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APPARATUS AND METHOD FOR ASSEMBLI NG ELECTROCHROM C CELLS

FI ELD OF THE | NVENTI ON The present invention relates in
general to the 5 manuf acture  of el ectrochrom c devi ces, and,
nor e particularly, to an apparatus and nethod for assenbling

el ect rochr om yoomhihgas whi ch, when activated, produce a PCTXLISSUANO2C hange
of state and may be adapted for use in a vari ety of devi ces. 10
BACKGROUND OF THE | NVENTI ON El ectrochrom c- cell s of

vari ous designs have been proposed for use in such diverse apparatus
as graphics displays, wist watch displays, vari abl e

transm ssion wi ndows and mrrors, and voltage or state- 15 of - char ge
indicators for Dbatteries, anong ot hers. Al t hough their
specific constructions may vary consi derabl y dependi ng on

their intended application, st _electrochromc devices possess
several common APPARATUS AND ME’I‘HOD FOR ASSEMBLING ELBCTROCHROM!C CELLS

FIELD OF THE INVENTION

The present invention relates in general to the.

5 manufacture of electrochromic devices, and, more
particularly, to an apparatus and method for assembling
electrochromic cells which, when activated, produce a
visual change of state and may be adapted for use in a

variety of devices.

10 BACKGROUND OF THE INVENTION

Electrochromic cells of various designs have
been proposed for use in such diverse apparatus as
graphics displays, wrist watch displays, variable
transmission windon and mirrors, and voltage or state-

15 of -charge indicators for  Dbatteries, among others.
Although their specific constructions may vary
considerably depending on their intended application,
most electrochromic devices possess several common
characteristic features. Typically, an electrochromic

20 device is comprised of an electrochemical cell having a
first electrically conductive electrode which functions
as cathode, a second electrically conductive electrode
which functions as an anode, and a medium through which

the first and second electrodes communicate to effectuate



characteristic features. Typically, an electrochromc 20 device is

conprised of an el ectrochem cal cell having a first electrically
conductive el ectrode which functions as cat hode, a second
electrically conductive el ectrode whi ch functions as an anode, and a
medi um t hr ough whi ch the first and second el ectrodes conmunicate to
effectuate woo9s/14825 a visible change in t RETHEINMEWRder the
application of a DC voltage applied to a circuit including the first
and second el ectrodes. The nedium through which the

el ectrodes comunicate normal ly assunes the formof 5 solid,

sem-solid or liquid electrolyte. Any of the el ectrodes and the
el ectrolyte may conprise an el ectrochrom c material which
responds to the current i nduced by the applied DC voltage so as to
produce the desired visible change in the cell. 10

The operation of an electrochem cal cell nmay produce pernmanent or

reversible iom 2dtsible cbange in thiei ool awpder tdfe ampmldicatiogoafarned

in either the
DC voltage applied to a circuit including the first and

second electrodes. The medium through which the
electrodes communicate normally assumes the form of
5 solid, semi-solid or liquid electrolyte. Any of the
electrodes and the electrolyte may comprise an
electrochromic material which responds to the current
induced by the applied DC voltage so as to produce the

desired visible change in the cell.

10 The operation of an electrochemical cell may
produce permanent or reversible ionization or
deionization of metals contained in either the
electrolyte and/or at least one of the electrodes which
results in an oxidation or reduction (redox) reaction at

15 the respective electrodes. The cell is wusually a
confined space wherein the first and second electrodes
are separated from one another by the electrolyte,
possibly in conjunction with a spacing means. In
addition, the cell normally includes at least one

20 substrate, which may be fabricated from flexible or rigid
material, through which the metallic deposition or
dissolution occurring within the cell may be observed.
For example, the visible change in the cell may be
obsexrved through the substrate if the substrate is

25 substantially transparent or if the substrate contains
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el ectrolyte and/or at |east one of the el ectrodes which results in
an oxi dation or reduction (redox) reaction at 15 the respective

el ectrodes. The «cell is wusually a confined space wherein the
first and second el ectrodes are separated from one another by the
el ectrol yte, possibly in <conjunction wth a spacing neans.

In addwoisends23 he cell normally includes at | east on&CT/E§97/18002
substrate, which may be fabricated fromflexible or rigid mat eri al ,
t hrough which the netallic deposition or di ssol ution occurring
within the cell may be observed. For exanple, the visible change in
the cell may be observed through the substrate if the substrate is
25 substantially transparent or if the substrate contains

- 2- an orifice or wi ndow through which the visible
change may be observed. Exanpl es of

el ectrochem cal devices defined by enclosed cells with rigid
substrates and aapjeifdce or window through which the visible change may

be observed.

Examples of electrochemical devices defined by

enclosed cells with rigid substrates and a liquid

5 electrolyte in communication with first and second
electrodes include U.8. Pat. Nos. 4,116,535, 4,188,095,

4,285,575 and 4,902,108.

U.S. Patent No. 5,411,817 discloses a charge

indicator for a battery, in which a layer, between an

10 electrode pair, comprises an antioxidant, a photographic
color coupler dispersion and a photographic coloxr
developer. Variouse possible compositions for this layer

are discloged, but within the constraints just described,

no disclosure appears to be provided to the effect that

15 the electrochemical process, in which electrolyte color
is transformed, 1is reversible without reversing the
polarity of the electrodes. The other alternative
applications disclosed, as a disposable electric meter

and a “phone card,” appear to imply that the

20 electrochemical process is not reversible.

U.S. Patent No. 3,720,869 discloses a method of
determining a state-of-charge condition of an electrode

in an electric cell by measuring the resistance of a cell



5 el ectrolyte in communication with first and second

el ectrodes include U S. Pat. Nos. 4,116,535, 4, 188, 095, 4,285,575
and 4, 902, 108. U S. Patent No. 5,411,817 discloses a
char ge indicator for a battery, in which a |layer, between an 10

el ectrode pair, conprises an antioxidant, a photographic col or
coupl er di spewsioemsand a phot ographi c col or devel opecT/USYHI8003US
possi bl e conpositions for this |ayer are disclosed, but within the
constraints just described, no di scl osure appears to be provided to
the effect that 15 the el ectrochem cal process, in which electrolyte
col or Is transformed, is reversible without reversing the

polarity of the electrodes. The other alternative

applications disclosed, as a disposable electric neter and a

", phone card,"” appear to inply that the 20 el ectrochem cal
process is not reversible. U.S. Patent No. 3,720, 869

di scl oses a net hedlecfrode by iks eronvensjon desweenfachgrgéliondndi nenof an

el ectrode in an electric cell by nmeasuring the resistance of a cel
- 3- metallic phase.

U.8. Patent No. 3,667,039 discloses measuring
instruments utilizing 1liquid crystalline elements that
5 exhibit visible change in response to input signals above

given threshold levels.

Several U.S. patents to Warszawski disclose

light modulating devices as well as processes for making

or using the same. These are U.S. Patent Nos. 5,054,894,

10 5,056,899, 5,074,648, 5,078,480, 5,080,470 and 5,082,355.
The substantive disclosures of all six of these patents

are virtually identical. Thus, £for convenience, these
patents will Dbe <collectively referred to as the

“Warszawski patents.”

15 The Warszawski patents disclose numerous
embodiments in the way of realizing several different
types of light modulating devices, e.g., in large-scale
environments, such as large signs in public locales.
These patents emphasize waintaining the structural

20 integrity of the 1light modulating devices disclosed,
particularly in the case of large-scale devices, such
that the electrolyte-electrode interfaces will not be

unduly affected by local discontinuities and/or stresses.



el ectrode by its conversion between a netallic and non- metallic

phase. U S. Patent No. 3,667,039 discloses neasuring
instruments utilizing liquid crystalline elenents that 5 exhi bi t

vi si bl e change in response to input signals above gi ven threshold
| evel s. Several U S. patents to Warszawski discl ose

| i ght nodul atwogs/tus8es ces as wel |l as processes for naking FPCTUSEO0YS| ng
the sane. These are U S. Patent Nos. 5,054,894, 10 5, 056, 899,

5,074, 648, 5,078,480, 5,080,470 and 5, 082, 355. The substantive

di sclosures of all six of these patents are virtually identical.
Thus, for conveni ence, these patents wll be collectively
referred to as the "War szawski patents.” 15 The
War szawski  patents di scl ose nunerous enbodi nents in the way of
realizing several different types of |ight nodul ating devices, e.g.,
in |arge-scal e environnents, such as large signs in public |ocales.

These patents enphasi ze TonhRHe fH mghet Warszaysjey HAHENESOPTOPPFR eftd ty
Case of | ar go- sclf® HbvFegEs O 1avert', B3Euere opRorFRY, PREr e otde
interfaces wll pofe bﬁaintain a high degree of flexibility, and it is
specifically proposed that the electrolyte material be
5 plastic or viscoelastic. Also for the purpose of
maintaining structural cohesion, it is proposed that the
electrolyte layers either be provided with a separate
adhesive or be sgelf-adhesive themselves, to ensure

adequate bonding with the electrodes.

10 Although the Warszawski patents appear to
contemplate the use of electrodes that are not
necessarily flat, there appears to be no teaching or
suggestion to the effect of rendering the electrodes
themselves as flexible. Thus, it would appear the

15 Warszawski patents, while contemplating the wuse of
flexible electrolyte layers, assume that the electrodes
flanking the  electrolyte layer(s) will essentially be
rigid. This would appear to be particularly true in the

case of large-scale public signs.

20 With regard to the manufacture of the 1light
modulating devices disclosed in the Warszawski patents,
different techniques are proposed, such as thick-film
application techniques and cut-out techniques. The

thick-film application techniques involve silk screening,



unduly affected by | ocal discontinuities and/or stresses.

-4- To this end, the Warszawski patents
propose the use of electrolyte |ayers, between opposing el ectrodes,
that maintain a high degree of flexibility, and it is specifically
proposed that the electrolyte material be 5 plastic or viscoelastic.
Also for thwoopusgHse of mai nt ai ni ng structural ®ERASYTHE02it s
proposed that the el ectrolyte layers either be provided with a
separate adhesi ve or be sel f-adhesive thensel ves, to ensure
adequate bonding with the el ectrodes. 10 Al t hough the

War szawski patents appear to contenplate the wuse of

el ectrodes that are not necessarily flat, there appears to be no
t eachi ng or suggestion to the effect of rendering the el ectrodes

t hensel ves as flexible. Thus, it would appear the

air gap, helical wire bar and related technigues. The
cut-out techniques involve, for example, the production
of a composite, that includes an electrode with the
electrolyte, and then applying the composite to another
5 electrode. Contemplated are techniques such as
extrusion, rolling, calendering, coating and the like, as

well as punching, stamping and laser cutting.

U.S. Patent No. 4,497,881 describes a battery

charge indicator that is essentially formed £from

10 components already present within the battery itself.
Particularly, there is disposed within the battexry a

charge producing compound which apparently could
constitute the electrolyte, the anode gel, the cathode
material or a combination of two or more of such

15 compounds. This charge producing compound is provided
just within the outer cylindrical surface of the battery
housing and is configured to adopt a given color, such as

black, when the battery has a full charge and gradually
changes to a different color, such as gray, when the

20 battery charge is depleted. A small hole or window is
provided in the outer surface of the battery housing in

order to enable the user to view the color of the charge
producing compound. This patent appears to emphasize the

use of materials already present in a conventional



15 Warszawski patents, while contenplating the wuse of

flexible electrolyte |layers, assune that the el ectrodes fl anki ng the
el ectrolyte layer(s) will essentially be rigid. This woul d appear to
be particularly true in the case of |arge-scale public signs. 20
Wth regard to the manufacture of the |ight nodul ati ng devi ces

di scl osed i n whesngeszawski patents, di fferent techRFHUSY/18002
proposed, such as thick-film application techniques and cut-out

t echni ques. The thick-filmapplication techniques involve silk
screening, - 5-

air gap, helical wire bar and rel ated techni ques. The cut - out

t echni ques invol ve, for exanple, the production of a conposite, that
i ncludes an el ectrode with the el ectrolyte, and then applying the
conposite to anot her 5 el ectrode. Contenpl ated are t echni ques
such as extrusion, rolling, calendering, coating and the_like, as

battery, rather than adding additional compounds or

structures for indicating color.

U.S. Patent No. 4,917,973 discloses a secondary

battery in which one of the electrodes of the battery

5 itself changes coior in accordance with the voltage
between the positive and negative electrodes of the
battery. A window or hole is provided for viewing the

color change of the aforementioned electrode. This
patent appears to be limited sclely to secondary

io0 batteries, 1.e. egignificantly small, generally disk-

shaped batteries.

U.S. Patent No. 5,256,500 teaches a battery,
such as a lithium battery, having a built-in lifetime
indicator. Primarily, this patent is directed to lithium

15 batteries, but also contemplates that the invention
disclosed therein be utilized in conjunction with other
types of batteries, such as manganese batteries and
nickel cadmium batteries. It is generally suggested that
an "indication element?, as part of a "lifetime

20 indicator" be provided within the battery itself.
Various types of indicators are contemplated, such as
electrochromism elements, electrophonetic cells and
liquid crystal cells. In one embodiment, a "lifetime

indicator" can be selectively mountable and dismountable



wel | as punching, stanping and | aser cutting. U S. Patent
No. 4,497,881 describes a battery charge indicator that s
essentially formed from 10 conponents already present within the
battery itself. Particularly, there is disposed within the battery
a charge producing conpound whi ch apparently coul d
constitute thsvoedsaes2sol yte, the anode gel, the cathode PCT/UAT/8B92a| or a
conbi nati on of two or nore of such 15 conmpounds. Thi s charge
produci ng conpound is provided just within the outer cylindrical
surface of the battery housing and is configured to adopt a given
col or, such as bl ack, when the battery has a full charge and

gradual | y changes to a different color, such as gray, when the 20
battery charge is depleted. A small hole or windowis provi ded in
the outer surface of the battery housing in order to enable the user
to view the color of the charge produci ng conpound. This patent
appears to enphadfiitk rpepect to aypesdtivetrulilaiconspinedyohridwefatitery.

conventi onal ) ) ..
In this manner, the lifetime indicator can be mounted

onto the battery only when it is desired to take a
reading. For this embodiment, it appears that such a
5 lifetime indicator be selectively wountable and
dismountable via threaded engagements with the
aforementioned positive pull container. No other
possible embodiments of a removable lifetime indicator

are disclosed.

10 U.Ss. Patent Nos. 5,250,905, 5,396,177,
5,339,024, 5,418,086 and published PCT Application No.
PCT/US92/07757 (International Publication No. WO
93/06474) variously describe batteries having externally
mounted electrochemical tester devices. The tester

15 devices themselves include the essential electrochemical
cell components of a cathodic electrode, an electrolyte
and an anodic electrode arranged in a label applied
directly to the housing of a battery. 1In each of these
references, the tester device is connected in constant

20 parallel relation with the battery’s terminals so as to
provide a continuous reading of the battery’s state of
charge. The state of charge is determined as a function
of the depletion or dissolution of the anodic electrode
under the influence of the applied DC voltage. The

25 testers also include an electrolyte which may be either a

-8-



battery, rather than addi ng additional conpounds or structures for

I ndi cating col or. U S. Patent No. 4,917,973 discl oses a
secondary battery in which one of the electrodes of the battery 5
itself changes color in accordance wth the voltage bet ween
the positive and negative el ectrodes of the battery. A w ndow or
hol e i s provivedshsses viewi ng t he col or change of PCRAIS97/18002

af orenenti oned el ectrode. Thi s patent appears to be limted
solely to secondary 10 batteries, i.e. significantly- small,
general ly disk- shaped batteries. U.S. Patent No.
5, 256, 500 teaches a battery, such as a lithiumbattery, having a
built-in lifetime indicator. Primarily, this patent is directed to
l'ithium 15 batteries, but also contenplates that the invention

di scl osed therein be utilized in conjunction wi th other types of
batteries, such as nanganese batteries and ni ckel cadm um batteries.
It is generally sayy@sta] tehaporous P@ZWmEIiiﬁdi Ealnormatatienesontadgingar t
of a "lifetinme _20 i ndi cat or” provided within the battery

itself. V& ?‘6‘EP§°]t3§FﬁesS°&PtFﬁHr catlér Sodid, cSHFeﬁ'EJPSFﬁﬂlY%%c‘PF‘SéSbe
el ectrochrom sm gl ogeater, eLeGHLABDONS! Lhe SBLLPnaTIY apprieq ! FOHLG:
e 12 050 . Y Ry

crystal cells. n ONeE € I'cator ™ can be
sel ectively nounpagl enediidndis MOWHAN eencount:ered by a battery under

! 5 normal shipping, handling and |usage. In these
circumstances, the solid electrclyte wmay fracture,
thereby severing communication between the electrodes and
disabling the tester. Alternatively, when formed as a
film wmatrix, the electrolyte must be preformed and

10 thereafter applied to an electrode in a separate and
distinct manufacturing step, thereby complicating .and

lengthening the label manufacturing process as well as

'adding to its expense.

U.S. Patent Nos. 5,418,085 and 5,494,496

15 describe electrochemical battery tester devices which may
be integrally affixed to an end of a battery. These
references generally discuss electrochromic materials and

that such materials may be printed on a substrate but

offer no specific teachings of the details of how these

20 materials may be printed under actual mwmanufacturing
conditions to produce an operable device. More
particularly, there is no substantive discussion of the
preferred compositions of the electrochromic materials

and how these materials are selected and/or adapted to

25 reliably perform under the rigors of normal



wWith respect to a positive pull container of the battery. In this
manner, the |ifetine indicator can be nounted onto the battery only
when it is desired to take a readi ng. For this enbodinment, it
appears that such a 5 lifetime I ndi cat or be sel ectively

mount able  and di srountable via threaded engagenent s wth

t he af wiogeams oned positive pull container. PCT/US/18002her
possi bl e enbodi ments of a renovable lifetine indicator are

di scl osed. 10 u. S Pat ent Nos. 5, 250, 905,

5, 396, 177, 5,339, 024, 5,418,086 and published PCT Application No.
PCT/ US92/ 07757 (I'nternational Publication No. WO 93/ 06474)
variously describe batteries having externally nount ed

el ectrochem cal tester devices. The tester 15 devi ces thensel ves
I ncl ude the essential electrochem cal cell conponents of a cathodic
el ectrode, an electrolyte and an anodi c el ectrode arranged in a

| abel applied manufgrrecing, t chilppingusihagddfing bander ysageén efichtbe

t hese references, the tester device is connected in_constant
battery. Nor is there any disclosure of whether such

materials may be effective when borne by a tester label
surrounding the circumference of a battery, which region
5 is typically subject to greater and wmore frequent

mechanical shock then the ends of a battery.

u.s. Patent No. 5,458,982 teaches an
electrochromic battery tester device that may be
integrated into a Dbattery 1label affixable to the

10 circumferential wall of a battery housing. The
electrolyte component of the electrochromic tester

disclosed therein may be a solid or a thickened solution.

If solid, the electrolyte may experience the
aforementioned fracture failure under normal
15 manufacturing, shipping, handling and usage of the label

and battery. If formed as a thickened solution, there is
no assurance that the solution wmay maintain its
electrolytic properties throughout the useful service
life of the battery, especially if the solution dries and
20 the continuous presence of a threshold level of moisture
is necessary for preserving electrolytic activity in the
electrolyte and concomitant viability of the
electrochromic cell. General references are made to
methods of assembling the electrochromic cell by printing

25 a label substrate using conductive and electrochemically

_10_



20 parallel relation with the battery's termnals so as to

provide a continuous reading of the battery's state of charge. The
state of charge is determ ned as a function of the depletion or

di ssolution of the anodic el ectrode under the influence of the
applied DC voltage. The 25 testers also include an el ectrol yte which
may be eitherws 9814825 - 8- PCT/US97/18002
solid or a porous polyneric filmmatrix containing el ectrol yte
solution. If solid, the electrolyte my be too brittle to

wi thstand the externally applied forces and nechani cal shock
encountered by a battery under 5 nor mal shi ppi ng, handling and
usage. In these ci rcunst ances, the solid electrolyte
may fracture, t her eby severing conmuni cati on between the

el ectrodes and disabling the tester. Alternatively, when forned
as a filmmtrix, the electrolyte nust be prefornmed and 10

thereafter appli egtiveannkseorrpaintsn aTheparbs eno a@isclosure however,

apart from identification of certain active materials and
thickeners, of specific ways or formulations by which
such materials may be combined to produce viable inks or

5 paints suitable for high speed printing.

An advantage exists, therefore, for an
apparatus and method for producing, at high speeds, an
inexpensive, thin film electrochromic cell which may be
constructed as a geries of preferably non-preformed

10 layers applied to one or more flexible or rigid
substrates, wherein each of the several layers may be
deposited by coating or printing apparatus, and wherein
the layers, including any electrode and electrolyte
layers, maintain their as-applied gstructural and

15 functional characteristics throughout the useful service
life of the electrochromic device with which the cell

may be used.

Although state-of-the-art high speed printing

and coating techniques would appear to provide an

20 apparent means for producing electrochromic cells,
significant problems must be overcome in constructing
electrochromic cells by such means. For example, the
composition of each graphic and, particularly, functional

ink used to construct the cell is critical because the

-11-



distinct manufacturing step, thereby conplicating and

| engt heni ng the | abel manufacturing process as well as adding to its
expense. US Patent Nos. 5,418,085 and 5,494,496

15 descri be el ectrochem cal battery tester devices which may be
integrally affixed to an end of a battery. These references
general ly di sswosssnesectrochrom c materials and t hat POXOISIMS003r i al s
may be printed on a substrate but of fer no specific teachings of the
details of how these 20 materials nmay be printed under actual

manuf act uri ng conditions to produce an operable device.

Mor e particularly, there is no substantive discussion of the
preferred conpositions of the electrochromic materials and how t hese
materials are selected and/ or adapted to 25 reliably perform under
t he rigors of nor mal -9-

manuf acturing, shipping handling and usage of the battery. Nor

is there any di sdhistrecngosilfépher digeate their electrical, chemical and
mechanical properties and printability characteristics,

and also because ink solvents occasionally tend to react

detrimentally with the substrate materials to which the

5 inks are applied. Because of these difficulties,
conventional printing and coating products, processes and

apparatus have not heretofore been used to assemble a

functional and reliable electrochromic cell.

Accordingly, there exists a need for a

10 versatile, high-speed, economical process and apparatus
for making thin film electrochromic cells for a variety

of devices. There also exists a need for processes,
apparatus and electrochromic cell constituent materials

which produce an electrochromic cell and/or device with

15 indicia bearing surfaces to which permanent.or temporary
color graphics may be applied without interfering with

the functionality of the electrochromic cell.
SUMMARY OF THE INVENTION

The present invention comprises a method and

20 apparatus for constructing an electrochromic cell from a
series of preferably non-preformed layers applied to one

or more flexible or rigid substrates, wherein each of the
several layers may be deposited by high-speed coating or

printing techniques. The functional layers of the

-12-



materials may be effective when borne by a tester | abel surroundi ng
the circunference of a battery, which region 5 Is typically subject
to greater and nore frequent mechani cal shock then the ends of a
battery. u. S. Pat ent No. 5, 458, 992 t eaches an
el ectrochromc battery tester device that may be I nt egrated

I nto a batterwolosisks af fi xable to the 10 ci rcunf er ent | ZCT/USRW1IBO0Z0f a
battery housi ng. The el ectrolyte conponent of the

el ectrochromc tester di scl osed therein may be a solid or a

t hi ckened sol uti on. | f solid, the el ectrol yte may

experi ence t he af orenenti oned fracture failure under

normal 15 manuf act uri ng, shipping, handling and usage of the | abel

and battery. If fornmed as a thickened solution, there is no
assurance that the solution may maintain its electrolytic
properties throughout the useful service life of the battery,
especial ly if theleginachgamieiesllamye 2pplied has cors mpomatgrésbaceidt a
threshold | evel of noisture |, nﬁcessargafor reserV|n%ieIectront|c

activity in the the P’é?%edftr%ﬂsyt e anda{ﬁ GreEAtLics,i afly i t yinks of
t he el ec%‘?gﬁro iGe1§ 4efer eger}erahFFrJg;e%%ncefn e madmk? Qb |

nmet hods of asse I g the ef ectrocC AFomi ¢ cé FintTng
substrate using geaduc! issenardkebast{fLReBCldmpletely dries to form a

0 5 solid or semi-solid layer. The present invention further
comprises an economical process for making a variety of
thin film electrochromic cells and/or thin film
electrochromic devices which comprise an electrochromic
cell (collectively referred to herein as “electrochromic

10 cell” or “cells”). The invention further comprises a
versatile apparatus which may be utilized to produce

electrochromic cells and devices of wvarious constructions

which include functional and/or graphical elements.

The process and apparatus of this invention may

15 be adapted to any printing process such as screen
printing, sputtering, lettexrpress, flexography,
lithographic printing, offset lithography, serigraphy or
intaglio printing. Any one of these printing techniques

may be employed to produce an electrochromic cell or

20 device. Alternatively, an electrochromic cell or device
may be produced by employing two or more of these printing

techniques.

A presently preferred printing process for

achieving the objectives of the invention is intaglio

-13-



active inks or paints. There is no disclosure however, apart from
I dentification of certain active materials and t hi ckeners, of
speci fic ways or formulations by which such materials may be
conbi ned to produce viable inks or 5 pai nts suitable for high speed
printing. An advantage exists, therefore, for an
appar at us andwoss/idzes f or producing, at high speeds, an PCT/US97/180062
i nexpensive, thin filmelectrochromc cell which may be constructed
as a series of preferably non-prefornmed 10 | ayers applied to one or
nore flexible or rigid substrates, wherein each of the several
| ayers may be deposited by coating or printing apparatus, and
wherein the layers, including any el ectrode and el ectrol yte
| ayers, maintain their as-applied structural and 15 functi onal
characteristics throughout the useful service life of the
el ectrochromc device with which the cell na¥ be used.
Al t hough st at e- oPTiRking+ An§pgbpedripting apploys eithey Bl idgteecehi ques
woul d appear to provigde an . 20 apparent _neans _.far  .producing, "
el ect rochr omi c ggla.pga,.ng cylinders c%%prlmng so—calle%l image carriers
which are used to apply the inks to a desired substrate.
The image carriers used in intaglio printing differ from
5 image carriers used in other printing processes'inasmuch
as intaglio image carriers have an image cut or etched
below the surface of the non-image area of the image
carrier. Intaglio plate printing is used to print currency
and art reproductions. Although intaglio plate printing
10 produces a high quality printed product, plate printing
utilizes highly viscous ink and requires high pressure to

transfer images from the plate to the substrate.

Accordingly, it is presently preferred to

utilize print cylinders which allows for the use of less

15 viscous inks which readily transfer to any desired
substrate. The printing cylinders of this invention may

be engraved and then, optionally, chemically etched (as
described in further detail below) so as to increase the

volume of ink deposited in any particular layer of the

20 electrochromic cell.

The image engraved on the cylinder is screened.
Each square inch of engraved area has between about 2,000
and 90,000 cells engraved in the surface. The actual size

and number of cells is determined by density of the ink
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significant problens nust be overcome in constructing el ectrochrom c

cells by such neans. For exanple, the conposition of each graphic
and, particularly, functional i nk used to construct the cell is
critical because the I nks' conpositions dictate
their electrical, chem cal and mechani cal properties and
printability woessasseeristics, and al so because i nk PETIUSHHIBHZ
occasionally tend to react detrinmentally with the substrate
materials to which the 5 inks are applied. Because of these
difficulties, conventional printing and coating products, processes
and appar at us have not heretofore been used to assenble a

functional and reliable electrochromc cell. Accordi ngly,
there exists a need for a 10 versatile, high-speed, econom cal
process and appar at us for making thin filmelectrochromc cells for
a variety of devi ces. There al so exists a need for processes,

apparatus and el segubeed &yi cheefinagbriznintgshiimpge er i Breaking allyimages

produce an el ectrochrom c cell and/or device v%th )
into screens makes it possible for the engraved image to

retain a fluid ink of low viscosity until the ink is to be

applied. The printing process which utilizes such an
5 engraved cylinder is known as “rotogravure” or “gravure”
printing.

Rotogravure printing is preferred because of its
consistency and versatility in repetitive printing
applications where consistency and uniform application or

10 printed layers are required. Current rotogravure printing
processes have primarily focused on the relatively simple
processes and conventional ink materials associated with
printing of graphic colored inks on various substrates.
The present invention likewise addreases those technigues

15 as well, while also introducing novel methods, apparatus
and materials for printing inks which comprise the

functional components of an electrochromic cell.

The image carrier employed in rotogravure

printing processes usually comprises a cylinder having a

20 steel or aluminum core. The core is electroplated with
copper and engraved in the reverse of the desired printed

shape so that the “image carrier areas” (the areas in

which ink is deposited prior to application) are below the

surface of the cylinder. The entire cylinder is then

-15-



15 I ndicia bearing surfaces to which permanent or tenporary col or
graphics may be applied without interfering with the functionality
of the electrochromc cell. SUMMVARY COF THE

| NVENTI ON The present invention conprises a nethod and
20 apparatus for constructing an electrochromc cell froma

series of prewonsmisss non-preforned | ayers applied to one PCI/USIGBMDr e
flexible or rigid substrates, wherein each of the several |ayers may
be deposited by high-speed coating or printing techniques. The
functional layers of the -12-

el ectrochromc cell are applied as inks or materials with t he
properties and/ or characteristics of i nks (collectively
referred to herein as "ink" or "inks") wherein each ink partially
or conpletely dries to forma 5- solid or sem-solid layer. The
present invention further conpri ses an econom cal process for
maki ng a varietychrome plated to increase the wuseful 1life of the

engraving.

The present inventors have observed that

printing cylinders employed by rotogravure presses £for

5 conventional graphics printing purposes were found to be
incapable of depositing sufficient volumes and
thicknesses of the wvarious inks required to construct

thin film electrochromic cells. The printing cylinders

of the present invention overcome these deficiencies by

10 being first electronically engraved and then chemically
etched by, for example, acid (such as HCL) or other such
etching formulations to produce the appropriate volume

and shape of each image carrier area.

Chemical etching increases the overall volume

15 within the engraved portion of the image carrier area by
increasing the surface area of the cells £formed by
engraving. Asg such, the chemically etched printing
cylinders may deposit ink layers of greater thickness and
uniformity than those which may be applied by cylinders

20 subjected solely to mechanical etching.

A rotogravure press dgenerally comprises one or
more printing stations wherein each printing station
typically includes an engraved image carrying cylinder, an

ink fountain, a doctor blade, an impression roller and an
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thin film electrochromc cells and/or thin film

el ectrochrom c devi ces which conprise an el ectrochromc cel l

(collectively referred to herein as "electrochromc 10 cell" or

"cells"). The invention further conprises a versatil e apparat us

whi ch may be utilized to produce el ectrochrom c cells and devices of

vari ous const mUr9siidsis whi ch include functional and/ RACTSapEpRRal

el enent s. The process and apparatus of this invention may

15 be adapted to any printing process such as screen

printing, sputtering, | etterpress, f | exogr aphy,

lithographic printing, offset |ithography, serigraphy or Intaglio

printing. Any one of these printing techniques may be enpl oyed to

produce an el ectrochromc cell or 20 device. Alternatively, an

el ectrochrom c cell or device may be produced by enploying two or

more of these printing . t echni ques. i . . A presently

preferred printii@kpAsyens nesns. As the mEvindgrt¥REafSectnlels gPrlied

'nvention is Irné%% %%e cylindrical image carrier from the ithEountain and

the doctor blade wipes the surface of the cylinder clean
prior to printing. The substrate upon which the ink is

5 to be deposited is passed between the cylinder and the
impression roller. The cylinder and roller are in contact
with the substrate and are positioned such that pressure
may be applied to the substrate in order to promote ink
transfer. Generally, the cylinder and/or the roller may

10 be adjusted in order to increase or decrease the pressure

applied (also referred to herein as “printing pressure”) .

Rotogravure presses can achieve press speeds in
excess of about 3000 feet per minute and may accommodate
substrate web widths from under 30 cenﬁimeters to about 15

15 feet or greater. The rotogravure press according to the
present invention may comprise one printing station for
each ink or layer which is to be applied to the substrate.
Bach layer of ink may be applied to the substrate and the
substrate may be otherwise treated via separate complete

20 passes of the substrate through discrete, unaffiliated
printing and treatment stations. Preferably, however, the
apparatus of this invention comprises a plurality of
sérially aligned operative stations. Such operative
stations may include one or more of the following:

25 substrate unwind stations, automatic substrate splicing
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printing. Intaglio printing enploys either flat plates or printing
cylinders conprising so-called "inmge carriers' whi ch are used to
apply the inks to a desired substrate. The image carriers used in
intaglio printing differ from 5 i mage carriers used in other printing
processes inasmuch as intaglio inmage carriers have an i mage cut or
et ched WoeBH4928 he surface of the non-inmage area of t RETIUSEHE002
carrier. Intaglio plate printing is used to print currency and art
reproductions. Although intaglio plate printing 10 produces a high
quality printed product, plate printing utilizes highly viscous ink
and requires high pressure to transfer images fromthe plate to the
substrate. Accordingly, it is presently preferred to
utilize print cylinders which allows for the use of less 15 Vi scous
inks which readily transfer to any desired substrate. The
printing cylinders of this invention na Sﬁgraved and t hen,

optionally, chemB(F&FWn%t cikptrase surface d'é%‘lﬁﬁ"ﬁ‘e&n Fﬁ??%‘érs%&inﬁ'
below) so as to 'n%r e%g m§6e f ?ll"lOChla rd/8r glrlapg?ggfl t:.%g 4L 31 ¥>ns,.|.h

particular |ayer "0

i mge engraved opokhgigy! 's'%ﬁ%iohé S%%@BEQred lamin&@Gdh SQHAE fohd\Chaod
engraved area has between about 2, and 90, 000 cells engraved in

the surface. The cattliaf§ Sbz£tions, nyminaunheatmén@eléﬁd/drckﬂnypadmednby

density of the ink
5 stations.

Construction of the electrochromic cell of this
invention may be carried out by printing graphic and
functional layers of the cell on a single flexible or
rigid substrate. Alternatively, the <¢ell may be

10 constructed by printing only selected layers on selected
ones of two or more flexible or rigid gubstrates and then
joining the individual substrates together to form the
completed electrochromic cell. The combination of
elements of the electrochromic cell, graphics and other

15 matter applied to each individual substrate may be
collectively referred to as a “pass”. Where there are two
or more passes made during the construction of an
electrochromic cell, each pass is identified by number, as

for example, “first pass”, “second pass”, etc.

20 In multiple pass constructions, once each pass
has been printed, the several passes are brought into
precise registration with one another and joined to form
the completed cell. Prior to the instant invention, it

has been difficult if mnot impossible not only to
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-14- required by the final printed imge.

Breaki ng all inmages Into screens makes it possible for the engraved
i mage to retain a fluid ink of low viscosity until the ink is to be
applied. The printing process which utilizes such an 5 engraved
cylinder is known as "rotogravure" or "gravure" printing.

Rot ogravure pworssi4sgsi s preferred because of its cPEITUSET8802  and
versatility in repetitive printing appl i cati ons where

consi stency and uniform application or 10 printed |ayers-are required.
Current rotogravure printing processes have primarily focused on the
relatively sinple processes and conventional ink materials
associated with printing of graphic colored inks on various

substrat es. The present invention |ikew se addresses those

techni ques 15 as well, while also introducing novel nethods, apparatus

effectively print the functional components of an
electrochromic cell on a substrate but also to align and
unite the two or more passes such that their various
layers make the desired electrical and physical contact.
5 Thus, the process of this invention introduces a highly
accurate and reliable means of registered lamination which
may be carried out in such a way that a second pass may be
printed and immediately thereafter precisely laminated to
a first pass as the preprinted first pass is fed from an

10 unwind station.

As is apparent from the foregoing discussion,
the formulation of each ink is critical to producing an
electrochromic cell reliably and at high speed. If the
inks are not of the proper formulation, the layers of

15 each pass may not dry properly, may tend to chemically
react with other materials, may fail to adhere to
adjacent layers and may tend to cause the substrate to
deform or break during processing. Accordingly, the
materials necessary for constructing the electrochromic

20 cell of this invention, especially those used to construct
the functional electrode and electrolyte layers, are
specially formulated inks rather than other conventional

ink and non-ink materials.
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and materials for printing inks which conprise the functi onal

conponents of an electrochromc cell. The i nmage carrier
enpl oyed i n rotogravure printing processes usually conprises a
cylinder having a 20 steel or alum num core. The core is

el ectroplated with copper and engraved in the reverse of the desired
printed wOoSHEEEs sSo that the "inmage carrier areas" (th@Causayysion

which ink is deposited prior to application) are bel ow the surface
of the cylinder. The entire cylinder is then

- 15- chronme plated to increase the useful life of
t he engr avi ng. The present inventors have
observed that printing cylinders enpl oyed by rotogravure presses
for 5 conventional graphics printing purposes were found to be

I ncapabl e of depositing sufficient vol unmes and
Further features, objects and advantages of the
invention will become apparent to those skilled in the art
upon consideration of the following detailed explanation
of specific embodiments of the invention, and with

5 reference to the drawings accompanying this specification.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will become more readily apparent
from the following description of preferred embodiments
thereof shown, by way of example only, in the accompanying

10 drawings wherein:

Figure 1 is an exploded view of the layers of an
electrochromic cell arranged in accordance with the

present invention;

Figure 2 ig a schematic view of an apparatus and

15 method for assembling the electrochromic cell of Figure 1;

Figure 3 is an exploded view of the layers of
another embodiment of an electrochromic cell arranged in

accordance with the present invention;

Figure 4 is an exploded view of the layers of
20 another embodiment of an electrochromic cell arranged in

accordance with the present invention;
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t hi cknesses of the various inks required to construct thin film

el ectrochromc cells. The printing cylinders of the present

i nvention overcone these deficiencies by 10 being first electronically
engraved and then chem cally etched by, for exanple, acid (such as
HCL) or other such etching formul ati ons to produce the appropriate
vol une wavd/iiekape of each inmage carrier area. PCT/US97/18002

Chem cal etching increases the overall volunme 15 wi thin the engraved
portion of the inage carrier area by i ncreasing the surface area of
the cells fornmed by engr avi ng. As such, the chemcally etched
printing cylinders nmay deposit ink |ayers of greater thickness and
uniformty than those which may be applied by cylinders 20 subj ect ed
solely to nechanical etching. A rotogravure press
general ly conprises one or nore printing stations wherein each
printing station typically includes an engraved inage carrying
cylinder, an i nk f ddsuaens dsdest elevphidenahn ¢raRscsecbhoroviey and

an -16-
of the electrochromic cell of Figure 4 in assembled

condition;

Figure 6 is a view taken along line VI-VI of

5 Figure 5;

Figure 7 is an enlarged cross-sectional view of

the area encircled within arrow VII of Figure 5;

Figure 8 is a schematic view of another
embodiment of the apparatus and method for assembling an
10 electrochromic cell constructed according to the present

invention;

Figure 9 is schematic view -of an apparatus and

method for assembling the electrochromic cell of Figure 3;

Pigure 10 is a schematic view of a two pass
15 apparatus and method for assembling an electrochromic cell

constructed according to the present invention;

Figure 11 is a schematic view of a single pass
apparatus and method for assembling an electrochromic cell

constructed according to the present invention; and

20 Figure 12 is a plan view of certain components
of a switching mechanism that wmay be produced by the

methods and apparatus of the present invention.
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ink drying neans. As the cylinder rotates, ink is applied to the
cylindrical image carrier fromthe ink fountain and t he doct or

bl ade wi pes the surface of the cylinder clean prior to printing.
The substrate upon which the ink is 5 to be deposited is passed

bet ween the cylinder and the inpression roller. The cylinder and
rol | er are i nwoosiset with the substrate and are p&SFAUBETHENZsuch

t hat pressure may be applied to the substrate in order to pronote

i nk transfer. Generally, the cylinder and/or the rofler may 10
be adjusted in order to increase or decrease the pressure appl i ed
(also referred to herein as "printing pressure").

Rot ogravure presses can achi eve press speeds in excess of about
3000 feet per m nute and nay accommobdat e substrate web widths from
under 30 centineters to about 15 15 feet or greater. The rotogravure
press according to the present |nvent|on nay conprlse one printing
station for each i PEIJLILED 3 al¥: &8

substrate. Each | ayer of i nk nay be applled to the substrate and the
substrate may be otherw s arate co asses of

i g %rea i ed VIE gg %ﬁ
the substrate through di s&FEEE IS8k PFI fRgrgs v r?&?rﬁﬁ T&RBE TRt nent
stations. Prefer @Péi’acé&‘éeveéesfé}%te 11k§pp%&at UéoPieéﬂBrﬁh'nB\/ean%I LS

conprises a plurality of serially aligned operative t
Such operative throughctitath@nsevenal Rikwde therorisatewal ihheidqedd Qi ng:
25 substrate unwi nd stations, automatic substrate splicing

5 in schematic form, an exploded view of the several layers

comprising an electrochromic device produced according to
a first presently preferred embodiment of this invention,
which cell is identified generally by reference numeral
10. Electrochromic cell 10 comprises a substrate 12 upon
10 which layers of an electrode material 14, electrolyte
material 16, and counter electrode material 18 axe
printed. Connector electrodes or terminals 20 and 22 may
also be printed in electrical communication with electrode

layer 14 and counter electrode 18, respectively.

15 Cell 10 is activated by connecting terminals 20
and 22 to a voltage source, such as a dry cell or other
electromotive force producing source (hereinafter referred
to as “EMF 32”). EMF 32 may be any suitable electromotive
force producing source such as a DC voltage generating

20 battery capable of producing a voltage differential
between electrode 14 and counter electrode 18, therein
causing an electrochemical reaction, typically exhibited
as a visible color change in electrode layer 14. The

visible color change in electrode layer 14 may be from one
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-17- stations, substrate surface tension
enhancenent stations, one or nore functional and/or graphical ink
stations, notching stations, registered | am nation stations, die
cutting stations, rewind stations and/or inspection 5 stations.
Construction of the electrochromc cell of this I nventi on may be
carried out byO9sM48e3 ng graphic and functional | ayePSTHPI7IB@2cel | on
a single flexible or rigid substrate. Al ternatively, the cel
may be 10 constructed by printing only selected | ayers on sel ected
ones of two or nore flexible or rigid substrates and then j oi ni ng
the individual substrates together to formthe conpl eted
el ectrochromc cell. The conbi nation of el ements of the
el ectrochrom c cell, graphics and other 15 matter applied to each
I ndi vidual substrate nmay be collectively referred to as a "pass".
Were there are two or nore passes nmade during the construction of
an color to another color, from a color to substantially
clear or transparent, or from substantially clear or

trangparent to a color.

For example, where indium tin oxide material and

5 a bismuth based material are employed as electrode 14 and
electrolyte 16, respectively, bismuth ions present in
electrolyte 16 gain electrons and bismuth metal plates out

on electrode 14 causing a visually perceptible change in
electrode 14, namely, the indium tin oxide turns from

10 transparent to black.

Terminals 20 and 22 need not be constructed as
part of cell 10 so long as there is provided a means by
which a voltage differential may be introduced across
electrode layer 14 and counter electrode layer 18 to

15 produce the desired electrochemical reaction in cell 10.

Substrate 12 may comprise any flexible or rigid
material (1) suitable for accepting one or more layers of
graphic and/or functional ink and (2) capable of being
rapidly printed by a printing press or other suitable

20 coating/printing apparatus during application of the ink
layers. For instance, substrate 12 may be made of a
flexible but strong material such as PVC film. The PVC
may be shrinkable or non-shrinkable £ilm having a

thickness of between about 0.4 mil and 4 mil. Most
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el ectrochromc cell, each pass is identified by nunber, as for
exanple, "first pass", "second pass", etc. 20 In nultiple
pass constructions, once each pass has been printed, the several
passes are brought into preci se registration with one another and
joined to form the conpleted cell. Prior to the instant invention,
it hasweoesnasds fficult if not inpossible not only to PCT/US97/18002
- 18- effectively print the functional
conponents of an el ectrochromic cell on a substrate-but also to
align and unite the two or nore passes such that their various
| ayers make the desired electrical and physical contact. 5 Thus, the
process of this invention introduces a highly accurate and reliable
means of registered | am nation which may be carried out in such a
way that a second pass may be printed and i medi ately thereafter
precisely |amnated to afirst pass as the preprinted first pass is
fed from an preferably, the thickness of the PVC laminate is about 1

to 2 mil., A preferred PVC material is film number GE-15

manufactured by Hoechst, Holland, N.V, of Weert, Holland.

Alternative materials which may be used as substrate 12

5 include, without limitation, polypropylene, polyester and

polyethylene films.

The choice of materials of construction used for
each of the components of cell 10, as well as the order of
assembly of such components are largely determined by the

10 specific application for which cell 10 is to be employed.
For example, the construction of cell 10 shown in Figure 1
depicts substrate 12 in contact with electrode layer 14,
which is the material normally intended to change state or
color during the electrochromic reaction so as to provide

15 a visual indication of such reaction to an observer.
Accordingly, to a presently preferred construction of cell
10, electrode layer 14 is substantially transparent in the
absence of an applied voltage. Furthermore, substrate 12
is preferably substantially transparent in order for the

20 reaction at electrode layer 14 to be observed.

' An alternative construction to the embodiment of
cell 10 shown in Figure 1 would comprise counter electrode
18 being applied directly to substrate 12, and then layers

of electrolyte 16 and electrode 14 being subsequently
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10 unwi nd station. As is apparent fromthe foregoing
di scussi on, the formulation of each ink is critical to producing an
el ectrochromc cell reliably and at high speed. |If the i nks are not
of the proper formulation, the layers of 15 each pass may not dry
properly, may tend to chemcally react wwth other materials, may
fail to adherwo ssmas2s adj acent | ayers and nmay tend to cEBCEHBSHMES62
substrate to deformor break during processing. Accordi ngly,

t he material s necessary for constructing the electrochromc 20
cell of this invention, especially those used to construct t he
functional electrode and electrolyte |ayers, are specially

fornmul ated i nks rather than ot her conventi onal i nk and non-i nk

mat eri al s. -19-

applied in sequence. In this modified embodiment,
substrate 12 would not have to be substantially
tranasparent because electrode 14 would not be cbscured by

any subseguently applied layers.

5 Accordingly, the process and apparatus of thie
invention permits the printing of each layer in any order
which provides the desired electrochromic reaction to take
place. More specifically, the order in which the layers
of the embodiment of Figure 1 are printed may be reversed

10 such that counter electrode 18 is printed first on
substrate 12, electrolyte 16 is printed on counter
electrode 18, and electrode 14 is printed on electrolyte

16 to form cell 10.

Turning now to the specific characteristics of

15 printed layers 14, 16 and 18, electrode layer 14 may
comprigse any material formulated according to the present
invention that is capable of providing a visgual indication

of an electrochemical reaction. Typically, this
indication is exhibited by a vigible change in electrode

20 layer 14. Layer 14, which functions as a cathodic
electrode in cell 10, should also be suitable for adhesion

to substrate 12 and, preferably, any other layers with

which it may be in contact
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Further features, objects and advantages of the I nvention w ||
becone apparent to those skilled in the art upon consi deration of
the foll owi ng detail ed expl anation of specific enbodi nents of the
i nvention, and with 5 reference to the drawi ngs acconpanying this
speci fication. BRI EF DESCRI PTI ON OF THE DRAW NGS

The i nventi onwaigshi4sdecone nore readi |l y apparent f r RETUSET/8YN2| owi ng
description of preferred enbodi nents t her eof shown, by way of
exanple only, in the acconpanying 10 drawi ngs wherein: -

Figure 1 is an exploded view of the |ayers of an el ectrochrom c
cell arranged in accordance with the present invention;

Figure 2 is a schematic view of an apparatus and 15 met hod for
assenbling the electrochromic cell of Figure 1; Figure 3
I s an expl oded view of the |ayers of anot her enbodi nent of an

el ectrochromc cell arranged in accordance with the present

i nvention; As wiitfuadl 2of $hen laypredudnkiesnwbyf the oropesss of
20 anot her enbaodi nent .of an, el ectrochrom ¢ cell_arranged.in

accordance with lcﬁe tﬁésé’,mfepﬁmi ,ctroge aner 14 preferably has the

- 20- physical characteristics of a printable ink. 1In addition,

the ink of layer 14 preferably has a relatively high

5 electrical conductivity (desirably 1less than about 50
Ohms/square/mil), and possesses active ingredient(s)

having a high affinity to electrochromic reactions such as
electroplating and the 1like. Similar to many of the

layers printed by the process of this invention, it is

10 preferable that electrode layer 14 be easily applied in

! any desired shape and thickness and that it dry rapidly

before the application of subsequent layers of cell 10.

The thickness of electrode layer 14 is between

about 0.05 and about 5 mil, preferably from about 0.2 mil

i5 to 0.3 mil. As with all of the layers printed in
accordance with this invention, electrode layer 14 may be
printed as a single layer whose thickness may be adjusted

by varying the relative concentrations of its essential
formulation constituents consistent with the ranges of

20 such constituents hereinafter disclosed. Alternatively,
the thickness of layer 14 (and other layers of cell 10)

may be increased merely by printing successive layers of

ink material.
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Figure 5 is an elevational, cross-section view of the

el ectrochromc cell of Figure 4 in assenbl ed condi ti on;

Figure 6 is a view taken along line VI-VI of 5 Fi gure 5;

Figure 7 is an enlarged cross-sectional view of the area encircl ed
within arrow VI1 of Figure 5; Figure 8 is a schematic
view of anowo®s/4825 enbodi nent of the apparatus and PETNS/18eN2
assenbling an 10 el ectrochrom c cell constructed according to the

pr esent "~ invention; Figure 9 is schematic view of
an appar atus and met hod for assenbling the el ectrochromc cell of

Fi gure 3; Figure 10 is a schematic view of a two pass 15

apparatus and nethod for assenbling an el ectrochrom c cel
constructed according to the present invention;

Inks which may be used as electrode layer 14
include, among others, indium tin oxide (“*ITO") based
inks, tin oxide based inks, antimony trioxide based inks,
and inks having tin oxide doped with hydrogen fluoride. A

5 presently preferred embodiment contemplates ITO based inks
to be used as electrode layer 14. A formulation using ITO
having the characteristics necessary to produce the
desired electrochemical reaction in cell 10 and
additionally having the characteristics of a printable ink

10 is believed to be unique.  In this copnection, a suitable

!9

electrode ink developed in'accordandéf&ith this invention

is preferably formulated as follows:

from about 20 to about 80 weight percent (wt %), more
preferably about 50 wt %, of at least one plating

15 agent receptor;

from about 5 to about 40 wt %, more preferably about

10 wt %, binding agent; and

from about 15 to about 75 wt %, more preferably about

40 wt %, solvent.

20 The plating agent receptor desirably assumes the
form of at least one material that is readily mixable with
both the binder and solvent to produce a highly

electrically conductive and generally non-tacky ink
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Figure 11 is a schematic view of a single pass apparatus and net hod

for assenbling an el ectrochrom c cell constructed according to the
present invention; and 20 Figure 12 is a plan view of
certain conponents of a switching nmechani smthat may be produced by
t he met hods and apparatus of the present invention.

-21- WO 98/14825 DETAI LED DESCRI PTPCNUSH/1800¢

| NVENTI ON Referring to the drawi ngs wherein like
reference characters designate li ke or correspondi ng parts
t hroughout the several views, there is shown in Figure 1, 5 in
schematic form an exploded view of the several |ayers conpri si ng
an el ectrochrom c device produced according to a first presently
preferred enbodi nent of this invention, which cell is identified
generally by reference nuneral 10. Electrochromc cell 10 conprises

a substrate 12 upon . ) . i
capable of producing a high quality image (i.e.,

esgentially uniform in coating thickness and coverage
consistency) when applied to a substrate. Such materials

may suitably include electrically conductive powders of

5 the aforementioned compoundsg, and preferably comprise ITO
powders. Suitable ITO powders include commercially
available ITO powdexrs comprised of substantially spherical

ITO particles and those comprised of substantially needle

or rod shaped ITO particles. A presently preferred

10 embodiment contemplates the electrically conductive powder
to comprise from between 0 to 100% ITO powder having
substantially spherical particles and from between 0 to

100% ITO powder having substantially needle or rod shaped
particles. A particularly preferred ITO powder comprises

15 a blend of about four parts substantially needle or rod
shaped particles and about one part substantially
gspherical particles. The present inventors Thave
discovered that such a blend optimizes the superior
electrical conductivity characteristics of the

20 substantizally needle or rod shaped particles with the
superior substrate coatability characteristics of the

substantially spherical particles.

Suitable binding agents include resin systems

such as polyvinyl chloride, polyvinyl butyral, acrylic and
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10 which | ayers of an electrode material 14, electrolyte

material 16, and counter electrode material 18 are printed.
Connector electrodes or termnals 20 and 22 may al so be printed in
el ectrical comunication with el ectrode | ayer 14 and counter

el ectrode 18, respectively. 15 Cell 10 is activated by
connecti ng t eweiogygdsass 20 and 22 to a vol tage source, pewwiozasooa dry
cell or other el ectronotive force produci ng source (hereinafter
referred to as "EMF 32"). EMF 32 may be any suitable el ectronotive
force producing source such as a DC vol tage generating 20 battery
capable of producing a voltage differential bet ween el ectrode
14 and counter electrode 18, therein causi ng an el ectrochem cal
reaction, typically exhibited as a visible color change in el ectrode
| ayer 14. The vi sibl e color change in electrode |ayer 14 may be

from one -22-
col or to anot her nittorelfulmmea coltdr tbesupsefarred | yesin being vinyl

chloride.

And, suitable solvents include normal propyl
acetate, ethyl alcohol and water, with the preferred

-] solvent being normal propyl acetate.

A suitable thickness of this formulation of ITO
ink when applied as electrode layer 14 may range from
between about 0.05 mil and about 5 mil and is preferably

about 0.2 mil to about 0.3 mil.

10 Electrolyte 16 may comprise any material which
promotes the electrochemical reaction of c¢ell 10, which
may be formulated as a printable ink and which is suitable
for adhesion to electrode layer 14 and, preferably, any
other layers of cell 10 with which electrolyte 16 will be

15 in contact. Electrolyte 16 preferably comprises at least
a humectant, a plating agent, a solvent and a binding
agent. Further, the electrolyte material must be of
sufficient electrical conductivity to  promote an
electrochemical reaction in cell 10 under the influence of

20 an applied EMF. The thickness and structural integrity of
electrolyte layer 16 must also be sufficient to prevent
electrical contact between electrode layer 14 and counter
electrode 18. Suitable thicknesses of electrolyte layer

16 may therefore range from between about 0.05 mil and 50
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clear or transparent, or fromsubstantially clear or transparent to
a col or. For exanple, where indiumtin oxide material and
5 a bisnmuth based naterial are enployed as el ectrode 14 and

el ectrolyte 16, respectively, bismuth ions present in el ectrolyte 16
gain electrons and bismuth netal plates out on el ectrode 14 causing
a visually pewoegissts e change in el ectrode 14, nanelkgT/UsT4stondi um
tin oxide turns from 10 transparent to bl ack

Termnals 20 and 22 need not be constructed as part of cell 10 so

|l ong as there is provided a neans by whi ch a voltage differential
may be introduced across el ectrode | ayer 14 and counter el ectrode

| ayer 18 to 15 produce the desired el ectrochem cal reaction in cell 10.
Substrate 12 may conprise any flexible or rigid material (1)
suitable for accepting one or nore |ayers of gr aphi ¢ and/ or
functional ink and (2) capable of being rapidly printed by a
printing press onilt hpeefeyabiplabou20l mikdat ildgipli neandhgnasprratesakliy i ng
application of the ink .layers, For instance, substrate 12 may be
nmade of a abgusidpFe Hutilstrong material such as PVC film  The PVC
may be shrinkabl e or non-shrinkable filmhaving a t hi ckness of

ngveen about 0.4 mil andAﬁy”%hectr&@?@e, whether solid, semi-solid or
liquid must maintain a threshold level of moisture in the

5 electrolyte composition in order for the electrolyte to

perform its intended function. Accordingly, electrolyte

16 preferably comprises at least one humectant substance.

The humectant must have hygroscopic properties sufficient

to abgorb and maintain moisture throughout the expected

10 useful service life of cell 10. Humectants suitable for

the present purposes any of several chlorine, sulfur and

bromium salts with a preferred humectant being lithium

bromide.

The plating agent desirably assumes the form of

15 at least one material that, under the influence of an
applied EMF, electrochemically bonds with or "plates out"

on the plating agent receptor material of the electrode

layer 14. Such electrochemical reaction may be either
permanent or reversible depending on the materials chosen

20 for the plating agent and the plating agent receptor as
dictated by the intended service criteria of

electrochromic cell 10.

When the electrochemical reaction between the

plating agent and plating agent receptor is intended, for
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preferably, the thickness of the PVC |amnate is about 1 to 2 ml.
A preferred PVC material is filmnunber CGE-15 manuf act ured by
Hoechst, Holland, N. V. of Wert, Holland. Alternative materials
whi ch may be used as substrate 12 5 i nclude, without limtation,

pol ypr opyl ene, pol yester and pol yet hyl ene fil ns.

The choi ce ofwont/esesl s of constructi on used for e XCiIVUSY /18602
conponents of cell 10, as well as the order of assenbly of such
conponents are largely determ ned by the 10 specific application for
which cell 10 is to be enpl oyed. For exanple, the construction of
cell 10 shown in Figure 1 depicts substrate 12 in contact with

el ectrode | ayer 14, which is the material normally intended to
change state or color during the electrochromc reaction so as to
provi de 15 a visual indication of such reaction to an observer.
Accordingly, to a presently preferred construction of cell 10,

el ectrode | ayer idstancsubsoadpei atdvyersihhspaﬂmmliahinheagent shoubdepe e of an

applied voltage. Furthernore, substrate 12 Ereferab
substantially tr%ﬁﬁﬁﬁﬂﬂ%ﬁ whichr qepdidy Phatesgout ?%a beoRlaE iR cRIPHEe

layer 14 to be Ob t%dr when an appropriate EMF is applied and readily

separates from the plating agent receptor and returns to
5 an equilibrium state (perhaps with the assistance of a
"scrubbing agent", discussed below) upon the removal or

polarity reversal of the EMF.

The plating agent thus desirably comprises at

least one salt compound whose constituent ions separate

10 and reunite, respectively, upon application and removal
(or reversal) of a comparatively low EMF, such as a DC
voltage of about 1.5V, in the presence of a suitable
counter electrode. Examples of suitable plating agents
include, without 1limitation, WO;, MoO;, V,0;, Nb,0; and

i5 BiCl; (bismuth trichloride). A presently preferred
compound useful as a plating agent is bismuth trichloride,

whose positively charged bismuth ions are drawn to and
temporarily bind with the negatively charged plating agent
receptor, e.g., indium tin oxide, of the electrode layer

20 14 to produce a generally black colored visible change in
the electrode layer uﬁder the influence of the applied

EMF. Simultaneously, the negatively charged chloride ions

of the bismuth chloride plating agent are drawn to and

temporarily bind with the positively charged counter
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An al ternative construction to the enbodi nent of cell 10 shown in
Figure 1 would conprise counter el ectrode 18 being applied directly
to substrate 12, and then | ayers of electrolyte 16 and el ectrode
14 bei ng subsequently - 24-
applied in sequence. In this nodified enbodinent, substrate
12 would nowodsasses to be substantially t r ans pRCINISIBEBRUS e
el ectrode 14 woul d not be obscured by any subsequently applied
| ayers. 5 Accordi ngly, the process and apparatus of this
I nvention permts the printing of each layer in any order whi ch
provides the desired electrochromc reaction to take pl ace. More
specifically, the order in which the |ayers of the enbodi nent of
Figure 1 are printed may be reversed 10 such that counter electrode
18 is printed first on substrate 12, electrolyte 16 is printed
on counter

electrode layer 18 (described in greater detail

hereinafter).

Upon removal or reversal of the EMF the

positively charged~ bismuth ions are released from the

5 electrode layer plating agent receptor substance of
electrode 14, the negatively charged <chloride ione are
released from the counter electrode 18 and bismuth
chloride reforms and equilibrates in the electrolyte 16.

To facilitate and expedite this procesgs, the electrolyte

10 16 optionally, and preferably, further comprises a
"scrubbing agent." The scrubbing agent should comprise a
suitable substance, such as a salt compound, whose
positive ions have a greater chemical affinity for the
negatively charged plating ageﬁt receptor of

15 electrochromic layer 14 than the positive ions of the
aforementioned plating agent when cell 10 is in an
equilibrium state, i.e., when no EMF is being applied or

when the polarity of the applied EMF is opposite to that
applied when the desired electrochromic reaction is to

- 20 take place. S8Simply stated, positively charged ions of the
scrubbing agent naturally displace the positively charged

ions of the plating agent at the bonding sites of the
plating agent receptor of electrode layer 14 when cell 10

is in equilibrium.
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el ectrode 18, and electrode 14 is printed on electrolyte 16 to form

cell 10. Turning now to the specific characteristics of
15 printed layers 14, 16 and 18, electrode |ayer 14 nmay _
conprise any material fornulated according to the present i nvention
that is capable of providing a visual indication of an

el ect r ocheni cwio 98m482&t i on. Typi cal |y, this PCTAISY 8802 0N i s
exhi bited by a visible change in electrode 20 | ayer 14. Layer 14,
which functions as a cathodic el ectrode in cell 10, should al so
be suitable for adhesion to substrate 12 and, preferably, any other

| ayers with which it may be in contact

- 25- As with all of the layers printed
by the process of this invention, electrode |ayer 14 preferably has
t he

An example of a scrubbing agent having
beneficial use in the electrolyte 16 is copper (II)
chloride, although other substances demonstrating the

aforementioned scrubbing behavior may also be emploved.

5 2 presently preferrxed embodiment of electrolyte

16 is formulated as a two-part electrolyte composition,

each part of which has independent utility as a printable

electrolytic ink. However, when combined in the manner

described in Figure 10, the parﬁs coalegce into a unitary

v= 10 mass having exceptional electrolytic and structural

integrity characteristics.

A first part of electrolyte composition 16,
hereinafter referred to as “Electrolytg A*, rapidly dries
to the touch into an essentially non-tacky state.

15 Electrolyte A is therefore well suited to subsequent
processing in a high speed press. In a rotogravure press,
for example, Electrolyte A is capable of readily receiving
additional layers of inks, including both functional and
decorative inks without experiencing damage to itsgelf,

20 without interfering with or inhibiting placement of later
applied inks, and without fouling of downstream print

stations with Electrolyte A.

By contrast, a second part of electrolyte 16,

hereinafter referred to as “Electrolyte B”, retains a
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physi cal characteristics of a printable ink. In addition, the ink

of layer 14 preferably has a relatively high 5 el ectrical
conductivity (desirably less than about . 50.. Ohns/ square/ m ),
and possesses active ingrédient(s) having a high affinity to

el ectrochrom c reactions such Ei\ﬁ'ﬁsSheetHaSBccﬂe@ﬁieﬂom ating and the |ike.

Simlar to nmowy9sssashe by the proceBSTBI7H#0%
invention, it is 10 pr ef eraﬂﬁﬁﬂﬁ%ﬂ“ I ode layer 14 be easily .
applied in any desired s ess and that it dry rapidly

before the application of subsequent |ayers of cell 10.

The thickness of electrode |layer 14 is between about 0.05 and about
5 ml, preferably fromabout 0.2 ml| 15 to 0.3 ml. As with al

of the layers printed in accordance with this invention,

el ectrode | ayer 14 may be printed as a single | ayer whose thickness
may be adj usted y varying the relative concentrations of its
essenti al hlS}Eﬁ"rmﬂ‘%WWec(ﬁﬁ%&tﬁpﬁerﬁ@%&ﬂsﬁ@tré’ﬁftw fh Qxﬁ% FEPRYS of

20 such constltueg1 rkf nafter |SCIQ§B Al ter a%}v t he
t hi ckness of | ay@f EI?zan helfpcfréy PROZFCIE | oo SU bttra y ' bePFnd eased

?gg?ly by pr'nt'f@bﬁﬁfﬁcﬁiéb¥fbi§¥éeﬁss@&ultaneouél?ks@?Uég'd@la source of
moisture for and promotes a strong mechanical connection

5 and electrochemical interaction with Electrolyte A when

the two electrolyte layers come into contact with each

other and, in addition, when the two electrolyte layers

come 1in contact with electrode layer 14. In addition,

Because of its tackiness, however, Electrolyte B i=s

10 preferably applied as the f£inal ink layer in a typical
multi-~station printing pass of a substrate f£ilm, sheet or

web.

When embodied as printable inks, each of
Electrolytes A and B desirably comprise the aforesaid
15 plating agents and humectants in the following proportions

in weight perxcent (wt %):

from about 0.2 to about 1.0 wt %, more

preferably about 0.6 wt %, plating agent; and

from about 4 to about 10 wt %, more preferably

20 about 7 wt %, humectant.

Both Electrolyte A and Electrolyte B should be
applied with essentially uniform consistency and

predictable thickness and in virtually any desirable
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I nks which may be used as el ectrode | ayer 14 I ncl ude, anong ot hers,
indiumtin oxide ("ITO') based I nks, tin oxide based inks, antinony
trioxi de based inks, and inks having tin oxide doped with hydrogen
fluoride. A 5 presently preferred enbodi nent contenplates |1 TO based

I nks to be used as electrode layer 14. A fornulation using I TO

havi ng the ciy®ai®si stics necessary to produce the PCTHESY/ 18868

el ectrochem cal reaction in cel | 10 and addi tional |l y havi ng
the characteristics of a printable ink 10 is believed to be unique. In
this connection, a suitable el ectrode i nk devel oped in accordance
with this invention Is preferably formul ated as fol |l ows:

from about 20 to about 80 wei ght percent (w 9%, nore

preferably about 50 wt % of at |east one plating 15 agent
receptor; . fromabout 5 to about 40 wt % nore preferably about
10 wt % binding agent; and fromabout 15 to about 75 wt %
nmore preferably pditiern on any flexibDevwr %igsidl gubstrate that is capable

of functioning as a printable surface. In extensive
research and development which culminated in the present
invention, the present inventors have discovered that

5 certain quantities and combinations of golvents and
binding agents, when selectively coupled with the plating

agents and humectants described above, produce
electrolytic ink materials having favorable
electrochemical properties and, generally, the desirable

10 physical characteristics of either ,Electrolyte A or

Electrolyte B,

Electrolyte A, a rapid drying, essentially non-
tacky electrolytic ink therefore preferably further

comprises:

15 from about 10 to about 60 wt %, more preferably
about 40 wt %, of a suitable organic solvent including,
without limitation, an alcohol such as ethyl, isopropyl,
normal propyl or methyl alcohol; or acetate such as ethyl,
isopropyl, normal propyl or methyl acetate; alcohol and

20 acetate blends, a presently preferred blend being an 80/20
ethyl alcohol/normal propyl acetate blend; ketones;

toluene, and the like; and

from about 2 to about 30 wt %, more preferably

about 8 wt %, of polyvinyl butyral, polyvinyl chloride,
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20 The plating agent receptor desirably assunes the

formof at |east one material that is readily m xable with both the
bi nder and solvent to produce a highly el ectrically conductive and
general |y non-tacky ink -27-

capable of producing a high quality inage (i.e., essentially
uni form i n cowniosg4sesi ckness and coverage consi st en®ER/USAESIRPp| | ed
to a substrate. Such naterials may suitably include electrically
conductive powders of 5 t he af orementi oned conpounds, and preferably
conprise I TO powders. Suitable |1TO powders include
commercially avai l abl e 1 TO powders conprised of substantially
spheri cal | TO particles and those conprised of substantially needle
or rod shaped I TO particles. A presently preferred 10 enbodi nment
contenpl ates the electrically conductive powder to conprise from
between 0 to 100% I TO powder havi ng substantially spheri cal

particles and fraeryéiQeartdocgllulose, spdysomel yrnterthuinyy Sulpnideti al |y

needl e or rod shaped
eRg., ethyl acrylic acid (EaA)/vinyl chloride, as a

binding agent.

And, Electrolyte B, a tacky electrolytic ink

5 preferably further comprises:

from about 15 to about 50 wt %, more preferably
about 35 wt %, of water, alcohol (e.g., ethyl, isopropyl,
normal propyl, methyl or butyl alcohol) or an aqueous
alcohol solution (a presently preferred solution being an

10 80/20 water/isopropyl alcohol solution) as a solvent; and

from about 2 to about 30 wt %, preferably about
22 wt %, of either polysaccharide, nitrocellulose,
hydroxyethyl cellulose, acrylice, vinyll or a copolymer of

vinyl chloride as a binding agent.

15 If degired, the electrolyte composition may also
contain one or more pigments to achieve at least one
desired visual effect in the electrochromic cell 10
before, during and/or after occurrence of the intended

electrochromic reaction.

20 The aforementioned essential and optional
constituents of electrolyte layer 16 and electrode layer
14 may be combined by any suitable processes. For

instance, they may be combined in the gquantities mentioned
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particles. A particularly preferred | TO powder conprises 15 a bl end of

about four parts substantially needle or rod shaped particles and
about one part substantially spherical particles. The present

i nventors have di scovered that such a blend optim zes the superior
el ectrical conductivity characteristics of the 20

substanti al | ywosea4ses or rod shaped particles with the PCTRSHE8003r
substrate coatability characteristics of the substantial ly
spherical particles. Sui t abl e bi ndi ng agents incl ude
resin systens such as pol yvinyl chloride, polyvinyl butyral, acrylic
and - 28-

nitrocellul ose, with the preferred resin being vinyl chl ori de.

And, suitable solvents include nornmal propyl acetate, ethyl alcoho

and water, with the preferred
in batch or continuous processes at normal atmospheric

pressure and temperature conditions.

As previously mentioned, counter electrode 18 is

negatively charged and therefore functions as an anodic

5 electrode in cell 10. Counter electrode 18 may comprise

any material of sufficient electrical conductivity to

promote the desired electrochemical reaction of cell 10,

and which is suitable for adhesion to electrolyte layer 1é

and, preferably, any other layers of cell 10 with which

n 10 counter electrode 18 will be in contact. The thickness of
counter electrode 18 may be between about 0.05 mil and

about 5 mil, and is preferably about 0.3 mil to 0.5 mil.

Inks usable as counter electrode 18 include

carbon based, silver based, nickel based and other

15 suitable conductive material based inks. A carbon based
ink suitable for use in the present invention is stock
number SS24600 manufactured by Acheson Colloides Company of

Port Huron, Michigan. The preferred thickness of this
formulation of carbon based ink when applied as counter

20 electrode layer 18 is between about 0.1 and 1.0 mil, and

is preferably about 0.4 mil.

Figure 2 depicts, in schematic form, a
simplified apparatus and method for lassembling the

essential components of the electrochromic cell 10 of
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5 sol vent being normal propyl acetate. A suitable

t hi ckness of this formulation of I1TO I nk when applied as el ectrode
| ayer 14 may range from bet ween about 0.05 mi| and about 5 m | and
is preferably about 0.2 m!| to about 0.3 m. 10

El ectrolyte 16 may conprise any material which pronotes the

el ectrochem cwbosresmes i on of cell 10, which may be f @CmUSenise2zas a
printable ink and which is suitable for adhesion to el ectrode | ayer
14 and, preferably, any ot her layers of cell 10 with which
electrolyte 16 will be 15 in contact. Electrolyte 16 preferably
conpri ses at | east a hunectant, a plating agent, a solvent and a

bi ndi ng agent. Further, the electrolyte material nust be of
sufficient electrical conductivity to pr onot e an

el ectrochem cal reaction in cell 10 under the influence of 20 an
applied EM~. The thickness and structural integrity of el ectrol yte
| ayer 16 nust al Fogbresuf.fi cidpstireter d2enis positiehedt bycad demtianste

bet ween el ectrode | ayer 14 and, counter . electrode 18. Suitable
t hi cknesses of eFUREFFRGR Pasifdpner 24 im@ fysthBFePboratdge 2fr BHEBRt ween

about 0.05 mi| agg 5 ectrode layer 14 is applied to” Hibstrate 12.

Substrate 12 is then positioned by positioner 24 in a
5 second print station 28 wherein a layer of electrolyte
material 16, which may correspond generally to Electrolyte
A described above, is applied to electrode layer 14.
Finally, substrate 12 is positioned by positioner 24 in a
third print station 30 where counter electrode layer 18 is

10 applied to electrolyte layer 16.

g

Positioner 24 wmay comprise any device, such as
an mechanized unwind station or anylnmnual interaction
required to position substrate 12 in print stations 26, 28
and 30. Print stations 26, 28 anhf 30 may comprise

15 individual printing apparatus or, in the alternative,
discrete printing stations of a single multi-station
printing apparatus. Any conventional printing apparatus
or method including, without limitation, sputtering,
flexographic printing screen printing or gravure printing

20 apparatus may be suitable for applying to substrate 12,
electrode 14, electrolyte 16 and counter electrode 18 as
formulated herein in order to assemble cell 10. A
presently preferred printing device is a rotogravure
printing apparatus. Preferably, therefore, positioner 24

25 and print stations 26, 28 and 30 are integrated in a
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ml|, preferably about 1 ml| to 10 ml, and nost preferably about 3
to 6 ml. Any el ectrol yte, whether solid, sem-solid or
liquid nust maintain a threshold | evel of noisture in the 5

el ectrolyte conposition in order for the electrolyte to performits
I ntended function. Accordingly, electrolyte 16 preferably conprises
at | east one woewosznt substance. The hunect ant nusPCHEST/18002

hygr oscopi ¢ properties sufficient to absorb and mai ntain noisture

t hr oughout the expected 10 useful service life of cell 10. Hunmectants
suitable for the present purposes any of several chlorine, sulfur
and bromumsalts with a preferred hunmectant being |ithium

brom de. The pl ating agent desirably assunes the form of
15 at |east one material that, under the influence of an appl i ed
EMF, electrochemcally bonds with or "plates out™ on the plating
agent receptor material of the el ectrode | ayer 14. Such

el ectrocheni cal rebegraymneaypbintinchepress whigdr nuAeallpyr ccowpeisedl ea
depending on the materials chosen 20 , for the plating agent and the

pl ating agent reB®btef ofsrotogravyye-PaiRy stafionsthe  intended  service
criteria of el ectrochrom c cell 10.

Optionally, terminals 20 and 22 may be placed in

electrical communication with electrode layer 14 and

5 counter electrode layer 18, respectively, as an added step
of the process of this invention. Terwminals 20 and 22 may

be comprised of any conductive material. Preferably,
terminals 20 and 22 are comprised of an electrically
conductive ink, such as silver, copper or the like, thus

10 allowing terminals 20 and 22 to bé printed by means

similar to that of the other layers of cell 10.

In the embodiment of this invention set forth in

Figures 1 and 2, terminal 20 may be printed prior to,
simultaneously with, or after the printing of electrode

15 layer 14. Likewise, terminal 22 may be printed prior to,
simultaneously with, or after the printing of counter

electrode 18.

Additional print stations may also be added to

the embodiment of the invention shown in Figure 2 for the

20 purpose of printing terminals 20 and 22. For example, a
print station for printing terminal 20 may be added
immediately preceding or succeeding print station 26.
Alternatively, print station 26 may be modified to

substantially simultaneously print both electrode layer 14
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When the el ectrochem cal reaction between the pl ati ng agent and

pl ati ng agent receptor is intended, for

- 30- i nstance, to be reversible, the plating
agent should be a substance which readily plates out on the plating
agent receptor when an appropriate EMF is applied and readily
separates fr w823l ati ng agent receptor and returns to PGITUSI7/E§§02
equilibriumstate (perhaps with the assistance of a "scrubbi ng
agent", discussed bel ow) upon the renoval or pol arity reversal of

t he EMF. The plating agent thus desirably conprises at

| east one salt conpound whose constituent ions separate 10 and
reunite, respectively, upon application and renoval (or reversal)
of a conparatively |ow EMF, such as a DC vol tage of about 1.5V, in
t he presence of a suitable counter electrode. Exanples of suitable
pl ati ng agents i nclude, without limtation, WOJerr], M{Jerr],
V[err]err], Nognst tjegména]l 2Ad Similarly, an additional print station

may also be added immediately preceding or succeeding
print station 30 for printing terminal 22. Alternatively,
print station 30 may be modified to substantially
5 simultaneously print both counter electrode layer 18 and

terminal 22.

Ags a further option, and prior to printing on
substrate 12, it is generally preferable to corona treat
substrate 12 to raise the surface tension or “dyne” level

10 of substrate 12, thereby énhancing tﬁé adhesion of the
printing inks to substrate 12. Ast is known, corona
treatment imparts a high voltage, low current, electrical
charge to the surface of substrate 12. Similar results
may likewise be achieved using plasmé‘tieatments and/or

15 other electrical, mechanical and chemical surface tension

enhancement treatments known in the art.

If the dyne level of substrate 12 is too low,
printing inks will tend to adhere in a non-uniform manner
and possibly form ink beads of non-uniform thickness on

20 the surface of substrate 12. However, if the dyne level
of substrate 12 is raiged, the inks will tend to adhere
more uniformly and with consistent thickness over the

surface of substrate 12.
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15 BiC[err] (bismuth trichloride). A presently preferred
conpound useful as a plating agent is bisnuth trichloride, whose
positively charged bismuth ions are drawn to and tenporarily bind
wi th the negatively charged plati ng agent receptor, e.g., indium
tin oxide, of the electrode |ayer 20 14 to produce a generally black
col ored vi si bwes/iiesie i n the el ectrode | ayer under ECR@SI¥8¢03ence of
t he applied EMF. Sinul taneously, the negatively charged chloride

i ons of the bismuth chloride plating agent are drawn to and
tenporarily bind with the positively charged counter

- 31- el ectrode |ayer 18 (described in
greater detail herei nafter). Upon renoval or
reversal of the EMF the positively charged bisnmuth ions are rel eased
fromthe 5 el ectrode layer plating agent receptor substance of

It will be apparent from consideration of the
remainder of this specification and the appended drawings
and claims that each of the features of the invention
described herein may be incorporated into any of the

5 embodiments discussed. For example, the embodiment of the
invention set forth in Figures 1 and 2 may also include
additional print stations for printing decorative inks
where desired. In particular, substrate 12, when
presented in the form of a 1layer of substantially

10 trangparent PVC, provides an excelle?t indicia bearing
surface. Accordingly, one or more ~Eiecorative inks of
various colors may be printed on substrate 12 prior to

' printing electrode layer 14. To the extent that both
substrate 12 and electrode layer 14 are substantially

15 transparent, decorative inks may be printed on electrode

layer 14 sc long as they do not interfere with the

function of layer 14 within cell 10.

Moreover, a base substrate layer 34 (as in

Figure 3) may be applied to counter electrode layer 18.

20 Substrate layer 34 may provide numerous advantages such
as, for example, protection of the printed surfaces,
provision of indicia bearing surfaces and/or provision of
electrical insulation by preventing electrochromic cell 10

from shorting to ground. Base substrate 34 may be

25 constructed from any of the materials from which substrate
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el ectrode 14, the negatively charged chloride ions are rel eased
fromthe counter electrode 18 and bisnuth chl oride reforns and
equilibrates in the electrolyte 16. To facilitate and expedite this
process, the electrolyte 10 16 optionally, and preferably, further
conprises a "scrubbing agent." The scrubbing agent shoul d
conprise a WO98/14825ui t abl e substance, such as a salt conpBEHESIT#8:e
positive ions have a greater chemcal affinity for the negatively
char ged pl ati ng agent receptor of 15 el ectrochrom c |ayer 14
than the positive ions of the aforenentioned pl ating agent when cel
10 is in an equilibriumstate, i.e., when no EMF is being applied or
when the polarity of the applied EM- is opposite to that appl i ed
when the desired el ectrochromc reaction is to 20 take place. Sinply
stated, positively charged ions of the scrubbi ng agent naturally
dlsplace the positively charged ions of the_plating agent at _the
bondi ng sites of 12his construslza@ulrrg:la!gléng' reeposr Lamieeddra.-0d¥C Ajbms 14

when cell 10 in eguilibrium
_32. of between about 0.4 to about 4 mil in thickness.

In addition, each printed layer of cell 10 may

be printed over the entire preceding layer or may be

.5 printed only on select portiohs of the preceding layer.
The shape of each printed layer is generally referred to

as “artwork” and is dictated by the shape and volume of

the image carriers etched into the print cylinders. Where

the artwork of the various layers would cause the

ey 10 electrochromic cell 10 to short (i.é., where electrode
layer 14 comes into direct contact with counter electrode

layer 18 thereby electrically bypassing electrolyte 16), a

layer of insulation, such as dielectric ink, may be
printed in the location at which eledtrode layer 14 and

15 counter electrode layer 18 would otherwise be in

electrical contact.

In at least one embodiment of this invention

(Figure 3}, a dielectric layer 38 may be provided protect
terminals 20 and 22 against the corrosive effects of

20 electrolyte 16. In the construction of cell 10,
electrolyte 16 is acidic and tends to leach through and
destroy the other component layers of cell 10.
Accordingly, if properly located, a dielectric layer will

substantially inhibit destruction of cell 10 by
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An exanple of a scrubbing agent having beneficial use in the
electrolyte 16 is copper (I1) chl ori de, although other substances

denonstrating the af orenenti oned scrubbi ng behavi or

may al so be

enpl oyed. 5 A presently preferred enbodi nent of electrolyte

16 is fornulated as a two-part electrol yte conposition,

each part of

whi ch has i ndepesidszs utility as a printable el ect r 8CYUBY/1BAGK .
However, when conbined in the manner described in Figure 10, the
parts coal esce into a unitary 10 mass having exceptional

el ectrolytic and structural integrity characteristics.

A first part of electrolyte conposition 16, hereinafter referred to
as "Electrolyte A", rapidly dries to the touch into an essentially

non-tacky state. 15 Electrolyte A is therefore well

suited to

subsequent processing in a high speed press. In a rotogravure press,

for exanple, Electrolyte Ais capable of readily receiving

addi ti onal | ayer lsictrpkgtei hl udi Merdsoter,f vifct Poerdrlandeositionedecdheat i ve

i nks wi t hout experiencing damage to itself, 20 wi t hout

interfering with

or inhibiting pl EEHERETEF MR¥eralso Prevepf | EETPHIRLS aRB AGhott 8GR ng

of downstream pri

] 1 . El | A'
g SO P s oS g

Where a dielectric ink is

utilized as an

5 insulation layer, single or multiple layers of dielectric

ink having a total thickness of between about 0.3 and 0.4

mil are preferred to achieve suitable insulation. For

example, two dielectric layers, each of between about 0.15

and 0.20 mil may be applied to cell 10.

Depending on

. 10 aesthetic and functional consideratidns, dielectric inks

may also be provided in a variety of colors.

Moreover, in some instances, graphic or other

suitable inks may be used as insulation between layers of

cell 10. Such insulation layers may not only provide

15 electrical insulation between layers, but also may prevent

adverse chemical <reactions from occurring between

chemically reactive layers. For example,

if the base

substrate 34 comprises a metallized layer and the counter

electrode 18 comprises a carbon baszed ink,

a layer of

20 graphic ink may be applied between the base substrate and

counter electrode layer. Applying such insulation serves

to inhibit potentially destructive chemical xeactions

between counter electrode 18 and the metallized layer of

substrate 34.
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hereinafter referred to as "Electrolyte B", retains a

-33- hi gher noi sture content than El ectrolyte A and
remai ns somewhat tacky upon deposition on a substrate. As a
result, Electrolyte B simultaneously serves as a source of noi sture
for and promptes a strong mechani cal connection 5 and el ectrochem cal
interaction Wydsydagsctrol yte A when the two el ect r oPGR/ESIN/EBPEY s cone
into contact with each other and, in addition, when the two

el ectrolyte layers conme in contact with el ectrode | ayer 14. In
addi tion, because of its tackiness, however, Electrolyte Bis 10
preferably applied as the final ink layer in a typical mul ti-station
printing pass of a substrate film sheet or web.

When enbodi ed as printabl e inks, each of El ectrolytes A and B
desirably conprise the aforesaid 15 pl ati ng agents and hunectants in
the foll owi ng proportions I n weight percent (Wt 9%:

fromabout 0.2 to about 1.1t wshdgldroferther be noted that each of the
layers comprising cell 10 may also be provided in a
variety of colors to suit the functional and aesthetic

requirements of any device comprising cell 10.

5 A suitable bonding material such as pressure
sensitive adhesive may also be applied to any layer of
cell 10 such ag counter electrode 18 for the purpose of
affixing, either permanently or temporarily, cell 10 to a
flexible or rigid surface external to cell 10. The

e 10 ponding layer may be applied by a printing station on a
rotogravure press or other suitable printing apparatus.
The bonding material may. be appliéd over the entire
surface of the relevant layer(s)  of cell 10 or,
alternatively, in a predetermined pattern so as to avoid
i5 both interference with the electrical communication

between the functional components of cell 10 and obscuring

of any graphics present on or in the cell.

In the embodiment of the invention depicted in

Figures 1 and 2, the bonding material may be applied, for

20 example, to the outer surface of counter electrode layer
18 either at print station 30 or at a separate print
station. Where a pressure sensitive adhesive is employed,

a suitable release paper is desirably applied over the

adhesive after application of the adhesive to, for
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preferably about 0.6 w 9% plating agent; and f rom about
4 to about 10 wt % nore preferably 20 about 7 wt % hunectant.

Both Electrolyte A and El ectrolyte B should be applied wth
essentially uni form consi stency and predi ctabl e thickness and in
virtually any desirable pattern on any flexible or
rigid substr apeodiiasys i s capabl e of functioning as aPERUSST/a82
surface. I n extensive research and devel opnent whi ch cul m nat ed
in the present i nvention, the present inventors have di scovered that
5 certain quantities and conbinations of solvents and

bi ndi ng agents, when selectively coupled with the plating agent s
and hunect ant s descri bed above, produce el ectrolytic i nk
materi al s havi ng favorabl e el ectrochem cal properties and,
generally, the desirable 10 physical characteristics of either

El ectrolyte A or El ectrol yte B.
example, counter electrode 18. So congtructed, cell 10

effectively serves as a pressure sensitive adhesive label.
Due to the thin film characteristics of the resultant
label, cell 10 may thus be applied to virtually any
5 gsuitable sgurface such as, for example, signage, graphics
displays, merchandising displays, wristwatches and dry

cell batteries, among others.

Becauge they are well suited high speed printing

applications where cell 10 may be rapidly produced in

f”" 10 large quantities, rotdgra&ure prinfiﬁg apparatus and
processes are especially preferred in practicing the
present invention, particularly when cell 10 includes a
flexible substrate layer 12. And, because each layer of

cell 10 may be printed on webs or shéets of substrate 12

15 (which webs may range in width from between about several
inches to several feet}, numerous cells may be
simultaneously printed depending on the particular
dimensions of cell 10. The printing cylinders contained

in each print station may also be engraved to accommodate

20 simultaneous printing of multiple cells 10 per rotation of
each of the printing cylinders. The number of cells
printed per rotation will largely depend upon the
dimensions of both the cells 10 and the individual
printing cylinders. Web speeds in excess of 100 feet per

25 minute have been achieved in producing multiple cells 10
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Electrolyte A a rapid drying, essentially non-

tacky electrolytic

i nk therefore preferably further conpri ses: 15 from
about 10 to about 60 wt % nore preferably about 40 Wt % of a
sui t abl e organi c sol vent including, wi thout limtation, an al cohol
such as ethyl, isopropyl, normal propyl or methyl alcohol; or
acetate such wooshdsys , | sopropyl, normal propyl or PeETUgH7I8EL at e;

al cohol and 20

80/ 20 et hyl alcohol/normal propyl acetate blend; - ketones;
toluene, and the |ike; and fromabout 2 to about 30 wt
nore preferably about 8 wt % of polyvinyl butyral, polyvinyl

chl ori de, - 35-

acrylic, nitrocellul ose, and copol yners of vinyl chloride, e.g.
ethyl acrylic acid (EAA)/vinyl chloride, as a bi ndi ng agent.

10

15

20

acetate blends, a presently preferred bl end being an

on a substrate web of approximately 20 inches in width and
with print cylinders of approximately 7 inches in diameter
and 24 inches in length by the apparatus and process of

this invention.

When multiple cells 10 are produced on a
substrate web 12, the surface of the web opposite the
printed cells 10 is preferably coated with a pressure
sensitive adhesive and then covered by suitable release
paper. The web containing the assembled cells 10 may then
be easily separated into individual ‘cells 10 by die
cutting techniques. Hence, the release paper functions as
a flexible support and storage medium for the assembled
cells. When so disposed, the cells may conveniently
remain on the release paper for later manual or automatic
removal and use such as, for example, by automated
labeling equipment. Waste material or matrix between each
printed cell 10 may be stripped away and disposed of and
the cells 10, being supported by a web of release paper,
may then be rewound at a rewind station onto a spool or
roll for inspection, editing, packaging and shipping of

the completed roll.

It is also contemplated that various components
of electrochromic cell 10 may be inspected as cell 10 is

assembled as well as after cell 10 is completely

46~
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And, Electrolyte B, a tacky electrolytic ink 5 preferably further

conpri ses: fromabout 15 to about 50 wt % nore

preferably about 35 wt % of water, alcohol (e.g., ethyl,

I sopropyl, normal propyl, nmethyl or butyl alcohol) or an aqueous

al cohol solution (a presently preferred solution being an 10 80/ 20

wat er /i sopr opwi sght482d101 sol ution) as a solvent; and PCT/US97/18002 from

about 2 to about 30 wt % preferably about 22 Wm % of either

pol ysaccharide, nitrocellul ose, hydr oxyet hyl cellulose, acrylic,

vinyl, or a copolymer of vinyl chloride as a binding agent. 15

If desired, the electrolyte conposition may al so contain one or

nore pignments to achieve at | east one desired visual effect in the

el ectrochromc cell 10 before, during and/or after occurrence of

t he i ntended el ectrochrom c reaction. 20 The

af orenenti oned essential and optional constituents of electrolyte

| ayer 16 and el eeesedsladyerSuch indpéctrapnbemagonbenediabpalany asdfdmbl e

processes. For i nstance, they may be conbined in the quantities

ment i oned automatically conducted eithgr during the assembly
process and/or after cell 10 is completed. On-line or
off-line inspection methods and techniques may be

5 employed.

Such inspection methods and techniques may
utilize optical or other automated inspection systems
known in the art. Optical vision systems may be utilized
at each print and/or assembly station, at select print

10 and/or assembly stationsf“and at anyiother point during
or after the assembly of cell 10. Any perceptible
characteristic of any component of cell 10 may be
inspected such as, for example, the longitudinal and/or
lateral registration of each priﬁted layer, the

15 longitudinal and/or lateral registration between each
cell 10 as multiple cells 10 are printed on a continuous
substrate web, the thicknesses of each layer, (whether
printed or prefabricated), the color of each layer, and

the clarity of printing of each layer.

20 The electrical properties of the various
components of electrochromic cell 10 may also be tested
by either on-line or off-line testing procedures. For
example, the overall resistance or voltage draw of any of

the Jlayers of the electrochromic cell 10 such as
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I n batch or continuous processes at normal atnospheric pressure and
t enperature conditions. As previously nentioned, counter
el ectrode 18 is negatively charged and therefore functions as an
anodi c 5 el ectrode in cell 10. Counter electrode 18 may conprise

any material of sufficient electrical conductivity to pronote the
desired el ectwoobmszal reaction of cell 10, and whiPEWUP%/18W92 t abl e
for adhesion to electrolyte |ayer 16 and, preferably, any other

| ayers of cell 10 with which 10 counter electrode 18 will be in
contact: The thickness of counter el ectrode 18 nmay be between about
0.05 ml| and about 5 ml, and is preferably about 0.3 ml| to 0.5
mil. | nks usabl e as counter el ectrode 18 include

carbon based, silver based, nickel based and other 15 sui tabl e
conductive material based inks. A carbon based I nk suitable for use
In the present invention is stock nunber SS24600 nmanuf actured by
Acheson Col | oi ds edsapaese of layer 14ortelegtoiplyMechilgsiRr The prcefieterd

t hi ckness of this fqQrmul ati on of carhon based.i nk when,applied as
counter 20 ° eFéEFFBﬂ%e! E?L‘?rlési's Efé?"%é@grsab?dht agdq %ndaﬁg@% ptherg
I's preferably ab%ﬂ[’npgnélnﬁglmay be tested during the assembly process.
Each component may be tested individually and/or
5 cumulatively during assembly and the results compared

against known tolerance ranges,

If such testing indicates that any component or
gseries of components are outside acceptable tolerances, a

signal indicating that adjustment is necessary may be

TR

10 sent to an operator of the press for manual adjustment of
the press. Alternatively, the indicating signal may be
automatically fed back to a computerized press control
system for automatic adjustment to correct the problem.

e The press may also be manually or automatically shut down

15 should any component or series of components fall outside
of acceptable tolerances. Of course, all such testing

may also be conducted by off-line procedures.

Figure 3 illustrates an exploded view of vyet

another embodiment of the layers of cell 10 produced

20 according to yet another embodiment of this invention.
Cell 10 may be used to indicate the relative voltage drop
across terminals 20 and 22. Figure 3 further illustrates

how various forms of printed artwork may be employed by

the process of this invention.
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Figure 2 depicts, in schematic form a sinplified apparatus
and nethod for assenbling the essential conponents of the
el ectrochromc cell 10 of - 37-
Figure 1. Substrate 12 is positioned by a | am nate substrate
positioner 24 in a first print station 26 where an el ectrode | ayer
14 is appliedydogssstrate 12. Substrate 12 is thepCpuss7it$oghed by
positioner 24 ina 5 second print station 28 wherein a | ayer of
el ectrolyte material 16, which may correspond generaliy to
El ectrol yte A described above, is applied to el ectrode | ayer 14.
Finally, substrate 12 is positioned by positioner 24 in a third
print station 30 where counter electrode layer 18 is 10 applied to
el ectrolyte |layer 16. Posi tioner 24 may conprise any
devi ce, such as an mechani zed unwi nd station or any manua
I nteraction required to position substrate 12 in print stations 26,
28 The embodiment of cell 10 depicted in Figure 3
may be utilized in any application in which a quantitative
indication of the relative voltage drop across terminals
20 and 22 is desired. For example, the state of charge of
5 an EMF 32 (Figure 1) such as a dry cell battery may be
detected where the electrodes of EMF 32 are in contact

with terminals 20 and 22.

When an EMF 32 source, such as a dry cell

battery, is connected acrogs terminals 20 and 22,

10 electrode layer 14, which is in the form of individual
segments positioned across voltage divider 36, undergo an
electrochemical reaction in the form of a change in color.

With the artwork configuration of Figure 3, the number of -
segments of electrode layer 14 which change color is

15 proportional to the voltage present across terminals 20
and 22. In other words, the more segments of electrode

layer 14 which change color, the higher the voltage
present across terminals 20 and 22. Thus, higher voltage

and number of segments 14 which change color translate,

20 where a dry cell battery is being tested, into higher

charge remaining in the battery.

Cell 10 of this embodiment comprises substrate
12 upon which layers of electrode material 14, voltage

divider 36, comprising both terminals 20 and 22, and
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and 30.

printing apparatus or, in the alternative,
stations of a single nulti-station

Print stations 26, 28 and 30 may conprise 15 I ndi vi dual

conventi onal
limtation,

gravure pri ntwogs/i4ats

12,

preferred printing device is a rotogravure

di screte printing
printing apparatus. Any

printing apparatus or method including, wthout
sputtering, fl exographic printing screen printing or
apparatus nmay be suitable for appl PCogis7as®ubst r at e

el ectrode 14, electrolyte 16 and counter el ectrode 18 as
formul ated herein in order to assenble cell 10. A presently

printing apparatus.

Preferably, therefore, positioner 24 25 and print stations 26, 28 and
30 are integrated in a - 38-

rotogravure printing press which usually conprises a series of
rotogravure print stations. Optionally, termnals 20 and
22 may be placed in el ectrical comunication with el ectrode | ayer 14
and 5 count émseletingpde dimjerctidc r ewpeerialel y,38as areaddauristtegd.

[T

"10

15

20

Preferably, substrate 12 comprises a PVC film, electrode
layer 14 comprises an ITO ink, voltage divider 36
comprises a conventional silver ink and insulating layer

38 comprises a dielectric ink.

Optionally, base substrate 34 may also be
included in the embodiment of cell 10. Substrate 34 may
comprigse any of the materials described above in
connection with the previous embodiment. However, in this
embodiment, substrate 34 preferably égﬂﬁ;ises at least one
PVC layer and may also additionally comprise layers of
graphic inks and/or wvacuum depositea, metallized layers

such as aluminum.

In one emwbodiment, substrate 34 may comprise a
layer of aluminum vacuum deposited on a layer of
shrinkable PVC film and a layer of non-shrinkable PVC film
adhesively affixed to the aluminum layer. A layer of
pressure gensitive adhesive may be applied to the surface
of the shrinkable PVC opposite that of the vacuum
deposited aluminum., The pressure sensitive adhesive
allows bonding of cell 10 to any desired surface such as,
for example, the surface of a sign display, a dry cell

battery or wristwatch. Preferably, a layer of release
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of the process of this invention. Termnals 20 and 22 may be
conpri sed of any conductive material . Pref erably, termnals 20 and
22 are conprised of an electrically conductive ink, such as silver
copper or the like, thus 10 allowing termnals 20 and 22 to be printed
by means simlar to that of the other layers of cell 10.
In the enbodiwengi4eis this invention set forth in Fi garmss7aseand 2,
termnal 20 nay be printed prior to, simul taneously with, or after
the printing of electrode 15 | ayer 14. Likew se, termnmal 22 may be
printed prior to, simul taneously with, or after the printing of
count er el ectrode 18. Addi tional print stations
may al so be added to t he enbodi nent of the invention shown in Figure
2 for the 20 purpose of printing termnals 20 and 22. For exanple, a
print station for printing term nal 20 may be added I medi atel y
precedi ng or succeeding print station 26. Alternatively, print
station 26 may bpapedi fisgd be added <$wbhstawer aldthe sprassareowEsngipivat

- 39-

both el ectrode | ayer 14
adhesive.

Numerous other configurations of substrate 34

are possible depending on the particular application for

5 which cell 10 is intended. For example, PVC may be
substituted by any other thin film material suitable for
passing through a rotogravure press. Such materials may
include other plastic materials, papers, metal sheet,

metal foils, composites and the like to which inks or

E I TEY

10 other materials may be deposited.

Turning now to the specific characteristics of
the printed layers of cell 10 depicted in Figure 3,
electrode 14, electrolyte 16, couﬁter electrode 18,
dielectric 38 all may comprise the materials of cell 10

15 substantially at the thicknesses zet forth above.

Voltage divider 36 may comprise the same or

similar materials as terminals 20 and 22 get forth above.

In its preferred embodiment, voltage divider 36 comprises

a layer of conventional silver ink which provides good

20 conductivity and does not promote corrosion. The
thickness of voltage divider 36 is preferably between

about 0.25 and 0.50 mil. The voltage divider 36 of this
embodiment is configured to form two resistors (preferably

one fixed and one variable) in series with electrode laver

-51-



and termnal 20. Simlarly, an additional print station may al so
be added i nmedi ately precedi ng or succeedi ng print station 30 for
printing termnal 22. Alternatively, print station 30 may be

nodi fied to substantially 5 si mul taneously print both counter

el ectrode | ayer 18 and term nal 22. As a further
option, and pwoDosgn4sEs printing on substrate 12, it PETASITA%G8E | y
preferable to corona treat substrate 12 to raise the surface
tension or "dyne" level 10 of substrate 12, thereby enhancing the
adhesi on of the printing inks to substrate 12. As is known,
corona treatnent inparts a high voltage, |low current, electrica
charge to the surface of substrate 12. Simlar results may

| i kew se be achieved using plasma treatnments and/or 15 ot her

el ectrical, nmechanical and chem cal surface tension enhancenent
treatnents known in the art. I f the dyne | evel of
substrate 12 is 160 &widy, counter prlesttimodei nkayen | L8t end Pesiadipdiye | bhe
non-uni form manner | .and possibly formink beads of non-uniform

t hi ckness on 2oconf%$+er%q}|°paeg veleagntdigtidero36 fLgnefdpcted IneAtIyHR

level of sugsprate #Zlis rai sed, . the iqé%? 'Iliggfdlk%_ dherei
more uniformy aR8%wi YAFHAEi sORFTThi ERfesE 'S %ﬁ §?Ir1f’30e f
substrate 12. electrode material 14.

5 As has been mentioned hereinabove, for proper
functioning of any electrochromic cell the electrolyte
component thereof must not only be capable of promoting a
desired electrochemical reaction between itself and the
cathodic and anodic electrodes but it must also prevent

10 shorting between the electrodes. fﬁé’iétter requirement
is especially significant in appliéations where the
electrochromic cell 10 according to the present invention
is fabricated using one or more flexible substrates such
as layers 12 and 34, and particularly when the electrolyte

15 layer 16 1is substantially viscoelastic throughout its
service life, as it is according to at least one preferred
embodiment of the invention. Consequently, the generally
gelatinous and viscoelastic electrolyte layer 16 could
become subject to substantial localized compressive forces

20 during manufacture, shipping, handling and usage which
might cause the electrolyte layer to compress to a point
whereby electrode layer 14 comes into contact with counter
electrode layer 18 thereby causing electrochromic cell 10

to short circuit and perhaps suffer irreversible damage.
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- 40- It will be apparent from

consi deration of the remai nder of this specification and the
appended draw ngs and clains that each of the features of the
i nvention descri bed herein may be incorporated into any of the 5

enbodi nents di scussed. For exanple, the enbodi nent of the

I nvention setwbesads2s n Figures 1 and 2 nay al so incl ude PCT/USOTHEAR t | onal

print stations for printing decorative inks where desired. In

particular, substrate 12, when presented in the formof a |ayer

of substantially 10 transparent PVC, provides an excellent indicia

beari ng surface. Accordingly, one or nore decorative inks of

various colors may be printed on substrate 12 prior to printing

el ectrode | ayer 14. To the extent that both - substrate 12 and

el ectrode | ayer 14 are substantially 15 transparent, decorative inks

may be printed on el ectrode | ayer 14 so |ong as they do not

interfere with the The present invention therefore also
contemplates means 100 for resisting compression of the
electrolyte layer 16. According to the invention, as
shown in Figures 4 through 7, such means may be separate

5 from and/or integral with the electrolyte layer.

Turning initially to Figures 4 and 5,
electrochromic cell 10 comprises a substrate 12, electrode
layer 14, electrolyte layer 16, and counter electrode
layer 18 having compositions and thicknesses consistent

R K with their counterparts previously discussed in connection
with Figures 1 and 3. As such, thé details of these
components will not be described in fﬁrther detail herein
except where their characteristic features materially
depart in structure, composition and/or function from

15 their aforementioned counterparts or where it is otherwise

necessary for a proper understanding of the invention.

As is perhaps most clearly seen in PFigure 7, in
its simplest form the means 100 for resisting compression
of the electrolyte layer 16 may comprise means

20 incorporated in the mass of electrolyte material itself
for enhancing the structural strength of the electrolyte
layer by reducing its ability to flow and compress under
the influence of externally applied forces. Such means

may comprise any suitable force distributing material, foxr
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function of layer 14 wthin cell 10. Mor eover, a base

substrate layer 34 (as in Figure 3) may be applied to counter

el ectrode | ayer 18. 20 Substrate | ayer 34 may provi de numerous

advant ages such as, for exanple, protection of the printed surfaces,

provision of indicia bearing surfaces and/or provision of el ectrical

i nsul ati on byweusseMest i ng el ectrochronic cell 10 f r oPETEHFEP g to

gr ound. Base substrate 34 may be 25 constructed from any of the

materials from which substrate - -41-

12 is constructed including, but not [imted to, PVCfilns of

bet ween about 0.4 to about 4 m | in thickness. In

addi tion, each printed layer of cell 10 may be printed over the

entire preceding |layer or may be 5 printed only on select portions of

t he preceding | ayer. The shape of each printed |layer is generally

referred to as "artwork" and is dictated by the shape and vol une of
example, fibrous and/or particulate material. An

especially preferred material is a plurality of
miniaturized substantially spherical particles referred to

simply herein as “spheres” 102 which may be used alone (as

5 illustrated) or in combination with other particulate
and/or fibrous material that may be combined and deposited

with the electrolyte material 16. The spheres 102 may be

solid or hollow (as illustrated). They may be fabricated

from any substantially rigid material such as glass or

10 plastic that can be formed into extremely small spheres of
less than about 50um in diameter, more preferably less

than about 20um, and still more prefe:ably less than about

10pm, by processes known in the art. Suitable spheres for
purposes of the present invention include hollow glass

15 spheres manufactured by Potter Industries, Inc. of
Parsippany, New Jersey. The spheres 102 are preferably
combined and mixed with the electrolyte material 16
formulated according to the present invention (e.g.,

either or both of Electrolyte A and Electrolyte B

20 discussed above) prior to deposition to ensure substantial

uniform distribution of the spheres throughout the

electrolyte matrix material upon deposition thereof.

Because of their substantially spherical shape,
which shape inherently possesses exceptional force

25 distribution and transmission characteristics, the spheres
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the image carriers etched into the print cylinders. Were t he

artwork of the various |ayers would cause the 10 el ectrochromc cell 10
to short (i.e., where el ectrode | ayer 14 cones into direct contact
wi th counter el ectrode | ayer 18 thereby electrically bypassing

el ectrolyte 16), a | ayer of insulation, such as dielectric ink, may
be priwdemiss2s the | ocation at which el ectrode | ayerPCRAUSATiEB002]1 5
counter electrode layer 18 would otherwise be in el ectrical
cont act . In at | east one enbodi nent of this invention
(Figure 3), a dielectric layer 38 may be provi ded protect termnal s

20 and 22 against the corrosive effects of 20 el ectrolyte 16. I n

the construction of «cell 10, el ectrolyte 16 is acidic and tends
to | each through and destroy the other conponent |ayers of
cell 10. Accordingly, if properly located, a dielectric layer wll

substantially

-42-
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10

15

20

25

I nhibit destruction of cell 10 by

102 provide an excellent means for resisting the impacts

and other mechanical shock that may be encountered by cell

10 under normal manufacturing, shipping, handling and
usage of the cell. And, because their generally swooth
and rounded exterior enables the viscoelastic electrolyte
material to envelop éhe spheres 102 in an essentially
continuous matrix, the spheres pose no material obstacle
to migration of the plating agent ions (or scrubbing agent

ions) during operation of the cell 10.

Wi

Alteérnatively or in addifion to compression
resistant means incorporated in electrolyte layer 16, the
means 100 for resisting compression of the electrolyte
layer may also comprise at least one layer of compressive
force resistant material 104 disposed between the
electrolyte layer 16 and either or both the electrode
layer 14 and the counter electrode layer 18. For
simplicity of illustration and discussion, only one such
layer 104, shown disposed between the electrode layer 14
and electrolyte 16 in Figures 4-7, is described in detail.
It will be understood that such description is likewise
applicable to any layer of compressive force resistant
material that may be disposed between the electrolyte
layer 16 and the counter electrode layer 18, or between
the electrolyte layer and any layers interposed bétween it

and the electrode and/or counter electrode laver({s).
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el ectrolyte 16. Mreover, if properly positioned, the dielectric
may al so prevent termnals 20 and 22 from shorting out to counter

el ectrode 18. Wiere a dielectric ink is utilized as an

5 insulation |ayer, single or multiple layers of dielectric I nk
having a total thickness of between about 0.3 and 0.4 ml| are
preferred to wolsmises sui tabl e i nsul ation. For ex areraISow15e02
dielectric layers, each of between about 0.15 and 0.20 m | may be
applied to cell 10. Dependi ng on 10 aest hetic and functi onal

consi derations, dielectric inks may al so be provided in a variety of
col ors. Mor eover, in sone instances, graphic or other
suitabl e i nks nay be used as insulation between |ayers of cell 10.
Such insulation | ayers may not only provide 15 el ectrical insulation
bet ween | ayers, but al so may prevent adverse chem cal reactions
from occurring between chemcally reactive | ayers. For exanpl e,
i f the base subst r Aeckfiiegmubi sepreseatrdly| prefetrsadremgtineat ,
counter el ectrode 18 conprises a carbon based ink, a layer of 20
graphic ink may BéY&ppllitdd PEeiRE@Plyhecorprdisegbslt ateaghd one layspupfer

clecty ode, Laer, AP NG Besboll 130 L0 BSUNSS s, b1 Tt  one
18 and the nEtalh.ie%hkgxeﬁanbe appliéﬁﬂ%%réﬁé%é¥%de layer 14 prior to
5 electrolyte layer 16 by any of the aforementioned printing
apparatus or methods. Alternatively, layer 104 may be
preformed and thereafter applied to electrode layer 14 in
advance of electrolyte layer 16. The preferred thickness
of layer 104 is from about 0.5 to 1.0 mil in order to
10 minimize the cross-sectional profile of the cell 10
without compromising the force resistance characteristics

of layer 104.

Layer 104 may configured as a continuous,

regularly shaped (e.g., solid rectangular) arrangement.

15 Preferably, however, the layer 104 defines a discontinuous
arrangement. The term "discontinuous" when used to
describe layer 104 merely means that the layer 104 defines

a practical measure of open space within its areal
boundaries. Such open space permits flow of the electrode

20 layer 16 into such open space sgo that the electrolyte
material 16 sufficiently contacts the electrochromic layer

14 upon assembly of cell 10.

The discontinuous arrangement of layer 104 may

be a random or amorphous shape. Preferably, however, the
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- 43- It should further be noted that
each of the | ayers conprising cell 10 may al so be provided in a
variety of colors to suit the functional and aesthetic requi renents
of any device conprising cell 10. 5 A sui tabl e bondi ng
material such as pressure sensitive adhesive may al so be applied to
any | ayer of wo9sn4a826ell 10 such as counter el ectrode 18 fACHYR”I¥M2p0se of
af fi xing, either permanently or tenporarily, cell 10 to a flexible
or rigid surface external to cell 10. The 10 bondi ng layer may be
applied by a printing station on a rotogravure press or other
suitabl e printing apparatus. The bonding material may be applied
over the entire surface of the relevant layer(s) of «cell 10
or, alternatively, in a predeterm ned pattern so as to avoid 15
both interference with the electrical comunication bet ween t he
functional conponents of cell 10 and obscuri ng of any graphics
present on or in dbhecagdlinuous arrangement defines an identifiable pattern,

an illustrative but non-limitative example of which is
depicted in Figure 6. In that figure, the pattern
established by the discontinuous arrangement is generally

5 rectangular configuration interrupted by one or more
pockets 106. Pockets 106 way be any polygonal or
curvilinear shape and can be of uniform or non-uniform
sizes. The pattern for defining the pockets 106 does not
necessarily have to produce one or more pockets of

10 closed-cell configuration.  That is, the discontinuous
arrangement may be simply a plurali}:'y of substantially
parallel rows of material, which rows may be straight,
curved, sinusoidal, sawtoothed or otherwise defining or
identifiable pattern providing open space through which

15 electrolyte 16 may flow to contact electrode layer 14.

Moreover, to further enhance the structural
strength of layer 104, such layer may also include
supplemental compressive strength enhancing material such
as fibrous material, particulate material or a plurality

20 of spheres 108 (Figure 7) similar in size, shape and
function to the spheres 102 that may also be incorporated
in electrolyte material 16, or any combination of such

materials.
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In the enbodi ment of the invention depicted in Figures 1 and 2, the

bondi ng material may be applied, for 20 exanple, to the outer surface
of counter el ectrode |ayer 18 either at print station 30 or at a
separate print station. Wiere a pressure sensitive adhesive is

enpl oyed, a suitable rel ease paper is desirably applied over the
adhesi ve aft ewosppBiscati on of the adhesive to, for PCT/US97/18002

-44- exanpl e, counter electrode 18. So
constructed, cell 10 effectively serves as a pressure sensitive
adhesi ve | abel . Due to the thin filmcharacteristics of the

resul t ant | abel, cell 10 nmay thus be applied to virtually any 5
sui tabl e surface such as, for exanple, signage, graphics di spl ays,
mer chandi si ng di spl ays, wristwatches and dry cell batteries, anong
ot hers. Because they are well suited high speed printing

Figure 8 <depicts, in schematic form, an

apparatus and method for assembling electrochromic cell 10

of Figure 3. It will be understood that similar apparatus

and methods may be wused to assemble the other

5 electrochromic cells 10 described herein and similar such
cells that may be constructed pursuant to the teachings of

the present invention. The preferred method of assembly

and application of the various layers on substrate 12 is

by printing. And, when printing is employed to assemble

10 cell 10, most preferably, the printing process is carried

qut on a rotogravure press.

Initially, substrate 12 is desirably positioned
by positioner 24 in corona treatment station 40 where the
dyne level of substrate 12 is increased. Although corona

15 treatment is a preferred step in the process of this
invention, it is not required to produce a functional cell

10.

Substrate 12 is then positioned by positioner 24

in at 1least one electrode print station 26 wherein

20 electrode layer 14 is applied to substrate 12. Substrate
12 is next positioned by positioner 24 in at 1least omne
voltage divider print station 42, wherein voltage divider

36 is applied so as to be in electrical communication with

electrode layer 14 and wherein cell 10 will operate as
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applications where cell 10 may be rapidly produced in 10 | ar ge
quantities, rotogravure printing apparatus and processes are
especially preferred in practicing the present invention,
particularly when cell 10 includes a fl exi bl e substrate | ayer 12.
And, because each | ayer of cell 10 may be printed on webs or sheets
of substrat e W3 os/ild82s (whi ch webs may range in w dth froRCHEEWAENE2 about
sever al inches to several feet), nunerous cells nmay be
sinmultaneously printed depending on the particular - dinensions
of cell 10. The printing cylinders contained In each print station
may al so be engraved to accommpdate 20 si mul t aneous printing of
multiple cells 10 per rotation of each of the printing cylinders.
The nunber of cells printed per rotation will largely depend upon
t he di mensi ons of both the cells 10 and the individual
printing cylinders. Wb speeds in excess of 100 feet per 25 m nut e have
been achi eved i n desotibedg alpovei pl e Suékhblg 0 openings 36a and 38a are
-45-

provided in voltage divider 36 and dielectric 38 to allow

electrolyte layer 16 to be in communication with electrode

segments 14.

5 Voltage divider 36 desirably contacts electrode
segments 14 on each end of each segment so as to cause the
segment 14 closest to negative terminal 20 to change color
first during the electrochemical reaction. Each successive
segment 14 next closest to positive terminal 22 will also

T " iD change color in a sequéntial manner until a steady state
is reached in the electrochemical reaction. With this
configuration, an increased number of segments 14 will
change color with an increase in the voltage drop across
terminals 20 and 22. Conversely, as the voltage drop

15 approaches zero, few or no segments 14 will change color.

The electrochromic cell construction thus
depicted in Figure 3 may be considered a device by which
an EMF wvoltage may be quantitatively determined. By
contrast, lacking a designated voltage divider such as

20 voltage divider 36, the embodiment of cell 10 shown in
Figure 1 (and similar cell constructions) wmay be
conceptualized as capable of providing a qualitative
measure of an applied EMF voltage. For instance, rather

than a graduated type scale, electrode layer 14 may be
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on a substrate web of approximately 20 inches in width and W th

print cylinders of approximtely 7 inches in dianeter and 24 inches
in length by the apparatus and process of this invention. 5

Wen nultiple cells 10 are produced on a substrate web 12,
the surface of the web opposite the printed cells 10 is preferably
coated w th awpregrsses e sensitive adhesi ve and t henPCTASY7HE00RY

sui tabl e rel ease paper. The web containing the assenbled cells 10
may then 10 be easily separated into individual cells- 10 by die
cutting techniques. Hence, the rel ease paper functions as a

fl exi bl e support and storage nediumfor the assenbl ed cells. When
so disposed, the cells may conveniently remain on the rel ease
paper for later manual or automatic 15 removal and use such as,

for exanple, by autonmated | abel i ng equi prent. Waste material or
matri x between each printed cell 10 may be stripped away and

di sposed of and printed &beagetdsdidplageiangimpppomeedady suakelmsofrcoobease
paper, may then be rewound at a rewind station onto a spool or 20

rol | for inspectican, "REFLACEY, wpaek&yengrahdedhEYPi sgceeds, or fahés to

conpleted roll. |t is.also contenplated that various
conponent s exﬁFegré%ﬁFﬁ@ﬁFSﬁ?bn%%FPrfﬁhﬂﬁg Ynspected as cell 10 is
assenbl ed as well as after cell 10 is conpletely
- 46- Substrate 12 is next positioned by positioner 24

5 in at 1least one dielectric print station 44, wherein

dielectric 38 is applied so as to insulate electrochromic
segments 14 and voltage divider 36 from electrically
shorting to counter electrode layer 18. As noted above,
an opening 38a is provided in dielectric 38 generally in
10 “alignment with opening 36a of voltage divider 36 to allow
electrolyte layer 16 to be in electrical communication
with electrochromic segments 14. A '-second opening or
notch 38b is also provided in dielectric 38 to allow a
branch 36b of voltage divider 36 to be in electrical
15 communication with counter electrode 18 without shorting

out counter electrode 18 with electrode segments 14.

Substrate 12 is next positioned by positioner 24
in at least one electrolyte print station 28, wherein at
least one electrolyte layer 16 is applied to electrode

20 segments 14, by virtue of aligned openings 36a and 38a,
without contacting voltage divider layer 36. Finally,
substrate 12 is positioned by positioner 24 in at least
one counter electrode print station 30, wherein counter

electrode layer 18 is applied so as to be in electrical
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assenbl ed. Such

i nspection may be nmanually and/or

automatically conducted either during the assenbly process and/ or
after cell 10 is conpleted. On-line or off-line inspection

met hods and techniques nmay be 5 enpl oyed. Such

I nspection net hods and techni ques may utilize optical or other

aut omat ed i NSwoOkL48Es SYSt ens known in the art. Opti e@l/usd74808n
systens may be utilized at each print and/or assenbly station, at
select print 10 and/ or assenbly stations, and at any other point during
or after the assenbly of cell 10. Any perceptible

characteristic of any conponent of cell 10 nay be | nspected such as,
for exanple, the |ongitudinal and/or | ateral registration of each
printed | ayer, the 15 | ongi tudinal and/or lateral registration

bet ween each
cont i nuous

printed or prefabomoatishtionhewtth oreldcteadgtbaybayerand e

of printing of e

10

15

20

cell 10 as nultiple cells 10 are printed on a
substrate web, the thicknesses of each |ayer, (whe

ach | ayer.
divider 36 without shorting out to electrochromic segments

14.

Optionally, substrate 12 may next be positioned
in a base substrate layer applicator 46, depicted in
Figure 9, wherein base substrate 34 may be applied to cell
10, and preferably to counter electrode 18. In at least
one embodiment of this invention, components 14, 36, 38,
16 and 18 are enveloped between laminate substrate 12 and
base substrate 34 while ‘passing through applicator 46.
Substrate 34 may also be applied to cell 10 in applicator
46 by any means suitable to affix suﬁ%trate 34 to cell 10
without interfering with the functional or aesthetic
characteristices of c¢ell 10. Such affixation techniques
may include lamination, pressure sensitive adhesives and

the like.

Base substrate applicator 46 may comprise any
components capable of positioning and affixing base
substrate 34 to cell 10. In Figure 9, which substantially
represents a press suitable for carrying out the
objectives of the present invention (such as a rotogravure
press), it is seen that base substrate applicator 46 may
comprise a registered laminating means 50. Registered

laminating means 50 is primarily concerned with aligning,
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20 The electrical properties of the various

conponents of electrochromc cell 10 nmay al so be tested by either
on-line or off-line testing procedures. For exanpl e, the overal
resi stance or vol tage draw of any of the | ayers of the

el ectrochrom c cell 10 such as -47-

el ectrode | aywerssi4Bas el ectrolyte |ayer 16, counter PCT/USYYIEWR r 0de
| ayer 18, terminals 20 and 22 and/or ot her conmponents may be tested
during the assenbly process. Each conmponent may be- tested

I ndi vidual ly and/or 5 cunmul atively during assenbly and the results
conpar ed agai nst known tol erance ranges, I f such
testing indicates that any component or series of conponents are
out si de acceptabl e tol erances, a signal indicating that adjustnent
IS necessary may be 10 sent to an operator of the press for manual

adj ust nent of
registering and laminating base substrate 34 with printed

laminate substrate 12.

Registered laminating means 50 may comprise any

means for affixing base substrate 34 to cell 10 printed on

5 laminate substrate 12. For example, adhesgive, laminatien,
heat sealing or any other affixation means may be
utilized, provided that the functional and aesthetic

objectives of cell 10 are achieved.

. o _Base substrate applicator 46 functions .as .

10 follows: base substrate 34 is positioned in registered
laminating means 50 by base substrate positioner 54. At
means 50, base substrate 34 is aligned, and if necessary,
brought into registration with printed cell 10 as

substrate 12 exits from counter electrode print station

15 30. Base substrate 34 is then affixed to printed cell 10.

Several additional processes may be optionally
pexrformed on base substrate 34 between base substrate
positioner 54 and registered laminating means 50. For
example, base substrate 34 may be corona treated by means

20 similar to that used in the corona treatment of laminate
substrate 12. Openings in substrate 34 may also be die
cut or notched at notching means 56 to create, for
example, a switching wmechanism to activate cell 10. In

addition, on-line or off-line rewinding of completed cells
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t he press.

automatically fed back to a conputerized press contro
automati c adjustnent to correct the problem

Alternatively, the indicating signal may be

system f or
The press nmay al so be

manual |y or automatically shut down 15 shoul d any conponent or series

of conponents fall outside

of acceptable tolerances. O course,

such testing woesndgzsray al so be conducted by off-1ine proc®g&UsL/18002

al |

Figure 3 illustrates an expl oded view of yet anot her enbodi nent of
the |l ayers of cell 10 produced 20 according to yet another enbodi nent
of this invention. Cell 10 may be used to indicate the relative

vol tage drop

illustrates

The enbodi nent of cell 10 depicted in Figure 3

across termnals 20 and 22. Figure 3 further

how various forns of printed artwork nay be enpl oyed by
t he process of this invention. - 48-

any application in which a quantitative

R P S

10

15

20

10, as well as inspection, packaging and shipping
functions may alsoc be added to the process and apparatus

of the embodiment of Figure 9.

Figure 10 depicts a two pass embodiment of this
invention. This embodiment may produce cells 10 for any
suitable purpose but, preferably, this configuration may
be used to construct labels for dry cell batteries
comprising cells 10 which, when cell 10 is activated,

indicates the state of charge of the battery.

The first pass of the embodiment revealed Figure
10 is schematically depicted as area 70. The “first pass”
is that processing pass in which substrate 12 undergoes
treatment. The processing means by which first pass 70 is
constructed generally compriges laminate substrate
positioner 24, corona treatment station 40, optional
decorative ink station(s) 58, at leas;_one electrode print
station 26, at least one voltage divider print station 42

and at leagt one dielectric print station 44.

The second pass of the embodiment disclosed in
Figure 10 is schematically depicted as area 80. The
“gsecond pass” 1is that processing pass in which substrate
34 undergoes treatment. The processing means by which
second pass 80 is constructed generally comprises base

substrate positioner 54, corona treatment station 40, at
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I ndication of the relative voltage drop across termnals 20 and 22

I s desired. For exanple, the state of charge of 5 an EMF 32 (Figure 1)
such as a dry cell battery nay be detect ed where the el ectrodes of
EMF 32 are in contact with termnals 20 and 22.

When an EMF 32 source, such as a dry cell battery, is connected
across term Rghegdsand 22, 10 el ectrode | ayer 14, whi BeI/USI7N§003 he form
of i ndi vi dual segnents positioned across voltage divider 36, undergo
an el ectrochem cal reaction in the formof a change in color.

Wth the artwork configuration of Figure 3, the nunber of segnent s
of electrode |ayer 14 which change color is 15 proportional to the
vol t age present across term nals 20 and 22. In other words, the
nore segnments of el ectrode | ayer 14 whi ch change col or, the higher

t he vol t age present across term nals-20 and 22. Thus, higher voltage
and nunber of segnents 14 which change color translate, 20 where a dry
cell battery is heidy éstBtbulatibna hhgherint statiddraré® ramaleasty omet he
battery. Cell 10 of this enbodi ment conprises, substrate
12 upon whi ch | agewstex edlestrrddepninerstation 3fs majehing stagjen k- 36,

conprising both termnals 20 and 22, an ) . s
- 49- at least one electrolyte print station 28 for printing,

for example, Electrolyte A as described above. Optionally,
5 a laminating adhesive print station 62 may be provided
which, in turn, may be followed by at least one
electrolyte print station 28 for printing, for example,

Electrolyte B as described above.

In order to unite the first and second passes 70

S g 86, Eivet “Pass 70 is fed into registered laminating
means 50 to be aligned, registered and laminated with

second pass 80. Passes 70 and 80 are.bonded together as

one composite structure at means 50. The composite

structure comprising passes 70 and 80 is preferably

15 additionally processed in die cutting station 63,

rewinding station 64, inspection and editing station 66

‘and packaging and shipping station 68.

First and second passes 70 and 80 may be

assembled in simultaneous or separate operations. When

20 printed simultaneously, first and second passes 70 and 80
are printed on substantially parallel rotogravure or
similar presses, wherein printed pass 70 is aligned and
brought into precise registration with second pass 80 and

becomes affixed as one composite structure at registered
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insulating dielectric mat eri al 38 are printed. Preferably,
substrate 12 conprises a PVC film el ectrode | ayer 14 conprises an
| TO i nk, voltage divider 36 conprises a conventional silver ink and
i nsul ating | ayer 5 38 conprises a dielectric ink.

Optional ly, base substrate 34 may al so be I ncluded in the

enbodi nent ofweoesdssdd). Substrate 34 may conpri se Pamys9708002t he
materials described above in connection with the previous

enbodi nent. However, in this 10 enbodi nent, substrate 34- preferably
conprises at |east one PVC | ayer and may al so additionally conprise
| ayers of graphi c i nks and/or vacuum deposited netallized | ayers
such as al um num I n one enbodi nent, substrate 34 may
conprise a 15 | ayer of alum num vacuum deposited on a |layer of
shrinkable PVC filmand a | ayer of non-shrinkable PVC film

adhesively affixed to the alum num | ayer. A | ayer of pressure
sensi tive adhesi iamifyt ey aephsedot 0 MbeesSHsF adlthough nef ilkistaicakiabl e

PVC opposite that of the vacuum 20 deposi ted al um num The pressure
sensitive adhesiite will be understood that in two or more pass
constructions involving any combination of tacky and non-
tacky electrolytes such as Electrolytes A and B, one of
5 the electrolytes, e.g., Electrolyte A, may be applied to
one substrate and the other electrolyte, e.g., Electrolyte
B, may be applied to another substrate. Threafter, upon
registered lamination of the substrates, the electrolytes
may be united in contacting facing relation to form a

un M.,:.u,:r\‘;."i_i’a FpRe o, i G 07 et Qe

substrates produce a functional electrochromic cell.

-

When printed in separate' operations, first
laminate substrate pass 70 is typically printed first and
placed in roll or other storable form suitable for further

15 processing at a later time. When lamination is desired,
the roll comprising first pass 70 is then mounted onto an
unillustrated infeed unit at registered laminating means
50. As second pase 80 is printed, first pass 70 is
unwound, aligned and placed in registration with second

20 pass 80 at means 50. Passes 70 and 80 are then affixed to
each other and then positioned for further processing as a
composite substrate at optional stations 63, 64, 66 and

68.
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al l ows bonding of cell 10 to any desired surface such as, for

exanpl e, the surface of a sign display, a dry cell battery or

wri st wat ch. Preferably, a layer of release

-50- paper may be added to cover the pressure
sensitive adhesi ve. Nuner ous ot her configurations

of substrat e widss/t4s2s are possi bl e dependi ng on the part i BCH/ES73892 i cati on
for 5 which cell 10 is intended. For exanple, PVC may be

substituted by any other thin filmmaterial suitable for : passi ng
through a rotogravure press. Such materials may I ncl ude ot her
plastic materials, papers, netal sheet, nmetal foils, conposites and
the like to which inks or 10 other materials nmay be deposited.

Turning now to the specific characteristics of

In two or more pass constructions, it is

essential to the successful construction and operation of

cell 10 that the individual passes are aligned and joined

together such that the wvarious functional components of

5 cell 10 are in proper electrical communication with each
other and that the graphic layers of cell 10 are aligned

to produce the desired visual effect. To do so, the

various passes are preferably aligned and joined together

through an automated and continuously self-adjusting

10 registration _ .and . lamipation. procegs. at .registered... .

laminating means 50.

In the two pass construction of the battery
tester label described above, first pass 70 is normally
slightly stretched to fit second pass.BO. In the case

15 where multiple cells 10 are being printed on a web, the
electrochromic cell components repeat' pattern of first
pass 70 is this constructed to be slightly shorter in
length than the corresponding cell repeat pattern of
second pass 80. The difference between first and second

20 pass repeats may be as great as the printed layers of
first pass 70 will allow, so long as the stretching of
first pass 70 will not cause substrate 12 to break. For
example, in the case of printing an electrochromic cell
to be used as a battery tester incorporated into a label

25 to be affixed to a battery, the difference in the repeats
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the printed | ayers of cell 10 depicted in Figure 3, el ectrode 14,

el ectrolyte 16, counter el ectrode 18, dielectric 38 all may conprise
the materials of cell 10 15 substantially at the thicknesses set forth
above. Vol t age divider 36 nay conprise the sanme or
simlar materials as termnals 20 and 22 set forth above. Inits
preferred enbydiogresds vol tage divider 36 conprises 2Crargen1see
conventional silver ink which provides good 20 conductivity and does
not pronote corrosion. The t hi ckness of vol tage divider 36
Is preferably between about 0.25 and 0.50 m|. The vol tage divider
36 of this enbodi nent is configured to formtwo resistors
(preferably one fixed and one variable) in series with el ectrode

| ayer -51- 14
and counter electrode [|ayer 18. Desirably, the

configuration of voltage divider 36 is selected so as to not
visual |y obscure ideepkeatipcisical. oneasthon Advordingly, ef£fdt aumssnger i al
14.

must be stretched approximately 0.01 inch per repeat so
that it may be aligned with the corresponding repeats of

gecond pass 80, thereby forming cells 10.

5 Registered lamination in accordance with the
present invention may be achieved via suitably configured
and cooperating automatic web tension control means (not
illustrated) employed in conjunction with cooperating
automatic web registration control means (also not

N e R T T wy o f e T W s welrdes C o wed w0 e D e atanadls '«..7..-._ BRI P o . :"' Y
10 illustrated) working in concert at registered laminating
means 50 to produce two or more pass electrochromic
devices. An exemplary arrangement may include a model

number S-3000 web registration control device and a model

number S-2152 web tension control device, both
15 manufactured by The Bobst Group, Inc. of Roseland, New
Jersey. Such a system may be used to control the pre-

printed first pass 70 as it is unwound from an infeed
unit at the registered laminator and joined with the
second pass as the second pass exits the rotogravure
20 press. Alternatively, registered laminating wmay be
carried out in an off-line process where both passes 70

and 80 have been previously printed and rewound.

Critical to the automated registered lamination

process is continuous monitoring of the stress
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5 As has been nentioned herei nabove, for proper
functioning of any electrochromc cell the electrolyte conponent
t hereof nust not only be capable of pronoting a desired
el ectrochem cal reaction between itself and the cat hodi ¢ and anodi c
el ectrodes but it nust also prevent 10 shorting between the el ectrodes.
The latter regyessamnt I's especially significant i rrcagsbyiseai ons
where the el ectrochromc cell 10 according to the present invention
is fabricated using one or nore flexible substrates such - as | ayers
12 and 34, and particularly when the electrolyte 15 | ayer 16 is
substantially viscoelastic throughout its service life, as it is
according to at | east one preferred enbodi ment of the invention.
Consequently, the generally gel ati nous and vi scoel astic electrolyte
| ayer 16 coul d become subject to substantial |ocalized conpressive
forces 20 during manufacture, shipping, handling and usage which
m ght cause the eheehctdyisrilcayef éack gy Iuriagappedudtion. Implepeby
el ectrode | ayer 14 cones into contact with counter el ectrode | ayer
18 thereby causi s§resecpiaced ovit cELestl paes 70 coulsl stanse clelaminagmcdn
perhaps suffer irreversible damage. .. -52-
or curling of passes 70 and 80 once joined. When
asgembling an electrochromic battery tester label, for
5 example, the amount of tension which should be placed in
first pass 70 should be between about 0.5 pounds per
linear inch (pli) of material and about 1.5 pli and

preferably about 1.0 pli.

To achieve precise, substantially real-time
7407 control, Ehe“ﬁ%égiéEEfE&qu;ﬁiﬁét{;n'-ﬁéans 50 'ﬁfeferably.'P

further comprises web position sensing means (not shown)

for detecting certain physical characteristics of the

first and second passes 70 and 80 as, they traverse the
registered laminating means 50. Sucﬁ er sensing means

15 are preferably electronically connected to a suitable
system control device, e.g., a microprocessor (not
shown), which continuously monitors the web sensing means

and simultaneously controls the functions of the web
tension control means and the web registration control

20 means responsive to web position data received from the
web sensing means. The web tension control means and web
registration control means may be adapted to control the
relative tensions and registrations of either or both or

the first and second passes 70, 80.
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The pr esent I nvention therefore also cont enpl at es neans
100 for resisting conpression of the el ectrolyte |ayer 16.
According to the invention, as shown in Figures 4 through 7, such
means nmay be separate 5 fromand/or integral with the electrolyte

| ayer . Turning initially to Figures 4 and 5,

el ect rochr om wooet4828.0 conpri ses a substrate 12, el ectrodePCT/USI7/18002ayer

14, electrolyte | ayer 16, and counter el ectrode | ayer 18 havi ng
conpositions and thicknesses consistent 10 with their counterparts
previ ously di scussed in connection with Figures 1 and 3. As such,
the details of these conponents will not be described in further
detail herein except where their characteristic features materially
depart in structure, conposition and/or function from 15 their

af orenenti oned counterparts or where it is otherw se necessary for a
proper understanding of the invention. As is perhaps npst
clearly seen in Figure 7, Returning td stlsé npresessdiogm stepareanstie0 thor
resisting conpression of the electrolyte_ layer 16 nmay conprise
nmeans 20 i nc A5G sibadinerth ohadil prinmestips| 992—1%&%1'%&‘31%& fLo,

for enhanci ng theq structural stren th of th }recérrqsl N | ayer, by
reducing its abi 155 &¥ow artP oM qey t1 positioning’’ Via

positioner 24, substrate 12 in corona treatment station

5 40 where the dyne level of substrate 12 is increased.
Substrate 12 is then positioned in one or more optional
decorative ink printing stations 58 wherein decorative

inks are applied. The inks applied may be of the same or
different colors. Decorative inks may also be applied at

.10 print stations 58 to provide insulation, between the

various layers of cell 10.

Substrate 12 is then positioned in at least one
electrode print station 26 and, thereafter, at least one
voltage divider print station 42 as pféviously described.

15 Next, substrate 12 1is positioned in at least one
dielectric print station 44 in which insulating
dielectric ink 38 is applied. The thickness of
dielectric applied at dielectric print station(s) 44 wmay
be between about 0.2 and 1.5 mil, and is preferably about

20 1.0 mil. At this point, first pass 70 is completed and,
as described above, either may be wound into a roll for
subsequent processing or passed to registered laminating
means 50. Following this, the substrate 12 receives one

or more coatings of electrolyte wmaterial, e.g.,
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the influence of externally applied forces. Such neans may
conprise any suitable force distributing material, for

-53- exanple, fibrous and/or particulate

mat eri al . An especially preferred nmaterial S a plurality
of m niaturized substantially spherical particles referred to

si mpl'y her ei Rygsgis@pher es” 102 which may be used al one (aseCTRUS97/18002
illustrated) or in conbination with other particulate and/ or
fibrous material that may be conbi ned and deposited with the
electrolyte material 16. The spheres 102 may be solid or hollow (as
illustrated). They may be fabricated fromany substantially rigid
mat erial such as glass or 10 plastic that can be fornmed into extrenely
smal | spheres of | ess than about 50[err]min dianeter, nore
preferably | ess than about 20[err]m and still nore preferably |ess
t han about 10[err]m by processes known in the art. Suitable spheres
for pur poEBsctolite Ar eaentti heast | ome i eldardeliybe| pwigt assation

28.

Second pass 80 is constructed by positioning

base substrate 34 in corona treatment station 40 by means

5 of positioner 54. Substrate 34 is then positioned in
electrical insulation print station 60 wherein decorative

ink or other suitable dielectric material is applied to

substrate 34 as an insulator for counter electrode 18.

The thickness of the ink applied at print station 60 may

- = 1o’ Bé bétween” about 002 #nd 1.0 mil,” and ds preferably about’

0.7 mil.

! Substrate 34 is then positioned in at least one
counter electrode print station 30 as described above.
Substrate 34 is next positioned in notching station 56,

15 wherein openings in printed substrate 34 may be provided
through rotating die c_ut;t;'.ng or other suitable high
speed means. Thereafter, substrate 34 is positioned in
at least one electrolyte print station 28 for applying
electrolyte material, e.g., Electrolyte A. Substrate 34

20 then may be positioned in an optional adhesive print
station wherein a layer of laminating adhesive may be
applied. Preferably, the adhesive is applied to only
those areas of substrate 34 which are necessary to

laminate the first and second passes 70 and 80 together
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15 spheres manufactured by Potter Industries, Inc. of

Par si ppany, New Jersey. The spheres 102 are preferably conbi ned and
mxed with the electrolyte material 16 formul ated according to the
present invention (e.g., either or both of Electrolyte A and
Electrolyte B 20 di scussed above) prior to deposition to ensure
substantial wo9s148%i formdistribution of the spheres thr ®GFNSWISERe

el ectrolyte matrix material upon deposition thereof.

Because of their substantially spherical shape, whi ch- shape

I nherently possesses exceptional force 25 di stribution and

transm ssion characteristics, the spheres

-54- 102 provide an excellent nmeans for resisting
t he inpacts and ot her nechani cal shock that may be encountered by
cell 10 under normal manufacturing, shipping, handling and

usage of the cell. And, because their generally snooth 5 and rounded

exterior enabl es athaegistersdshamingtdngroganse 50. Thatnaserthe adhesivel op

the spheres 102 in an_essenti al
P must be printed g/uch that it does not interfere with the

functional or aesthetic characteristics of cell 10, e.g.,
it should not be printed where electrolyte material 16 is
5 present. Lastly, substrate 34 is delivered to at least
one additional electrolyte print station 28 where one or
more layers of electrolyte material, preferably
comprising a £final layer of Electrolyte B, may be

applied.

s A0 “er - vt Géflerally, Opéhings*'in” one’ ‘or” mo¥e layers of ~
the electrochromic device may be fb;cmed by any means
according to the process of this invehtion. For example,
in forming a switching device in ?Ehe battery tester
described above, switch contact notches or openings 48

15 way be cut by notching means 56 through printed substrate

¥ 34 of second pass 80 as is depicted 'in Figure 12. Any

cutting means may be employed such a_'s die cutting, and,
preferably, rotating in-line die cutting techniques. The
shape of openings 48 in Figure 12 is but one presently
20 preferred shape based upon factors such as size of the
opening required, the viability of methods of cutting the
openings, the location of the openings with respect to
the layers of the electrochromic device and the intended
function of the device. It should be noted, however,

25 that no openings are required for cell 10 to function.
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continuous matri x, the spheres pose no material obstacle to

m gration of the plating agent ions (or scrubbing agent I ons)
during operation of the cell 10. 10 Alternatively or in
addition to conpression resi stant means incorporated in

el ectrolyte layer 16, the means 100 for resisting conpression of

t he el ectrol yWwe9sn482s | ayer may al so conprise at |east OREI/UY)I00Hf
conpressi ve force resistant material 104 disposed between the
15 el ectrolyte |ayer 16 and either or both the el ectrode - | ayer
14 and the counter electrode |ayer 18. For sinplicity of
illustration and di scussi on, only one such | ayer 104, shown

di sposed between the el ectrode | ayer 14 and electrolyte 16 in
Figures 4-7, is described in detail. 20 It will be understood that such
description is |ikew se applicable to any | ayer of conpressive force
resi st ant material that may be di sposed between the electrolyte

| ayer 16 and theTbauntier elsecranidecbeybrgsi8asodesérademay be empioyed

electrolyte layer and_any |layers interposed hetween, it

el ectrode and/ or deBeRdidld &Peet FBRet $afqss pnd functions
- 55

Switch contact opening 48

&ggiredaggrtéﬁz

particular electrochromic device constructed.

of Figqure 12,

5 openings 48 are provided to allow terminals 20 and 22 of

voltage divider 36 to come into contact with the positive

and negative electrodes of a dry cell battery to which

cell 10 1is attached. The switch 1is operated by

depressing the layers above openings 48
T0°°  ‘pags 70 layers), sich thit ‘tefminals 20

the electrodes of the dry cell battery.

(generally first

and 22 contact

It is critical,

however, to the operation of this switch that the layers

of cell 10 are properly registered and laminated so that

terminals 20 and 22 are able to be placed in electrical

15 communication with the battery terminals.

Other uses of

notching process 56 beyond openings 48 will be apparent

from studying and practicing the invention disclosed

herein.

Figure 11 depicts a further embodiment of the

20 invention. In this embodiment, printing of all layers

comprising cell 10 occurs solely on laminate substrate

12. As in the embodiment of Figure 10,

substrate 12 is

positioned by laminate substrate positioner 24 in corona

treatment station 40 and is subsequently passed through
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According to a presently preferred enbodi nent, | ayer 104 preferably

conpri ses at |east one |ayer of coating material such as printable
and curable dielectric i nk which may be applied to el ectrode | ayer
14 prior to -5 el ectrolyte |l ayer 16 by any of the aforenentioned
printing apparatus or nethods. =~ Alternatively, layer 104 may be
preformed andwdwsnemster applied to el ectrode |ayer 14 in PCTUSI7I1888vance
of electrolyte layer 16. The preferred thickness of layer 104 is
fromabout 0.5 to 1.0 mil| in order to 10 mnimze the eross-sectional
profile of the cell 10 Wi t hout conprom sing the force resistance
characteristics of layer 104. Layer 104 may
configured as a conti nuous, regul arly shaped (e.g., solid
rectangul ar) arrangenent. 15 Preferably, homever, the | ayer 104 defines
a di sconti nuous arrangenent . The term "discontinuous” when
used to descri be layer 104 nerely neans that the |ayer 104 defines
a practical measute lslstspene sericenalt Heporacive @eﬂk print satirmrifsatSuch
open space permts flow of the el egtrode, 20 @% % 6 |nto such open

ff

space so that theleélsé‘ct PBRytgtectrode print  stagl i effl y1e&FH a€ t he

el ect rochrom c l ge dlv&éru %n%ss%g%lflonmc4£e|aL1d19:llelectr c prlnt
The dlscontlnuous arr ngemnent of ayer random-or

anor phous shape. Jy=fiehabhy, however, the

5 However, instead of rewinding printed substrate

12 as in previously described first pass 70, substrate 12

passes directly to electrolyte print station(s) 28,

counter electrode print station(s) 30 and patterned

adhesive station 62. Substantially simultaneously with

Teteedeese 1@ the primting - of substiate 12, "ba'lg"’é' substrate 34 ‘is
. positioned in corona treatment station 40 by base
substrate positioner 54, notched at notching station 56

and then precisely registered and 1aminated with printed

substrate 12 at registered laminating feans 50.

15 The composite structure is then die cut into
individual ce.jl.ls 10 at dig cutting station 63. This
embodiment has the advantage that registration between
printed substrate 12 and unpainted substrate 34 is not as
critical as in multiple pass constructions because ink

20 layers do not have to be aligned to exacting tolerances.
Cells 10 are then rewound at rewind station 64, inspected
at station 66 and packed and shipped at station 68, all

of which may be manual or automated processes.
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- 56- di sconti nuous arrangenent defines an

I dentifiable pattern, an illustrative but non-limtative exanple of
which is depicted in Figure 6. In that figure, the pattern
est abl i shed by the discontinuous arrangenent is generally 5

rectangul ar configuration interrupted by one or nore pocket s
106. PocketwoodfiMs2s ray be any polygonal or C UIPCTIUSIAEA802 S hape
and can be of wuniformor non-uniform sizes. The pattern for defining
t he pockets 106 does not necessarily have to produce one or nore
pockets of 10 cl osed-cell configuration. That is, the discontinuous
arrangenent may be sinply a plurality of substantially paral l el rows
of material, which rows may be straight, curved, sinusoidal

saw oot hed or ot herw se defining or

open space through which 15 el ectrolyte 16 may flow to contact

el ectrode | ayer

10

15

20

25

14.
It should also be noted that in any presently

contemplated embodiment, each print station (except any
electrolyte print station which deposits tacky
Electrolyte B ink) may include an ink drying means
through which the printed web passes after the
application of each printed layer. It is most desirable
to evaporate the organic solvents and/or water present in
each layer of ink in order to prevent blistering of the
ink layer, and promote high quality deposition of
subsequent _layg:s.u_,zprxipg:_qﬁ,‘the . inks and solvents
employed in this invention are depéndent upon several
factors such as, for example, the pressure at which the
inks are applied, the composition of the inks, the drying
time required for such ink or solveat before the next
succeeding layer is printed on top of the preceding
layer. Drying time may be influenced by application of
heat and/or air flow to the ink as it passes through the
dryer. In most cages, it is vital to evaporate any water
present in the ink prior to the application of subsequent
layers. Although this is a problem primarily with water
based inks, it 1is also of significance in regard to
solvent based inks, which generally have better drying
characteristics than water based inks but also may
contain some water either in solution or by condensation

introduced during the printing process.

-74-
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Moreover, to further enhance the structural strength of |ayer 104,
such layer may al so include suppl enental conpressive strength
enhanci ng material such as fibrous material, particulate material or
a plurality 20 of spheres 108 (Figure 7) simlar in size, shape and
function to the spheres 102 that may al so be i ncorporated I n

el ectrol yte ngpbegials 16, or any conbi nati on of such PEEUSH7IISN0L

-57- Figure 8 depicts, in schemtic
form an apparatus and net hod for assenbling el ectrochromc cel

10 of Figure 3. It will be understood that simlar apparatus

and nethods my be used to assenble the other 5 el ectrochrom c
cells 10 described herein and simlar such cells that may be
constructed pursuant to the teachi ngs of the present invention.

The preferred nmethod of assenbly

In the case of the rotogravure press, the time
allowed for drying a layer of ink may be increased by
increasing the length of the web between printing
stations. Conventionally, the 1length is increased by

5 positioning the dryer for each print station above the
print station. The dryer contains a series of adjustable
guide rollers or dancers through which the web passes.
Passing the web through the dancers increases the web
distance between print cylinders. The dancers may be

10  configured to make this distance any length desired.

Additionally, the dryer may contain heating
elements, preferably infrared elements, as well as air
blowers which increase or decrease the turbulence of the
air flow present inside the dryer. ° Infrared heating

15 elements are preferred because infrared and also works
well on either water or solvent based inks. And, the

turbulent blown air is preferably cool and dry.

It is evident that the proper combination of
the drying variablee of distance, time, temperature and
20 air flow may vary widely with the ink employed at the

result desired.

It will be appreciated that the foregoing is
merely illustrative of various products, materials,

apparatus and methods, all of which contribute to the
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and application of the various |ayers on substrate 12 is by

printing. And, when printing is enployed to assenble 10 cell 10, nost
preferably, the printing process is carried out on a rotogravure
press. Initially, substrate 12 is desirably positioned
by positioner 24 in corona treatnent station 40 where the dyne | evel
of substrate Wwb9ssasesicr eased. Al though corona 15 t r eaPOEWSIV1S003
preferred step in the process of this invention, it is not required
to produce a functional cell 10. Substrate 12 is
then positioned by positioner 24 in at |east one el ectrode print
station 26 wherein 20 el ectrode layer 14 is applied to substrate 12.
Substrate 12 is next positioned by positioner 24 in at |east one

vol tage divider print station 42, wherein voltage divider 36 is
applied so as to be in electrical conmunication with el ectrode | ayer
14 and wherein cell 10 wll operate as

-58- whole of the @present invention, whereby reliable

electrochromic cells may be rapidly and cost effectively
printed on flexible or rigid substrates to produce,
without limitations, such diverse apparatus as graphics
5 displays, wrist watch displays and voltage or state-of-

charge indicators for batteries.

The present invention may be embodied in other
specific forms without departing from its spirit or
essential attributes. Accordingly, reference should be

100 “made to~  appended “claims rather than the foregoing

specification, as indicating the scope of the invention.
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descri bed above. Suitable openings 36a and 38a are provi ded in
vol tage divider 36 and dielectric 38 to all ow electrolyte | ayer 16
to be in communication with el ectrode segnents 14. 5

Vol t age divider 36 desirably contacts el ectrode segnents 14 on each
end of each segnent so as to cause the segnent 14 cl osest to
negative tervoasnddss t o change col or first during tReTUs97/18002

el ectrochem cal reaction. Each successive segnent 14 next closest to
positive termnal 22 will also 10 change color in a sequential manner
until a steady state is reached in the el ectrochem cal reaction.
Wth this configuration, an increased nunber of segnents 14 w ||
change color with an increase in the voltage drop across term nal s
20 and 22. Conversely, as the voltage drop 15 approaches zero, few or
no segnents 14 will change col or. The el ectrochromc

cel | construction thus depicted in Figure 3 may be considered a
devi ce by which an EMF vol t age maetddM8uantitati vely det erm ned.

By contrast, |acking a designated voltage divider such as 20

vol tage divider 36, the odi.ment of cell 10 shown in Figure 1
(and simlar c@&@t éﬁﬁ%ﬂgﬁﬁpiéﬁé) may be conceptual i zed as

capabl e of providing a qualitative measure of an applied EMF

voltage. For instance, rafher p nethdd" a Yraduatiggd, lrupeuseale  an
el ectrode | ayer 14 may be

electrochromic cell comprising the steps of:
5 printing a layer of electrode material on

a first substrate;

printing a layer of electrolyte material

.on said electrode layer; and

printing a layer of counter electrode

10 material on said electrolyte layer such that when an
electrical voltage differential 1is introduced between

" said electrode layer and said counter electrode layer, an
electrochemical reaction occurs in said electrochromic

cell.

15 2. The method of claim 1 wherein said
electrode, electrolyte and counter electrode materials

comprise printing inks.

.3. The method of claim 2 wherein said

electrode ink comprises an indium tin oxide based ink.

20 4, The method of claim 2 wherein said

electrolyte ink comprises a bismuth salt based ink.

o



-59- printed so as to display a sinple nessage

such as " GOOD" or "REPLACE" when the applied EMF exceeds, or fails
to exceed, a predeterm ned threshold val ue.

Substrate 12 is next positioned by positioner 24 5 in at |east one
dielectric print station 44, wherein dielectric 38 is applied so as
to i nsul ate ewew®sm48zhr on c segnents 14 and vol t age ®CFUSENVIS®E from
electrically shorting to counter electrode |ayer 18. As noted
above, an opening 38a is provided in dielectric 38 generally in 10
alignment with opening 36a of voltage divider 36 to allow

electrolyte layer 16 to be in electrical comunication wth

el ectrochrom c segnents 14. A second openi ng or notch 38b is al so
provided in dielectric 38 to allow a branch 36b of vol tage divider
36 to be in electrical 15 communi cation with counter el ectrode 18

w t hout shorting out counter electrode 18 with el ectrode segnents
14. : 5. The method of claim 2 wherein said counter

electrode ink comprises a carbon based ink.

6. The method of ec¢laim 2 wherein said
electrode ink has a thickness of between about 0.5 and 5

5 mil.

7. The method of c¢laim 2, wherein said

electrolyte ink has a thickness of between about 0.05 and

50 mil.
® 8. ' The method of claim 2 wherein said counter’
10 electrode ink has a thickness of between about 0.05 and 5
mil.
9. The method of claim 2 wherein said

electrolyte ink comprises a two part composition wherein
a first part of said composition dries to an essentially
15 non-tacky state and a second part of said formulation

dries to a tacky state.

10. The method of claim 1 further comprising
the step of adhering a second substrate to said counter

electrode layer.

20 11. The method of claim 10 wherein said first

substrate comprises a polyvinyl chloride film.

————
——.
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Substrate 12 is next positioned by positioner 24 in at | east one
electrolyte print station 28, wherein at | east one el ectrolyte |ayer
16 is applied to el ectrode 20 segnents 14, by virtue of aligned

openi ngs 36a and 38a, wi t hout contacting voltage divider |ayer 36.
Finally, substrate 12 is positioned by positioner 24 in at |east

one counter eyeewmsde print station 30, wherein counter  PCT/USSEES8EX r ode

| ayer 18 is applied so as to be in electrical

- 60- _ comuni cation with electrolyte |ayer 16 and
vol t age di vider 36 wi thout shorting out to el ectrochrom c segnents
14. Optional ly, substrate 12 nmay next be positioned

5 in a base substrate |ayer applicator 46, depicted in Fi gure
9, wherein base substrate 34 nay be applied to cell 10, and
preferably to counter electrode 18. 1In at |east

12. The method of claim 10 wherein said second

substrate comprises a polyvinyl chloride film.

13. The method of claim 12 wherein said first

substrate hag a thickness of between about 0.4 and 4 mil.

5 14. The method of claim 12 wherein said second

substrate has a thickness of between about 0.4 and 4 mil.

15. The method of claim 10 further comprising
the step of printing at least one layer of decorative ink
6n an-indicia bearing surfice 8f said cell, said indicia

10 bearing surface comprising said first substrate, said
second substrate, said electrodé material, said electrode
material, said counter electrode Tmaterial, and a

previously deposited layer of said decorative ink.

16. The method of claim 10 further comprising
15 the step of enhancing the surface tension of said first

substrate prior to printing on said first substrate.

17. The method of claim 15 further comprising
the step of enhancing the surface tension of said second

substrate prior to printing on said second substrate.

20 18. The method of claim 1 further comprising
the step of printing a first terminal in electrical

communication with said electrode layer.

e e e
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one enbodi nent of this invention, conponents 14, 36, 38, 16 and 18
are envel oped between | am nate substrate 12 and 10 base substrate 34
whi | e passi ng through applicator 46. Substrate 34 may al so be
applied to cell 10 in applicator 46 by any neans suitable to affix
substrate 34 to cell 10 wi thout interfering wwth the functional or
aest hetic wo 9sn4szshar acteristics of cell 10. Such affi xBCT/USS7THEMINI ques
15 may include |am nation, pressure sensitive adhesives and
the like. Base substrate applicator 46 may conprise any
conponent s capabl e of positioning and affixing base substrate 34
to cell 10. In Figure 9, which substantially 20 represents a press
suitable for carrying out the obj ectives of the present
i nvention (such as a rotogravure press), it is seen that base
substrate applicator 46 may conprise a registered | am nati ng neans
50. Regi st ered | am nating nmeans 50 is primarily concerned with
al i gni ng, 19. The method of claign-18 further comprising

the step of printing a second terminal in electrical

communication with said counter electrode layer.

20. The method of claim 19 wherein said first

5 and second electrodes comprise a voltage divider.

21. The method of claim 20 wherein said first

voltage divider is printed with silver based ink.

22. The method of claim 1 further comprising
“printing ‘at ' least ofie’ layér  Of = dielectric material
10 between said electrode layer and said counter electrode

layer.

23. The method of claim 10 further comprising

the step of laminating said first and second substrates.

24. The method of claim 23 further comprising

15 the step of registering one of séid first and second
substrates with respect to the other of said first and

second substrates prior to lamination of said first and

second substrates.

25. The method of claim 24 further comprising
20 the step of printing a patterned laminating adhesive on
one of said first and s=second substrates prior to

lamination of said first and second substrates.



regi stering and | am nating base substrate 34 with printed | am nat e
substrate 12. Regi stered | am nati ng neans 50 may conpri se
any means for affixing base substrate 34 to cell 10 printed on 5

| am nate substrate 12. For exanpl e, adhesive, |am nation, heat
sealing or any other affixation neans may be utilized, provided that
t he functi onawoasrszsest heti c obj ectives of cell 10 acwusarsasged.
Base substrate applicator 46 functions as 10 foll ows: base
substrate 34 is positioned in registered | am nati ng neans 50 by base
substrate positioner 54. At means 50, base substrate 34 is aligned,
and if necessary, brought into registration with printed cel

10 as substrate 12 exits fromcounter electrode print station 15
30. Base substrate 34 is then affixed to printed cell 10.

Several additional processes nmay be optionally performed on base
substrate 34 between base substrate positioner 54 and registered

| am nati ng neans 50. For26. The aeahpteofbadaisulistihatthedd ammpriieingr ona
treated by neans 20 simlar to that used in the corona treatnent of

| ami nat e s t5tgpe of2 formbegii Ags cPAnsPsinatt 3gaspyonresefbeadde

cut or notched at..notching neans 56 to create, for exanple, a
swi t chi ng nechanﬁ%ﬁFFoaﬁﬁtﬁﬁﬁﬁﬁg guPFEares addi tion, on-line or

off-line rewi nding of conpleted cells -62-
27. A label comprising an electrochromic cell

5 manufactured in accordance with the method of claim 1.

28, A state of charge testing device for dry
cell batteries manufactured in accordance with the method

of claim 1.
29, fA.'Oiéﬁéi display device manufactured in
10 accordance with the methpd of claim 1.

30. Signage manufactured in accordance with

the method of claim 1.

31. A chronograph manufactured in accordance

with the method of claim 1.

15 32. The method of claim 1 wherein said layers

are printed in a single pass.

33. The method of claim 1 wherein said layers

are printed in more than one pass.

34. The method of claim 1 wherein said layers

20 are printed in two passes.
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10, as well as inspection, packagi ng and shi pping functions may al so
be added to the process and apparat us of the enbodi nent of Figure 9.
Figure 10 depicts a two pass enbodi nent of this 5 invention. This
enbodi ment may produce cells 10 for any sui t abl e purpose but,
preferably, this configuration may be used to construct |abels for
dry cell battwob®es2s conprising cells 10 whi ch, when E€I/USIZ(3G0g
activated, i ndi cates the state of charge of the battery. 10

The first pass of the enbodi nent reveal ed Figure 10 is schematically
depicted as area 70. The "first pass" is that processing pass in

whi ch substrate 12 under goes treatnent. The processing neans by
which first pass 70 is constructed generally conprises | am nat e
substrate 15 positioner 24, corona treatnent station 40, optional
decorative ink station(s) 58, at |east one el ectrode print station
26, at | east one voltage divider print station 42 and at | east one
dielectric print station 45%. The method of claim 1 wherein said layers

are printed by a rotogravure press.

36. The method of claim 1 wherein multiple
electrochromic cells are substantially simultaneously

5 manufactured on a substrate web.

37. The method of claim 36 wherein individual
ones of said electrochromic cells are selectively

removable from said web.

"38. A"  ‘method " of manufacturing an

10 electrochromic cell comprising the steps of:

printing a layer of electrode material on

a first substrate;

printing a layer comprising a £first part

of an electrolyte material on said electrode layer;

15 : printing a layer of counter electrode

material on a second substrate;

printing a layer comprising a second part
of said electrolyte material on said counter electrode

material; and

20 joining said first and second substrates

such that -said first and second parts of said electrolyte

T ————
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The second pass of the enbodi nent disclosed in 20 Figure 10 is

schematically depicted as area 80. The "second pass" is that
processi ng pass in which substrate 34 undergoes treatnent. The
processi ng means by which second pass 80 is constructed generally
conpri ses base substrate positioner 54, corona treatnent station 40,
at WO 98/14825 - 63- PCT/US97118008 e aSt
one insulation ink print station 60, at |east one —__counter el ectrode
print station 30, notching station 56, at least one electrolyie —
print station 28 for printing, for example, El ?Ctﬁ%ls_}(&?ﬂz@%@&xe lac
descri bed above. Optionally, 5 a | am nati ng adhesi ve

may be provided which, in turn, may be foll owed byﬂm,m ﬂp

el ectrolyte print station 28 for printing, for exanple, yte
B as descri bed above. In order to unite the first and

second passes 70

10

15

20

material contact one another whereby said joined first
and second substrates produce a functional electrochromic

cell.

39. The method of claim 38 wherein the
compogsition of said first part of said electrolyte
material is different from the composition of said
composition of said second part of said electrolyte

material.

o ) 40i.-?§? mgthqdwqﬁ plaim 38 wherein one of said,
first and second parts of sald electrolyte material dries
to an essentially non-tacky state and the other of said
first and second parts of said electrolyte material dries

to a tacky state.

41. Apparatus for manufacturing an

electrochromic cell, said dpparatus comprising:

means for printing a layer of electrode

material on a first substrate;

means for printing a layer of electrolyte

material on said electrode layer; and

means for printing a layer of counter
electrode material on said electrolyte layer such that

when an electrical voltage differential is introduced

e i

e
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10 and 80, first pass 70 is fed into registered | am nating means

50 to be aligned, registered and lam nated with second pass 80.
Passes 70 and 80 are bonded together as one conposite structure

at nmeans 50. The conposite structure conprising passes 70 and
80 is preferably 15 additionally processed in die cutting station
63, r ewioreglit48gs st ati on 64, inspection and editing st XCTGHI7HE002

and packagi ng and shi ppi ng station 68. First and second
passes 70 and 80 may be assenbl ed in sinultaneous or separate
operations. Wen 20 printed sinultaneously, first and second passes 70
and 80 are printed on substantially parallel rotogravure or

simlar presses, wherein printed pass 70 is aligned and brought into
precise registration with second pass 80 and becones affixed as one
conposite structure at registered - 64-

| am nating nmeans 50. Moreover, although not illustrated,

between said electrode layer and said counter electrode
layer, an electrode reaction occurs in said

electrochromic cell.

42. The apparatus of claim 41 wherein said
5 electrode, electrolyte and counter electrode materials

comprise printing inks.

43. The apparatus of claim 42 wherein said

electrode ink comprises an indium tin oxide based ink.

""a4. The apparatus of claim 42 wherein said

10 electrolyte ink comprises a bismuth salt based ink.

45. The apparatus of claim 42 wherein said

counter electrode ink comprises a carbon based ink.

46. The apparatus of claim 42 wherein said
electrode ink has a thickness of between about 0.05 and 5

15 ©mdl.

47. The apparatus of claim 42 wherein said
electrolyte ink has a thickness of between about 0.05 and

50 mil.

48. The apparatus of claim 42 wherein said

20 counter electrode ink has a thickness of between about

0.05 and 5 mil.
This Sheet Has Been Replaced
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It will be understood that in two or nore pass constructions

I nvol vi ng any conbi nation of tacky and non- tacky el ectrol ytes such
as Electrolytes A and B, one of 5 the electrolytes, e.qg., Electrolyte
A, may be applied to one substrate and the other electrolyte, e.g.,
El ectrol yte B, may be applied to another substrate. Threafter,
upon weoiassred | ami nati on of the substrates, the RORGOF/E00 es

may be united in contacting facing relation to forma conposite

el ectrolyte, layer, whereby the printed substrat es produce a
functional electrochromc cell. When printed in separate
operations, first | am nate substrate pass 70 is typically printed
first and placed in roll or other storable formsuitable for
further 15 processing at a later time. Wen lamnation is desired,

the roll comprising first pass 70 is then nounted.onto an

unillustrated infeed unit at registered | am nating neans As
second pass 80 is printed29-fiFee pappayretus of = clmiwundl al f@ﬁ’é‘%ﬁ%nd
placed in registration wth seco ass 80 at Passgf

and 80 are then SPFR3R{1d, means °Ea€§h%ﬁ %uﬂfqﬂﬁgnsﬁggﬁf?B%eEPffﬁl

further processi te substrate at optional stations 63,
64, 66 and 88 electrodd TRAY.

50. The apparatus of claim 49 wherein said

5 first substrate comprises a polyvinyl chloride £ilm.

51. The apparatus of claim 50 wherein said

second substrate comprises a polyvinyl chloride film.

52. The apparatus of <claim 49 further

wofrTos 7 Tcomprising’ means for printing” at least one layer of
10 decorative ink on an indicia bearing surface of said

cell, said indicia bearing surface cqmprising said first

substrate, said second substrate, said electrode

ﬁaterial, said electrolyte material, said counter

electrolyte material, and a previously deposited layer of

15 gaid decorative ink.

53. The apparatus of «claim 52 further
comprising means for enhancing the surface tension of
said first substrate prior to printing on said first

substrate,

20 54. The apparatus of claim 52 further
comprising means for enhancing the surface tension of
said second substrate prior to printing on said second

substrate.

I LR LT Th”"}immﬂ”mm TS SHEET RS BE
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In two or nore pass constructions, it is essential to the successful

construction and operation of cell 10 that the individual passes are

al i gned and j oi ned t oget her such that the various functional

conponents of 5 cell 10 are in proper electrical comunication with

each other and that the graphic layers of cell 10 are aligned

to produce tH&wo&#EB2%ed vi sual effect. To do so, the PCTURIABMNY S

passes are preferably aligned and joi ned together t hrough an

aut omat ed and conti nuously self-adjusting 10 regi stration and

| am nati on process at registered | am nati ng neans 50.

In the two pass construction of the battery tester | abel described

above, first pass 70 is nornally slightly stretched to fit second

pass 80. In the case 15 where nmultiple cells 10 are being printed on a

web, the el ectrochrom c cell conponents repeat pattern of first

pass 70 is this constructed to be slightly shorter in | engt h than

the corresponding cell refSat Paet erdpbgratus ofsec6hdipas£180. furhber

di fference between first and secon ﬁfss repeats na¥8be as, great as
I

the printed | ayeP§™gf*34n9 meFP?stgﬁﬁssp§fP 19 &1 di*sko FEARLARL ( hiR
stretching of oot fidat RBARSd Potulile 8L 1 §AUBE IS &yd#. 1O break.

For

56. The apparatus of claim 55 further
5 comprising means for printing a second terminal in

electrical communication with said electrolyte layer.

57. The apparatus of c¢laim 56 wherein said

first and second electrodes comprise a voltage divider.

58. The apparatus of claim 57 wherein said
10 voltage dividetr is disposéd between said electrode layexr

and said counter electrode layer.

59. The apparatus of claim 58 wherein said

voltage divider comprises a silver based ink.

: 60. The apparatus of ¢laim 41 further
15 comprising means for printing dielectric material between

said electrode layer and said counter electrode layer.

61. The apparatus of claim 49 further
comprising means for laminating said first and second

substrates.

20 62. The apparatus of claim 61 further
comprising means for registering one of first and second

substrates with respect to the other of said first and

[EEH TN A 17,’?}’,”!?,,,””,," WI HIS SHEET FAS BEEN
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exanple, in the case of printing an electrochromc cell to be used
as a battery tester incorporated into a | abel 25 to be affixed to a
battery, the difference in the repeats S
general ly about 0.01 inch. Accordingly, first pass 70 nmust be
stretched approximtely 0.01 inch per repeat so that it may be

al i gned wi t h wbos/e82x espondi ng repeats of second p&STUY/1880ker eby
form ng cells 10. 5 Regi stered | am nation in accordance
with the present invention nmay be achi eved via suitably configured
and cooperating automati c web tension control neans (not

Il lustrated) enployed in conjunction with cooperating automati c web
regi stration control means (also not 10 illustrated) working in concert
at registered |am nating means 50 to produce two or nore pass

el ectrochrom c devices. An exenplary arrangenent may include a
nodel nunber S-3000 web registration control device and a nodel
number S 2152 sesondt subpbrates apitiay to denimatiopoprf sadd figghupadt ured

by The Bobst Goug%,conldngubggral?oeséel and, New

63. The apparatus of claim 62 further
comprising means for printing a patterned laminating
5 adhesive on one of said first and second substrates prior

to lamination of said first and second substrates.

64. The apparatus of claim 41 further
comprising means for forming an opening in said £first

_su?s;rate..

10 65. The apparatus of claim 41 wherein said
electrochromic cell forms a pressure sensitive adhesive

label.

B

66. The apparatus of claim 41 wherein said
electrochromic cell forme a state of charge testing

- 15 device for dry cell batteries.

67. The apparatus of claim 41 wherein said
electrochromic cell forms visually perceptible display

device.

68. The apparatus of claim 41 wherein said

20 electrochromic cell forms a sign display.

69. The apparatus of claim 41 wherein said

electrochromic cell forms a chronograph

e

\\“ill\ I Ill\\ I T’m‘*‘ﬁm’iimﬂwﬂ i S

. REPLACED




Jersey. Such a system may be used to control the pre- printed first
pass 70 as it is unwound from an i nfeed unit at the registered

| am nat or and joined with the second pass as the second pass exits
the rotogravure 20 press. Alternatively, registered |amnating
may be carried out in an off-line process where both passes 70

and 80 have bwesspamyi ously printed and rewound. PCT/US97/180@2r i t i cal
to the automated regi stered | am nation process _i S __ continuous
monitoring of the stress TR
characteristics of each pass during production. InproperTmsgmmHsike %

pl aced on first pass 70 could cause del am nati on o] a“d
passes 70 and 80 once |oined. When assenbli
el ectrochrom c battery tester |abel, for 5 exanpl e,

t ensi on whi ch should be placed in first pass 70 should be betmeen

about 0.5 pounds per linear inch (pli) of material and about 1.5 pli
and 70. The apparatus of claim 41 wherein each of

said printing means are arranged such that said apparatus

prints all of said layers in a single pass.

71. The apparatus of c¢laim 41 wherein each of
5 said printing means are arranged such that said apparatus

prints all of said layers in more than one pass.

72, The apparatus of claim 41 wherein each of
said printing means are arranged such that said apparatus

prints all of said layers in two passes.

10 73. The apparatus of claim 41 wherein each of

.. -

said layers are printed by a rotogravﬁfe press.

* 74. The apparatus of claim*41l wherein multiple
electrochromic <c¢ells are substantially simultaneously

manufactured on a substrate web.

15 75. The appdratugs of claim 74 wherein
individual ones of said electrochromic cells selectively

removable from said web.

76. The apparatus of claim 73 wherein said
rotogravure press comprises chemically etched printing

20 cylinders.

77. A printable electrode ink for an

electrochromic cell, said electrochromic ink comprising:

s

e
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preferably about 1.0 pli. To achi eve preci se,
substantially real-time 10 control, the registered |am nation neans 50
preferably further conprises web position sensing neans (not shown)
for detecting certain physical characteristics of the first and
second passes 70 and 80 as they traverse the regi stered | am nating
means 50. Suwbsges2ssensi ng neans 15 are preferably el ectmsswismk| y
connected to a suitable system control device, e.g., a

m croprocessor (not shown), which continuously nonitors the web
sensi ng neans and sinultaneously controls the functions of the web
tension control nmeans and the web registration control 20 nmeans
responsive to web position data received fromthe web sensi ng neans.
The web tension control neans and web regi stration control neans nmay
be adapted to control the rel ative tensions and registrations of

ei ther or both or the first and second passes 70, 80. -

- 68- a plating agent receptor; T

is Sheet Has Been Replaced

e T[T

78. The electrode ink of claim 77 wherein said

a binding agent.

5 plating agent receptor is selected from the group
consisting of indium tin oxide, tin oxide, antimony

trioxide, and tin oxide doped with hydrogen fluoride.

. . 79.. The electrode ink.of claim 77 wherein said

solvent is selected f@om the groﬁp consisting of normal

10° propyl acetate, ethyl alcohol, and water.

80. The electrode ink of claim 77 wherein said
binding agent is selected from the group consisting of
polyvinyl chloride, polyvinyl butyral, acrylic and

nitrocellulose.

15 81. The electrode ink of claim 77 herein said
plating agent receptor is present in an amount of from
about 20 to about 80 weight percent, said solvent is
present in an amount of from about 15 to about 75 weight
percent, and said binding agent is present in an amount

20 of from about 5 to about 40 weight percent.

82. An electrochromic cell compriging the

electrode ink of claim 77.

i \\\l\\“\\\ i\l\l Ll R T
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Returning to the processing steps of the two pass enbodi nent of this
i nvention depicted in Figure 10, first pass 70 is constructed by
first positioning, via positioner 24, substrate 12 in corona
treatment station 5 40 where the dyne level of substrate 12 is
i ncreased. Substrate 12 is then positioned in one or nore optiona
decorative i nkopsi4gssi ng stations 58 wherein decorative PCT/USIM8082 ar e
applied. The inks applied my be of the same or different col ors.
Decorative inks may also be applied at 10 print stations 58 to
provide insulation between the various |ayers of cell 10.
Substrate 12 is then positioned in at |east one el ectrode print
station 26 and, thereafter, at |east one vol t age divider print
station 42 as previously described. 15 Next, substrate 12 is
positioned in at |east one dielectric print station 44 in
whi ch i nsul ati ng dielectric ink 38 1is applied. The
t hi ckness of diel 83trix appinwxblat dldatopidytcipri ankst £oron(a) 44
may be between about 0.2 and 1.5 mil, and is preferably about 20
1.0 mil. At thielerhnechrPRigceldss spddj gleefnlaitdg ARl comprisinggs
descri bed above, either may be wound into a roll for subsequent
processi ng or passed to register l.am i.hg means 50. Fol | owi ng
this, the substrate 12 receivé%‘%%glgglggéhgT nore coatings of
electrolyte material, e.g.,

a humectant;

5 a solvent; and
a binding agent.

84. The electrolytic ink of claim 83 wherein
‘said piatinéiéééﬂfdis'ééiéé%éddffbmgéhe.gfoup consisting

10 85. The electrolytic ink of claim 84 wherein

said plating agent is BiCl,,

86. The electrolytic ink of claim 84 wherein
said plating agent comprises from about 0.2 to about 1.0

weight percernt of said ink.

15 87. The electrolytic ink of claim 83 wherein

said humectant is lithium bromide.

88. The electrolytic ink of claim 87 wherein

said humectant comprises from about 4 to about 10 weight

percent of gaid electrolytic ink. T el

This Sheet Hag Beep R
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- 69- Electrolyte A at at |east one electrolyte

print station 28. Second pass 80 is constructed by
posi tioni ng base substrate 34 in corona treatnent station 40 by
means 5 of positioner 54, Substrate 34 is then positioned in

el ectrical insulation print station 60 wherein decorative I nk or

ot her suitabl evgldsaksestric nmaterial is applied to —__ SUNSIySaTiso®4 as an
i nsul ator for counter el ectrode 18. The t hi ckness~ of—the_ink

applied at print station 60 may 10 be between about ng nd 1.0 m [~and

I's preferably about 0.7 ml. Eaﬁﬁ |s then
positioned in at |east one counter el ectrode pn
descri bed above. Substrate 34 is next positione

station 56, 15 wherein openings in printed substrate 34 nay OV|ded
through rotating die cutting or other suitable hi gh

89. The electrolytic ink of claim 83 whexein
said solvent is selected from the group consisting of an
alcohol, an acetate, an alcohol and acetate blend, a

ketone, and toluene.

5 90. The electrolytic ink of claim 89 wherein
said alcohol is selected from the group consisting of
ethyl, isopropyl, normal propyl and methyl alcochol, said
acetate is selected from the group consisting of ethyl,
isopropyl, normal propyl, and methyl acetate; and said

10 = ‘alcohol and acetate blend is an ethyl alcohol and normal

propyl acetate blend.

91. The electrolytic ink of claim 90 wherein
said solvent 1is an ethyl alcohol Tand normal propyl

acetate blend.

15 92. The electrolytic ink of claim 89 wherein -
said solvent comprises from about 10 to about 60 weight

percent of said electrolytic ink.

93. The electrolytic ink of claim 89 herein
said binding agent selected from the group consisting of
20 polyvinyl butyral, polyvinyl chloride, acrylic,

nitrocellulose, and a copolymer of vinyl chloride.

94. The electrolytic ink of claim 93 wherein
said binding agent is polyvinyl butyral.

e e
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speed neans. Thereafter, substrate 34 is positioned in at | east
one electrolyte print station 28 for applying electrolyte materi al,
e.g., Electrolyte A Substrate 34 20 then may be positioned in an
optional adhesive print station wherein a |ayer of |amnating
adhesi ve may be applied. Preferably, the adhesive is applied to
only wbosiesty eas of substrate 34 which are necessapgrTAuss7/18002

| am nate the first and second passes 70 and 80 toget her

- 70- at registered | am nating neans 50. That is,
t he adhesive must be printed such that it does not interfere with
t he functional or aesthetic characteristics of cell 10, e.g.,

it should not be printed where electrolyte material 16 is 5 present.
Lastly, substrate 34 is delivered to at | east one addi ti onal

el ectrolyte print station 28 where one or nore |ayers of

el ectrol yte material, preferably conprising a final |ayer of

El ectrolyte B, nmay be 95. The electrolytic ink of claim 93 wherein

said binding agent comprises from about 2 to about 30

weight percent of said electrolytic ink.

96. The electrolytic ink of claim 83 wherein
5 said solvent is selected from the group consisting of

water, alcchol and an agqueous alcohol solution.

97. The electrolytic ink of claim 96 wherein

said solvent is a water and isopropyl alcohol solution.
98. The electrolyti¢ ‘ink of claim 96 wherein
10 said solvent comprises £from ,a_bbut 15 to about 50 weight

percent of said electrolytic 1n]§

99. The electrolyti&:" ink of claim 96 wherein

said binding agent is selected from the group consisting

of polysaccharide, . nitrogellulose, hydroxyethyl
15 cellulose, acrylic, vinyl and a copolymer of vinyl
chloride.

100. The electrolytic ink of claim %9 wherein

said binding agent is polysaccharide.

101. The electrolytic ink of claim 99 wherein
20 said binding agent comprises from about 2 to about 30

weight percent of said electrolytic ink. This Sheet Has Been Re

i
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appl i ed. 10 Generally, openings in one or nore |ayers of

the el ectrochrom c device nay be fornmed by any neans according to
the process of this invention. For exanple, in formng a swtching
device in the battery tester descri bed above, switch contact notches

or openings 48 15 may be cut by notching neans 56 through printed
substrate wo ogri20f second pass 80 as is depicted in Fi goresdaseez Any

cutting neans nay be enpl oyed such as die cutting, and, pref erably,
rotating in-line die cutting techniques. The shape of - openings 48 in
Figure 12 is but one presently 20 preferred shape based upon factors
such as size of the opening required, the viability of nethods of
cutting the openi ngs, the location of the openings with respect to
the | ayers of the el ectrochrom c device and the intended function of
t he devi ce. It should be noted, however, 25 that no openings are
required for cell 10 to function. -71-

102. The electrolytic ink of claim 83 further

comprising a scrubbing agent.

103. The electrolytic ink of claim 102 wherein

said scrubbing agent is copper {(II) chloride.

5 104. The electrolytic ink of claim 83 further

comprising at least one pigment.

105. The electrolytic ink of claim 83 further
comprising means for resisting ¢ompression of said
* 7 eléctrolytic ink when &aid electrolytic ik is deployed’

10 as a component of an electrochromic cell.

. 106. The electrolytic ink of claim 105 wherein
said means for resisting compression comprise a plurality

of spheres.

107. The electrolytic ink of claim 106 wherein
15 - said spherés are '~ formed from substantially rigid

material.

108. The electrolytic ink of claim 106 wherein

the diameter of said spheres is less than about 50um.

109. An electrochromic cell comprising the

20 electrolytic ink of claim 83.
This Sheet Has Been Replaced
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That is, as many openings as desired may be enpl oyed dependi ng upon
the features and functions desired for the particul ar el ectrochromc
devi ce constructed. Switch contact opening 48 of
Figure 12, 5 openings 48 are provided to allow termnals 20 and 22 of
vol tage divider 36 to cone into contact with the positive and
negati ve el ectwostasszef a dry cell battery to which CREITYUSIV (30D S

at tached. The switch is operated by depressing the | ayers
above openings 48 (generally first 10 pass 70 |layers),4 -such that
termnals 20 and 22 cont act the el ectrodes of the dry cell battery.
It is critical, however, to the operation of this switch that the

| ayers of cell 10 are properly registered and | am nated so that
termnals 20 and 22 are able to be placed in electrical 15

comuni cation with the battery termnals. QOher uses of not chi ng
process 56 beyond openings 48 wll be apparent from studying and
practicing the inventionliai ol osedectrolytirwereimmterial formulation
Figure 11 depicts a further enbodi ment of the 20 i nvention. In this
enbodi ment, print$IWPraELEEE | ayers conprising cell 10 occurs solely
on |l am nate substrate 12. As in the enbodi nent of Figure 10,
substrate 12 is positione | apinat e .substrate positioner 24 in
corona t r eat ment statioﬁ'%&réﬁdp?§t§ﬂﬁgé%%€ﬁfly passed t hrough

-72-

bismuth trichloride as a plating

5 agent;
lithium bromide as a humectant;

a blend of ethyl alcohol and normal

... .propyl acetate as a solvent; and

polyvinyl butyral as a binding agent;

10 L. and
a se€cond part including:

bismuth trichloride as a plating

agent;

lithium bromide as a humectant;

15 a water and isopropyl alcohol
This Sheet Has Been Replaced
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111. An electrolyte material comprising an

solution as a solvent; and

\
polysaccharide as a binding agent.

essentially non-tacky first electrolyte and a tacky

20 second electrolyte.
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at | east one optional decorative ink print station 58, at | east one
el ectrode print station 26, at |east one vol tage divider print
station 42 and dielectric print station 44. 5

However, instead of rewi nding printed substrate 12 as in previously
described first pass 70, substrate 12 passes directly to electrolyte
print stati omnge SRS counter el ectrode print stati oRCEYSIZA808Nd
patterned adhesive station 62. Substantially sinultaneously with
10 the printing of subtarte 12, base substrate 34 is

positioned in corona treatnment station 40 by base substrate
positioner 54, notched at notching station 56 and then precisely
regi stered and lam nated with printed substrate 12 at registered

| am nati ng neans 50. 15 The conposite structure is then die
cut into i ndi vidual cells 10 at die cutting station 63. Thi s
enbodi nent has the advantage that registration between printed
substrate 12 and unpai nt ed18ubat relfext¥bchsomidt &l comprising:

an anodic electrode;
a cathodic electrode;

an electrolyte disposed between said

5 anodic and cathodic electrodes; and

means carried by said electrolyte for

resisting compression of said electrolyte.

113. The Q;ectfbéﬁréﬁié cell of claim 1i2

wherein said electrolyte is substantially visccelastic.

10 114. The electrochromic cell of claim 112
wherein said means for resisting compression comprise a
plurality of spheres incoxporated within said

electrolyte.

115. The electrochromic cell of claim 114
15 wherein gaid sgpheres are formed from substantially rigid

material.

116. The electrochromic c¢ell of claim 114

wherein the diameter of said spheres is less than about

S50um.
Sheet Has Been Replaced
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critical as in nmultiple pass constructions because ink 20 Iayers do not
have to be aligned to exacting tol erances. Cells 10 are then rewound
at rewind station 64, inspected at station 66 and packed and shi pped
at station 68, all of which may be manual or automated processes.
-73- It should al so be noted that in
any present!| ywo9s8/14825 cont enpl ated enbodi ment, each print sPEX/USNV1IZ8Xcept
any el ectrolyte print station whi ch deposits t acky

El ectrolyte B ink) may include an ink drying neans 5____through which
the printed web passes after the appl i cation of'each—p{lnied
layer. It is nost desirable to evaporate the omggghgt 0 vents

and/ or water present in each layer of ink in ord Phwd
blistering of the i nk ayer, and pronote high qu n of
10 subsequent | ayers. Drying of, the inks and

117. An electrochromic cell comprising:
an anodic electrode;
a cathodic electrode;

5 an electrolyte disposed between said

anodic and cathodic electrodes; and

means disposed between said electrolyte
and ‘at least one of &aid anodic and cathodic electrodes

for resisting compression of said electrolyte.

10 ' 118. The electrochromic cell of claim 117

wherein said electrolyte is substantially viscoelastic.

119. The electrochromic cell of claim 117
wherein gaid means for resisting compression comprise at

least one layer of compressive force resistant material.

15 120, The electrochromic cell of c¢laim 119
wherein said compressive force resistant material

comprises a printable ink.

121. The electrochromic cell of claim 119
wherein said compressive force resistant material is
20 configured as a discontinuous arrangement defining at

least one open space for receiving said electrolyte.

umm T " e
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enployed in this invention are dependent upon several factors such

as, for exanple, the pressure at which the I nks are applied, the
conposition of the inks, the drying time required for such ink or
sol vent before the next 15 succeeding layer is printed on top of
t he preceding | ayer. Drying time may be influenced by application
of hedWOSHHWSr air flowto the ink as it passes thr BGEHHSX7A§002

dryer. In nost cases, it is vital to evaporate any water present in
the ink prior to the application of subsequent 20 | ayers. Al though
this is a problemprimarily wth water based inks, it is also of
significance in regard to sol vent based inks, which generally have
better drying characteristics than water based inks but al so nmay
contain sone water either in solution or by condensation 25 i nt roduced
during the printing process. -74-

In the case of the rotogravure press, the tine
122. The electrochromic material of claim 119

wherein said compressive force resistant material
comprises supplemental compressive strength enhancing

material.

5 123. The electrochromic material of claim 122
wherein said supplemental compregsive strength enhancing
material comprises a plurality of spheres incorporated

within said compressive force resistant material.

124. The glectrochromiq_ ce}l of claim 123
10 wherein said spheres are formed from substantially rigid

material.
-

125. The electrochromic cell of claim 123
wherein the diameter of said spheres is less than about

50um.

15 126. A method of manufacturing an electronic

device, said method comprising the steps of:

(a) printing a surface of a first substrate
with a first printable ink to produce a first component of

an electronic device;

i - e
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al l owed for dryi
| ength of the we

ng a layer of ink may be increased by i ncreasing the

b between printing stations. Conventionally,

|l ength is increased by 5 positioning the dryer for each print stat
print station. The dryer contains a series of adjustable

above the
guide rollers or

web t hrough twestuBsers i ncreases the web
dancers may be 10 configured to make this distance any

cylinders. The
| engt h desired.

dancers through which the web passes. Passi ng

Addi tionally, the-dryer-may contain

heat i ng el enments, preferably infrared el enents, qu aJﬂ&ﬁﬁi

bl owers which in
present inside t
because i nfrared

crease or decrease the turbul ence of TH et
he dryer. Infrared heating 15 el “wﬁ%\
and al so works wel | on either

t he
i on

t he

di st ance PETURSEMA308% | nt

ow

il -

based i nks. And, the turbul ent blown air is preferably cool and

dry.

the drying variables of distafie, tipmintimgpepat grefapel 90 a apecondbw may

It is evident that the proper conbination of

vary widely with the ink enpl oyed at the result desired.

It will be appreSPRRUREALENE PRRABPoIFGRFaPle 1ok LR RIORICE BsPPEtIde of
qoRBit?bF an electrBRPE @RI dBLNOds, all of which

various products

contribute to th

10

15

20

- 75-

{c) joining said printed surfaces of said
first and second substrates in facing relation such that
said first and second components produce a functional

electronic device.

127. The wethod of claim 126 wherein said first
and second substrates are fabricated from flexible

material.

128. The method of claim 126 wherein said
electronic device is an electrochromic battery tester

device.

129. The wethod of claim 126 further comprising
performing printing step {a) and printing step (b) in a

high speed press.

130. The method of claim 129 wherein said high

speed press is a rotogravure press.

131. The method of claim 126 wherein step (c¢)
comprises passing said first and second substrates

simultaneously through a lamination apparatus,

T ——
e e
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whol e of

el ectrochromc cells may be rapidly and cost effectively
rigid substrates to produce, wi thout limtations, such
di verse apparatus as graphics 5 di spl ays, wist watch displays and
vol tage or state-of-
The present
wi t hout departing fromits spirit or .
y, reference should be 10 made to appended clains rather
f or egoi ng specification, as indicatiNisshe: 568RERN, L he

flexible or

Accor di ngl
than the
i nventi on.

t he

10

15

20

present invention, whereby reliable

charge indicators for batteries.

| wossn4sgsn nay be enbodi ed in other s pec PCTuss 718693

essenti al—attributes.

LT

substantially continuously monitoring at least one
characteristic of at least one of said first and second
gsubstrates, bringing one of said first and Bsecond
substrates into registration with the other of said first
and second substrates in response to said monitoring, and
uniting said first and second substrates into desired

registration.

132. Apparatus for manufacturing an electronic

device, said apparatus comprising:

means for printing a surface of a first
substrate with a first printablg ink to produce a first

component of an electronic device;

means for printing a surface of a second
substrate with a second printable ink to produce a sgecond

component of an electronic device; and

means for joining said printed surfaces of said
first and second substrates in facing relation such that
said first and second components produce a functional

electronic device.

133. The apparatus of claim 132 wherein said
first and second substrates are fabricated from flexible

material.
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-76- CLAI M5

VWhat is clainmed is: 1. A met hod of

manuf act uri ng an el ectrochrom c cell conprising the steps of:
5 printing a | ayer of electrode material on a
first substrate; printing a | ayer of electrolyte
mat eri al wosmszsai d el ectrode | ayer; and PCT/US97/18002

printing a layer of counter electrode

134. The apparatue of claim 132 wherein said

electronic device is an electrochromic cell,

135. The apparatus of claim 132 wherein said
means for printing a first substrate and means for

5 printing a second substrate of a high speed press.

136. The apparatus of claim 135 wherein said

high speed press is a rotogravure press.

137. The apparatus of claim 132 wherein said
' means for joining said prinééd'éﬁ}faces comprise means for

10 laminating said first and second substrates.
: <5

138. The apparatus of c¢laim 137 wherein said
laminating means comprisef méans. for substantially
continuously monitoring at least one characteristic of at
least one of said first and second substrates as said

15 substrates pass through said laminating means, means for
bringing one of said first and second substrates into
registration with the other of said first and second
substrates in response to said monitoring, and means for

uniting said first and second substrates into desired

20 registration. — -
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10 material on said electrolyte I|ayer such that when an

electrical voltage differential 1is introduced between sai d

el ectrode | ayer and said counter electrode |ayer, an

el ectrochem cal reaction occurs in said electrochromc cell. 15
2. The method of <claim 1 wherein said electrogamw%%&ftrolyte
and counter aveesdgd¥e naterial s copei se printing i .

.3. The method of <claim 2 wherein said el ectrode ink
conprises an indiumtin oxide based ink. 20 4. The met hod
of claim 2 wherein said el ectrolyte ink conprises a bismuth salt
based i nk. -77-

5. The nethod of claim2 wherein said counter el ectrode ink

conprises a carbon based ink

FIG. 1



6. The nethod of claim 2 wherein said el ectrode i nk has a

t hi ckness of between about 0.5 and 5 5 mi. 7. The
method of claim 2, wherein said el ectrolyte ink has a
t hi ckness of between about 0.05 and 50 ml. 8.
The nethod of claim2 wherein said counter 10 el ectrode ink has a
t hi ckness of wetswszs about 0.05 and 5 2/10 M. PCT/US97/180029.  The
method of claim 2 wherein said el ectrolyte ink conprises a two
part conposition wherein a first part of said conposition dries to
an essentially 15 non-tacky state and a second part of said fornulation
dries to a tacky state. =z 10. The method of claim11 further
conpri si ng the step of g_dgeri Byla sscond substrate to said counter
el ectrode | ayer. 20 w o 1'& THE nmet hod of claim 10 wherein said
first substrate conprils&Ea |ppj yvinyl chloride film
20
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12. The method of claim 10 wherein said second substrate conprises a

pol yvinyl chloride film 13. The nmethod of claim 12
wherein said first substrate has a thickness of between about 0.4
and 4 ml. 5 14. The nmethod of claim 12 wherein said second
substrate has a thickness of between about 0.4 and 4 m|.

15. The met hOWOBH14825ai m 10 further conprisiag the sPEFUEY % nting
at | east one layer of decorative ink on an indicia beating surfice
of said cell, said indicia 1Q bearing surface conprising said first
substrate, said Y strate, said electrode naterial, said

el ectrode materi g NNN\eunt er el ectrode mat eri al and a

_ \\1L§tive i nk. ~ 16.

The net hod of cl ain SN the step of enhancing the
N prior to printing on said

first substrate

conpri sing 3?

the step of enhancing the surfate_tension of said second
substrate pri '

nting on said second substrate: 20 18.

\ﬁhing a

first terminal in electrics




communi cation with said el ectrode | ayer.

-79- 19. The method of claim 18 further
conpri si ng the step of printing a second termnal in electrical
comuni cation with said counter el ectrode |ayer. 20. The
met hod of claim 19 wherein said first 5 and second el ectrodes conpri se
a vol tage di vindasi4s2s 21. &he net hod of cl aiPGTASHEERei n
said first voltage divider is printed with silver based ink

22. The nmethod of claim 1 further conprising printing at |east

one layer of dielectric material 10 bet ween said el ectrode | ayer and
sai d counter el ectrode | ayer . 23. The nethod of
claim 10 further conprising the step of lamnating said first and

second substr at es.




24. The nethod of claim 23 further conprising 15 the step of

regi stering one of said first and second substrates with respect to
the other of said first and second substrates prior to | am nation of
said first and second substrat es. 25. The net hod
of claim24 further conprising 20 the step of printing a patterned
| ami nati ng ackessnas2son one of saidsfyorst and secondPSTHSYAEORs pri or
to | am nation of said first and second substrates.
- 80- 26. The nethod of claim 1 further
conpri sing the step of fo%ﬂ ng an openi0dg in at | 248t one of said
first and second substrates. 27. A |l apel ,conprising an
el ectrochrom c cell 5 TNEN TS TN N RO Phe net hod of
claim 1. . PR AR S adisfe qevice for dry

i -
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cell batteries manufactured in accordance with the nethod of claim

1. 29. A visual display device manufactured in 10
accordance with the nmethod of claiml. 30. Signage
manuf actured in accordance with the nethod of claim 1.
31. A chronograph manufactured in accordance wi th the nethod of
claim 1. 15w0 98/14825 32. The nethog/ef claim1 wher BERUEH(EPP ayers
are printed in a single pass. 33. The nethod of claim1
wherein said | ayers are printed in nore than one pass.
34. The nethod of claim 1l wherei frsaig I ay%{s 20 are printed in two
passes. Ea = 8-
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35. The nethod of claim1 wherein said |ayers are printed by a

r ot ogravure press. 36. The nethod of claim1 wherein
mul tiple el ectrochromc cells are substantially sinmultaneously 5
manuf actured on a substrate web. 37. The nmethod of claim
36 wherein individual ones of said electrochromc cells are
sel ectively woesnsszsenovabl e from said welgg PCT/USA3/18082
met hod of manuf act uri ng an 10 el ectrochrom c cell
conprising the steps of: printing a | ayer of
el ectrode material on a first substrate,;
printing a |ayer gonprysSTHgza {irst part of an electrolyte materi al
on said electrodel|l a X 8 printing a layer of
counter electepdd ¢ mgEefial on a second substrate;
printing a | ay con% rg'_"_?g\ becond part of said electrolyte
material on sai ou%gr 4l &t fode materi al ; and 20
joining said first| aftisedodl $upstrates ——f———stuch—tHhat—said first and
second parts of serd"m‘e;:' TTotrylel ]
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- 82- mat eri al contact one anot her whereby said

joined first and second substrates produce a functional
el ectrochrom c cell. 39. The
method of claim 38 wherein the 5 conposition of said
first part of said electrolyte material is different
from the compewmisison of said 8/10 conposi t i oRCT/BYI7/18083 ¢
second part of said electrolyte mat eri al .
40. The nethod of claim 38 wherein one of said 10 - first and
second parts of said electrolyte material dries to an
essentially non-tacky _state and the other of said first and
second parts of saidjelectrolyte material dries to a tacky
state. —— 41. A nethod of manuf actd L’.U an
el ectrochromit — 15~ 1 c&TT Tonprising t_hEI st eps| o=
printing ala e of | el egtrdde It erial qn_a o~ ﬁgirsto
substrat e; djinb &Rayqr df Eklectrollyte materlial on| 8= [w
said el ectrodb Eayel' B b | a3
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20 printing a layer of counter electrode
material on said electrolyte |ayer such that when a

el ectrical voltage differential is introduced between said

el ectrode layer and said counter electrode |ayer, an

el ectrochem cal reaction occurs in said electrochromc 25
cell where woognags 9/10 - 83- PCT/US97/18002
said electrode, electrolyte and counter el ectrode material s
conprise printing inks wherein said "electrolyte ink conprises a two
part conposition wherein a first part of said conposition dries to
an essentially 53 non-jtacky sfate and a second part of said fornulation
dries to a tacky s&\e;t% =e 42. A m i manuf act uri ng an
el ectrochrom c %II cgngri §ing the steps pf£ 2 9
printing a | ayer of |el<|ctjirode”maferial ¢gn a 10 ‘;g.f.ig_gs ubstrate;
printing a | ayer of ‘eteet+ptyte—mteri al on%aiﬁl ectrode | ayer; and
printing a | ayer & veuntdFT el ect fode matgrfal _onjsaid el ectrol yte;
| ayer such that f lfect rd aﬂ vol t age
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differential is introduced between said el ectrode | ayer 15 and said
counter electrode |layer, an electrochem cal reaction occurs in
said electrochromc cell further; conprising the step
of adhering a second substrate to said counter electrode | ayer and
the step of | am nating said first and second substrates wherein;

the step of rRysalLEi Ng one of said firstyg/p and secondPGUUR/I88%s wi t h
respect to the other of said first and second substrates prior to

| am nation of said first and second substrates. -

- 84- 43. Apparat us for manuf act uri ng an
el ectrochrom c cell, said apparatus conpri sing: nmeans
for printing a | ayer of el ectrode material on a first substrate;
means for printing a | ayer of electrolyte material on said el ectrode
| ayer; and means for printing a | ayer of counter

el ectrode material on said electrolyte |ayer such that when an

el ectrical voltage differential is introduced
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between said el ectrode | ayer and said counter el ectrode, ~ layer, an

el ectrode reaction occurs in said electrochromc cell. ﬁ?ﬂﬁw’g w.é 44,
The apparatus of claim43 wherein said el ectrode, electrolyte and
counter electrode materials conprise printing inksjﬂﬁT e 5

45. The apparatus of claim 44 wherein said el ectrode i nk conprises an
indiumtin oxide based ink. 15 46. The apparatus of claim 44
~wherein said el ectrolyte ink conprises a bisnmuth salt based ink.

47. The apparatus of claim44 wherein said counter el ectrode ink

conprises a carbonghasedil Nkntact one another é%éréEQGGQQQaGQEHédOEifé@j”‘44
wherein said 20 electrode ink has a thickness of bétween about 0.05 and 5

49. The apparat us ahdcséaddndd4ubbieraeies poddice a fukttEichadl ¥yie-trmkhbasida

t hi ckness of between about 0.05 and SOml.
50. The apparatusced}- claim44 wherein said counter el ectrode
ink has a thickness of between about 0.05 and 5 ml.

51. The apparatus of geclahm dBofurbPercyfa 3o"ORRELELNO BRANS
for adhering a second substrate to sal

5 composition of said first part of said electrolyte
material is different from the composition of said
composition of said second part of said electrolyte

material.

40. The method of claim 38 wherein one of said

10 first and second parts of said electrolyte material dries
to an essentially non-tacky stéte and the other of said

first and second parts of said electrolyte material dries

to-a tacky state.

41. A method of manufacturing an electrochromic
15 cell comprising the steps of:
printing a layer of electrode material on a
first substrate;
%&i printing a layer of electrolyte material on

said electrode layer; and
") -

20
printing a layer of counter electrode

material on said electrolyte layer such that when a
electrical voltage differential is introduced between said
e{ggtrode layer and said counter electrode layer, an
P

electrochemical reaction occurs in said electrochromic

25 cell where
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counter el ectrode |ayer. 52. The apparatus of claim51

Wherein said first substrate conprises a polyvinyl chloride film
53 . The apparatus of claim52 wherein said 10 second substrate
conprises a polyvinyl chloride film 54. The appar at us
of claim 51 further conprising neans for printing at

| east one |ayer of decorative ink on an indicia bearing
surface of said cell, said indicia bearing surface conprising said
first 15 substrat e, said second substrate, said el ectrode
material, said electrolyte material, said counter el ectrolyte
material, and a previously deposited |ayer of sai'd decorative ink
55. The apparatus of clafd 54lectyodet hepleck@olyteomprd siaegrheans  for
enhanci ng the surface tension of ~said first substrate prior to
printing on said (F:\.e’l.cgf:ode ““aterlgbbsf?%ﬁréFSG printing inks wherg§fn Fhd

appar at us of claim 54  further conprising nmeans for enhancing
the surface tensiBfGfFolyte ink ofpgisttcdng s iEStr ePI5EE 6P tdrepeintd ng on
sai d second substrat e. - 86-

first part of said composition dries to an essentially

5 non-tacky state and a second part of said formulation
dries to a tacky state.

42. A method of manufacturing an electrochromic

w cell comprising the steps of:

printing a layer of electrode material on a
10 first substrate; printing a layer of electrolyte material
on said electrode layer; and printing a layer of counter
electrode material on said electrolyte;
layer such that when a electrical voltage
differential is introduced between said glectrode layer
15 and said counter electrode 1layer, an electrochemical
reaction occurs in said electrochromic cell further;

S comprising the step of: adhering a second
substrate to said counter electrode layer and the step of
laminating said first and second substrates wherein;

20 the step of registering oné of said first

and second substrates with respect to the other of _said

first and second substrates prior to lamination of said

first and second substrates.
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57. The apparatus  of claim 43 furth@msmma&hst
for printing a first termnal in iﬂ nectlon mnth

said electrolyte |ayer. claim
57 further 5 conprising neans for r ng a second ternlnal
I n el ectrical comunication with sald el ectrolyte | ayer.
59. The apparatus of claim58 wherein said first and second
el ectrodes conprise a voltage divider. 60. The appar at us
of claimb59 wherein said 10 vol tage divider is disposed between said
el ectrode | ayer ds ter trod
61 The apparatus of claln?GO ﬁ%%?ggﬁgsal A 58“?%%% éIVIder é%hprises
a silver based ebéctrochromic cell, said &pbaratie cappalkahys of claim 43
further 15 conpri si ng neans for printing dielectric material between
said el ectrode |ayer and said counter el ectrode IaY r.
63. The apparatus of clafganssifor fRFiMeRg a lavepnpli stagtwedmhs for
| am nati ng sald flrst and s eco q‘ substrat es 20 64.
The apparat us i gint TEPC spRPERRES conpri sing means for
regi stering one of first and second

5 means for printing a layer of electrolyte

material on said electrode layer; and

means for printing a layer of counter

electrode material on said electrolyte layer such that
when an electrical voltage differential is introduced
10 44. The apparatus of claim 43 wherein said
electrode, electrolyte and counter electrode mwaterials
comprise printing inks.
45. The apparatus of claim 44 wherein said
electrode ink comprises an indium tin oxide based ink.
15 46. The apparatus of claim 44 wherein said
‘o electrolyte ink comprises a bismuth salt based ink.

47. The apparatus of claim 44 wherein said

counter electrode ink comprises a carbon based ink.

48. The apparatus of claim 44 wherein said
20 electrode ink has a thickness of between about 0.05 and S

wil.

49. The apparatus of c¢laim 44 wherein said

electrolyte ink has a thickness of between about 0.05 and

50 wil. REPLACEMENT SHEET:
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substrates with respect to the other of said first and

second substrates prior to lamnation of said first and second
substrat es. 65. The appar at us of claim 64

further conprising nmeans for printing a patterned lamnating 5
adhesive on one of said first and second substrates prior to

| am nation of said first and second substrates. 66. The
appar at us of claim 434 ﬁ%&thﬁ$aracus ocEOMPEL®I g NBARSihHOorsafiar m ng
an opening in said first substrate. 10 67. The
apparatus of cl aiowmnd8r whenebde & chas a thigkeess ochr batceepeldbougrns a
pressure sensitive adhesive | abel . 68 The apparat us
of claim 43 whereith %afed 5 ™i1. el ectrochronic cell forns a state of charge
testing 15 device for dry cell batteries. The

, 60,
apparatus of clai m43 wher &ln s&hel appParalsect PhchFoiit céld fiorber

visually pergeptlbLghégfilkgymeans for adhering a second substrate to said

counter electrode layer.

52, The apparatus of claim 51 wherein said

first substrate comprises a polyvinyl chloride film.

53 . The apparatus of claim 52 wherein said

10 second substrate comprises a polyvinyl chloride film,

54 . The apparatus of claim 51 further
comprising means for printing at least one layer of
decorative ink on an indicia bearing surface of said
cell, said indicia bearing surface comprising said first

15 substrate, said second substrate, said electrode
material, said electrolyte material, said counter

electrolyte material, and a previously deposited layer of

said decorative ink.

55. The apparatus of claim 54 further
20 comprising means for enhancing the surface tension of
said first substrate prior to printing on said first

substrate.

56. The apparatus of -claim 54 further
comprising means for enhancing the surface tension of
said second substrate prior to printing on said second

substrate.

g6 REPLACEMENT SHEET

RN R TO RA || o3 saw




devi ce. 70. The apparatus of claim43 wherein said 20

el ectrochromc cell forns a sign display. 71. The
apparatus of claim43 wherein said el ectrochromic cell forns a
chr onogr aph. - 88- 72. The apparat us of
cl ai m 43 wherein each of said printing neans are arranged such that
sai d appar at us prints all of said |layers in a single pass.

73. The apparatus of claim43 wherein each of 5 said printing neans
are arranged such that said apparatus prints all of said layers in
nore than one pass. 74. The apparatus of claim43
wherei n each of sard phent i IRPAFBEHE ard argkriged $dich frshesai d
apparatus grints all of s%id Iaéers.in two _passes. .10 .

75. The appar at G CPEi P SwndPE nPERRHTG 2 Lirst s figgmiggd, sinre

printed by a rotg §1P pe 3 . . ] ppar at us of
claimas mhereinQ%%ﬁ%%ﬁglé ESiiction with said electrof&%eiaggeg.

58. The apparatus of claim 57 further
S comprising means for printing a second terminal in

electrical communication with said electrolyte layer.

59. The apparatus of claim 58 wherein said

- first and second electrodes comprise a voltage divider.

60. The apparatus of claim 59 wherein said
10 voltage divider is disposed between said electrode layer

and said counter electrode layer.

61 The apparatus of claim 60 wherein said

voltage divider comprises a silver based ink.

62. The apparatus of claim 43 further
15 comprising means for printing dielectric material between

said electrode layer and said counter electrode layer.

63. The apparatus of claim 51 further
comprising means for laminating said first and second

substrates.

20 64. The apparatus of = claim 3 further
comprising means for registering one of first and second
substrates with respect to the other of said first and

——
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el ectrochromc cells are substantially sinmultaneously manuf act ur ed
on a substrate web. 15 7.7. The apparatus of claim76
wherein i ndi vi dual ones of said electrochromc cells selectively
renovabl e from said web. 78 The apparatus of claim75
wherein said rotogravure press conprises chemcally etched printing
20 cyl i nders. ' 79. A printable el ectrode I nk

for an el ectrochromc cell, said electrochromc ink conprising:

- 89- a plating agent receptor;

a solvent; and a binding agent wherein said binding
agent Is selected fromthe group consisting of polyvinyl 5

chl ori de, pol yvi nylsebotgr aibstamitgbi praomd o t focelatibosef said first and

80. The electrode ink of claim79 wherein said pl ati ng agent
receptor is sel ect S¢cPRInsulisErgtetp consisting of indium tin
oxide, tin oxide, antinony

65. The apparatus of <claim 64 further
comprising means for printing a patterned laminating
) adhesive on one of said first and second substrates prior

to lamination of said first and second substrates.

66. The apparatus of claim 43 further

comprising means for forming an opening in said first
substrate.

10 67. The apparatus of claim 43 wherein said
electrochromic cell forms a pressure sensitive adhesive
label.

68 The apparatus of claim 43 wherein said
electrochromic cell forms a state of charge testing

15 device for dry cell batteries.

=’ 69. The apparatus of claim 43 wherein said

electrochromic cell forms visually perceptible display

device.

70. The apparatus of claim 43 wherein said

20 electrochromic cell forms a sign display.

71. The apparatus of claim 43. wherein said

electrochromic cell forms a chronograph.
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tridxide, and tin oxide doped with hydrogen fluoride. 10 81

The el ectrode ink of claim79 wherein said solvent is selected from
t he group consisting of nornal propyl acetate, ethyl alcohol, and
wat er . 82. The electrode ink of claim79 herein said
pl ati ng agent receptor is present in an anmount of from about 20 to
about 80 wei ght percent, said solvent is 15 present in an anount of
fromabout 15 to about 75 wei ght percent, and said binding agent is
present in an anount of fromabout 5 to about 40 wei ght percent.
83. An electrochromc cell conmprising the 20 el ectrode ink of
claim 79 72. The apparggus @f Cﬁfallﬂt 4Bl eheetigrtqasihyifc i nk
for an eIegtrochon1c cell, said el g ront|%—|nk conpri si ng:
a p| ati ng agent; sal printing means are arrz(;j{i 8? n ha Sgll ap aratus
8 ool vents A prince all of said layerf R0 0g AOGALWher ei n sai d bi ndi ng
73. The apparatus of claim 43 wherein each of
5 said printing means are arranged such that said apparatus
prints all of said layers in more than one pass.
74. The apparatus of claim 43 wherein each of
—r said printing means are arranged such that said apparatus
prints all of said layers in two passes.
10 75. The apparatus of claim 43 wherein each of
said layers are printed by a rotogravure press.

76 The apparatus of claim 43 wherein wmultiple
electrochromic cells are substantially simultaneously
manufactured on a substrate web.

15 77. The apparatus of claim 76 wherein
o individual .ones of said electrochromic cells selectively
s

removable from said web.

78 The apparatus of claim 75 wherein said
rotogravure press comprises chemically etched printing

20 cylinders.

79. A  printable electrode ink for an

electrochromic cell, said electrochromic ink comprising:

\__
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sel ected fromthe group consisting of polyvinyl butyral, pol yvi nyl

chloride, acrylic, nitrocel | ul ose, and a copol ynmer of vinyl
chl ori de. 10 85. The electrolytic ink of claim84 wherein
said plating agent is selected fromthe group consisting of
WJerr], Mo(Qerr], Vlerr]Qerr], Nb[err]Jerr] and Bil[err].
86. The electrolytic ink of claim85 wherein said plating agent is
BiC[err]. 15 87. The electrolytic ink of claim85 wherein
said plating agent conprises fromabout 0.2 to about 1.0 wei ght
percent of said ink. lating a%éﬁi fhepebectrol ytic ink of claim
84 wherein sai d humect dnt h|un1bron1de 20 89.
The electrolytic ink of claim88 mhereln sai d humectant conpri ses
from about 4 to about 10 wei ghtsolvent; ampdrcent of said electrolytic ink.
-91-
a binding agent wherein said binding agent
is selected from the group consisting of polyvinyl
5 chloride, polyvinyl butyral, acrylic and nitrocellulose.

80. The electrode ink of claim 79 wherein said

plating agent receptor 1is selected from the group
e consisting of indium tin oxide, tin oxide, antimony
trioxide, and tin oxide doped with hydrogen fluoride.

10 81. The electrode ink of claim 79 wherein said
solvent 1is selected from the group consisting of normal
propyl acetate, ethyl alcohol, and water.

82. The electrode ink of claim 79 herein said
plating agent receptor is present in an amount of from
about 20 to about 80 weight percent, said solvent is

15
present in an amount of from about 15 to about 75 weight

C percent, and said binding agent is present in an amount
o
of from about S5 to about 40 weight percent.

83 An electrochromic cell comprising the

20 electrode ink of claim 79

e A
e
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90. The electrolytic ink of claim 84 wherein said solvent is

sel ected fromthe group consisting of an al cohol, an acetate, an
al cohol and acetate blend, a ket one, and tol uene. 5

.91 The electrolytic ink of claim90 wherein said al cohol is
selected fromthe group consisting of et hyl, isopropyl, nornal
propyl and nethyl al cohol, said acetate is selected fromthe group

consi sting of ethyl, oprop or propyl, and nethyl acetate;

and said 10 al cohol an84ac§t aP&™ éF%%ﬁz nggﬁt Ei*“éléﬁﬁbligﬁﬂ Mt ma

propyl acetate bl &0éhtrochromic cell, said e?g LﬁG1 LEQ¥ % ink of claim
an

91 wherein said solvent is ﬁﬁﬁng%nal
propyl acetate bl end. 15 The el ectrolytic ink
of claim 90 wherein sai d sbdmm@nagem@rlses fron1about 10 to about 60
wei ght ' percent of said electrolytic ink. 94. The
electrolytic ink of claim 90 mhe{ein sai d bi ndi ng agent I s pol yvi nyl
butyral . a humectant; -92-
REPLACEMENT SHEET

5 a solvent; and

a binding agent wherein said binding agent
selected from the group consisting of polyvinyl butyral,
poelyvinyl chloride, acrylic, nitrocellulose, and a

copolymer of vinyl chloride.

10 85. The electrolytic ink of claim 84 wherein
said plating agent is selected from the group consisting

of WO,, MoO,, V;0s, Nb,0, and BiCl;.

86. The electrolytic ink of claim 85 wherein

said plating agent is BiCl,,

15 87. The electrolytic ink of claim 85 wherein
said plating agent comprises from about 0.2 to about 1.0

weight percent of said ink.

88. The electrolytic ink of claim g4 wherein

said humectant is lithium bromide.

20 89. The electrolytic ink of claim 88 wherein
said humectant comprises from about 4 to about 10 weight

percent of said electrolytic ink.

-91-

TR NG | REPLACEMENT SHEET

03 JAN 2000




95. The electrolytic ink of claim90 wherein sai d bi ndi ng agent

conprises fromabout 2 to about 30 wei ght percent of said

el ectrolytic ink. 96. The electrolytic ink of claim84
wherein 5 said solvent 1is selected fromthe group consisting of

wat er, al cohol and an aqueous al cohol sol ution. 97. The
electrolytic ink of claim96 wherein said solvent is a water and

i sopropyl al cohol sol ution. 98. The electrolytic ink of
claim96 wherein 10 sai d solvent conprises fromabout 15 to about 50
wei ght percent of said electrolytic ink. 99. The
electrolytic ink of claim96 wherein sai d binding agent is selected
fromthe group consisting of pol ysacchari de, nitrocel | ul ose,
hydr oxyet hyl 15 cellulose, acrylic, vinyl and a copolymer of

vi nyl _ chlori de. 9p. The electrohQc T %fecélracll Y€ kAl ¢l aim
99 wherein sai d binding agent is polysaccharid

101. The el ectrokytidcsoDkedf 14 aldNeBedher e rtheZQ;roupsabdsbémgﬁgafa%ﬁt
conprises fromabout 2 to about 30
alcohol, an acetate, an alcohol and acetate blend, a

ketone, and toluene.

5 g1. The electrolytic ink of claim 90 wherein
said alcohol is selected from the group consisting of
ethyl, isopropyl, normal propyl and methyl alcohol, said
acetate is selected from the group consisting of ethyl,
isopropyl, normal propyl, and methyl acetate; and said

10 alcohol and acetate blend is an ethyl alcohol and normal

propyl acetate blend.

92. The electrolytic ink of claim 91 wherein
said solvent is an ethyl alcohol and normal propyl

acetate blend.

15 93. The electrolytic ink of claim gp wherein
said solvent comprises from about 10 to about 60 weight

percent of said electrolytic ink.

94. The electrolytic ink of claim 90 wherein

said binding agent is polyvinyl butyral.

IR W
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meiéht per cent

7 93-

of said electrolytic ink
102. The electrolytic ink of claim84

further conprising a scrubbing agent. 103. The

el ectrolytic ink of claim 102 wherein - said scrubbing agent is copper
(1) chloride. 5 104. The electrolytic ink of claim84
further conprising at | east one pignent. 105. The
el ectrolytic ink of claim84 further conprising nmeans for resisting
conpression of said el ectrolytic ink when said electrolytic ink is

depl oyed 10

106. The electrolytic ink

as a conpopent qf an el ectrochromic cell. . )
R0 e e GRay e Sk Cof clain WRanbersin

resisting conpresgiop Bﬂ{ﬂlrﬂgseagaean Ll:gcﬂrlpirjiﬁes from aBbuBPRETES: about 30

5
\'1‘45?"
10
15
20

weight percent of said electrolytic ink.

96. The electrolytic ink of claim 84 wherein
said solvent 1s selected from the group consisting of

water, alcohol and an agqueous alcohol solution.

97. The electrolytic ink of claim 9¢ ‘.herein

said solvent is a water and isopropyl alcohol solution.

98. The electrolytic ink of claim 96 wherein
said solvent domprises from about 15 to about 50 weight

percent of said electrolytic ink.

99. The electrolytic ink of claim 96 wherein
said binding agent is selected from the group consisting
of polysaccharide, nitrocellulose, hydroxyethyl
cellulose, acrylic, vinyl and a copolymer of vinyl

chloride.

100. The electrolytic ink of claim 99 wherein

said binding agent is ‘polysaccharide.

101. The electrolytic ink of claim 99 wherein
said binding agent comprises from about 2 to about 30

weight percent of said electrolytic ink.

Ay
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107. The electrolytic ink of claim106 wherein 15 said spheres are

formed from substantially rigid material ..

108. The electrolytic ink of claim 106 wherein the diameter of said
spheres is less than about 50[err]m 109. "An

el ectrochromc <cell conprising the 20 el ectrolytic ink of claim84
-94- 110. An electrolytic mat eri al

formul ation conpri si ng: a first part

i ncl udi ng: bismuth trichloride as a plating 5
agent; l'ithium brom de as a hunectant;

102. The electrolytic ink of claim 84 further

comprising a scrubbing agent.

103. The electrolytic ink of claim 102 wherein

said scrubbing agent is copper (II) chloride.

5 104. The electrolytic ink of claim g4 further

comprising at least one pigment.

= 105. The electrolytic ink of claim 84 further
comprising means for resisting compression of said
electrolytic ink when said electrolytic ink is deployed

10 as a component of an electrochromic cell.

106. The electrolytic ink of claim 105 wherein
said means for resisting compression comprise a plurality

of spheres.

107. The electrolytic ink of claim 106 wherein
15 said spheres are formed from substantially rigid

Al material..

108. The electrolytic ink of claim 106 wherein

the diameter of said spheres is less than about 50um.

109. An electrochromic cell comprising the

20 electrolytic ink of claim 84 .

——ee . S
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a blend of ethyl alcohol and nornal
acetate as a solvent; and

a binding agent; 10

second part i ncluding:

propyl
pol yvinyl butyral as
and ' a
bismuth trichloride as

a plating agent;

l'ithiumbrom de as a hunectant; 15 a water and
i sopr opyl al cohol solution as a solvent; and
pol ysacchari de as a bindi ng agent. 111. An electrolyte
material conprising an esse tiall¥ non-tacky first electrolyte and
a tacky 20 second eIeéﬁPoI??e. electrolytic material formulatippy  Ap

el ectrochrom c cgbhpggggkLsing:

an anodi c el ectrode;

a first part including:

10

bismuth trichloride as a plating

agent;
lithium bromide as a humectant;

a2 blend of ethyl alcohol and norhal

propyl acetate as a solvent; and

polyvinyl butyral as a binding agent;

and

a second part including:

bismuth trichloride as a plating

agent;

lithium bromide as a humectant;

15 a

water

and isopropyl alcohol

solution as a solvent; and

polysaccharide as a binding agent.

111, An electrolyte

essentially non-tacky first

20 second electrolyte.

et

ML L

material comprising an

electrolyte and a tacky
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a cathodi c el ectrode; an electrolyte disposed

bet ween said 5 anodi ¢ and cat hodi c el ectrodes; and

nmeans carried by said electrolyte for resi sting conpression of said
el ectrol yte. 113. The electrochromic cell of claim
112 wherein said electrolyte is substantially viscoel astic. 10
114. The electrochromc <cell of <claim 112 wherein said neans
for resisting conpression conprise a plurality of spheres

i ncorporated wthin sai d el ectrol yte. 115. The
el ectrochromc cell of claim114 15 wherein said spheres are forned
fromsubstantially rigid mat eri al . 116. The

el ectrochronmic cell of clatd? 1P electrogiremérncehle aprpmising of sai d
spheres is |l ess than about 50[err]m

- 96-

an anodic electrode;
a cathodic electrode;

an electrolyte disposed between said

5 anodic and cathodic electrodes; and

means carxried .by said electrolyte for

resisting compression of said electrolyte.

113. The electrochromic cell of claim 112

wherein said electrolyte is substantially viscoelastic.

10 114. The electrochromic cell of claim 112
wherein said weans for resisting compression comprise a
plurality of spheres incorporated within said

electrolyte.

115. The electrochromic <cell of claim 114
S 15 wherein said spheres are formed from substantially rigid

material.

116. The electrochromic cell of claim 114
wherein the diameter of said spheres is less than about

S50um.

NN 0
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117. An el ectrochromic cell conpri si ng: an anodi c

el ectrode; a cat hodi c el ectrode; 5

an electrolyte di sposed bet ween said anodi ¢ and cat hodi c

el ectrodes; and nmeans di sposed between said

el ectrolyte and at | east one of 'said anodic and cat hodi c el ectrodes
for resisting conpression of said electrol yte. 10 118. The
el ectrochromic <cell of <claim 117 wherein said electrolyte is
substantially viscoel astic. 119. The el ectrochrom c cel

of claim 117 wherein said neans for resisting conpression conprise
at | east one | ayer of conpressive force resistant material . 15
120. The electrochromc <cell of claim 119 wherein said
conpressive force resi nt, ' : ' .a printable ink.
122? The el ectrochrom c ce?%ﬁb#ukgg%ﬁgﬁﬁ%Promlc ce%ﬁ%?%%%géé ‘d conpressive

force resistant nmateri al S
' an anodic electrode;

a cathodic electrode;

5 an electrolyte disposed between said

anodic and cathodic electrodes; and

means disposed between said electrolyte
and at least one of said anodic and cathodic electrodes
for resisting compression of said electrolyte.
10 118. The electrochromic cell of claim 117
wherein said electrolyte is substantially viscoelastic.
119. The electrochromic cell of claim 117
wherein said means for resisting compression comprise at
least one layer of compressive force resistant material.
st 15 120. The electrochromic cell of claim 1189

wherein said compressive force resistant material

comprises a printable ink.

121. The electrochromic cell of «claim 119
wherein said compressive force resistant material is
20 configured as a discontinuous arrangement defining at

least one open space for receiving said electrolyte.

| ?!lll[[ Iﬂly-lﬂﬂ ] ]H!F o ~ [REPLACEMENT SHEET
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20 configured as a discontinuous arrangenent defining at
|.east one open space for receiving said electrolyte.

122. The el ectrochromc material of claim 119 wherein said
conpressive force resistant mat eri al conprises suppl enental
conpressive strength enhancing mat eri al . 5 123.
The el ectrochrom c material of claim 122 wherei n said suppl enent al
conpressi ve strength enhanci ng material conprises a plurality of
spheres incorporated wi thin said conpressive force resistant

mat eri al . 124. The electrochromc cell of claim123 10
wherein said spheres are fornmed fromsubstantially rigid mat eri al
125. The el ectrochroni ¢ celli22ef Te¢ aphedizPchromic mpherisiln ehectaametdy of
said spheres is | ess than about 50 [err]m 15 126. A

method of manuf alP6FPRY af®ie| eCPPBFRTSIve  forgeyivgsissant neekeyial

conprising the St%B%pgises supplemental compressive strength enhancing

material.

5 123. The electrochromic material of claim 122
wherein said supplemental compressive strength enhancing
material comprises a plurality of spheres incorporated

e within said compressive force resistant material.

124. The electrochromic cell of claim 123
10 wherein said spheres are formed from substantially rigid

material.

125. The electrochromic cell of claim 123
wherein the diameter of said spheres is less than about

50um,

15 126. A wmethod of manufacturing an electronic

device, said method comprising the steps of:

(a) printing a surface of a first substrate
with a first printable ink to produce a first component of

an electronic device;

20

I
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(a)iprinting a surface of a first substrate with a first printable

lsnk to produce a first conponent of an el ectroni c device; 20

(b) printing a surface of a second substrate with a second
printable ink to produce a second conmponent of an el ectronic

devi ce; and 5 (c) joining said printed surfaces
of said first and second substrates in facing relation such that
said first and second conponents produce a functional el ectronic
devi ce. 127. The nethod of claim 126 wherein said first
10 and second substrates, are fabricated fraom flexible

materi al . 198, Th@ AR of TH Cf26°§h Pei CEQPY

el ectroni c devi ce, e roc, 15C et eyi 15
o5 e et e SPPEAREEYSEH R ORI pRAA L KGRI produce doHLEShe

component of an electronic device; and

5 {c) joining said printed surfaces of said
first and second substrates in facing relation such that
said first and second components produce a functional

electronic device.

127. The method of claim 126 wherein said first
10 and second substrates are fabricated from flexible

material.

128. The method of c¢laim 126 wherein said
electronic device is an electrochromic battery tester

device.

15 129. The method of claim 126 further comprising
performing printing step (a) and printing step (b) in a

high speed press.

130. The method of claim 129 wherein said high

speed press is a rotogravure press.

20 131. The method of claim 126 wherein step (c)
comprises passing said first and second substrates

simultaneously through a lamination apparatus,

_____ - -99- REPLACEMENT SHEET
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performng printing step (a) and printing step (b) in a hi gh speed
press. 130. The nethod of claim 129 wherein said high
speed press is a rotogravure press. 20 131. The net hod of
claim 126 wherein step (c) conprises passing said first and second
substrates si mul t aneousl y t hr ough a | am nati on appar at us,
substantially continuously nonitoring at |east one
characteristic of at |east one of said first and second substr at es,
bringi ng one of said first and second substrates into registration
with the other of said first 5 and second substrates in response to
said nonitoring, and uniting said first and second substrates into
desired r egswidtaintdally continuously mohBRoriMgparaat usldaat one
manuf act uring an el ectronic devi ce, said apparatus conprising: 10
means for printi@practegisticeot oft keadt ragre of saidsfihret aperdwseond
first printable ink to produce a first . .

substrates, bringing one of said first and second

substrates into registration with the other of said first

5 and second substrates in response to said monitoring, and
uniting said first and second substrates into desired

registration.

- 132. Apparatus for manufacturing an electronic

device, said apparatus comprising:

10 means for printing a surface of a first
substrate with a first printable ink to produce a first

component of an electronic device;

means for printing a surface of a second
substrate with a second printable ink to produce a second

15 component of an electronic device; and

means for joining said printed surfaces of said
first and second substrates in facing relation such that

said first and second components produce a functional

electronic device.

20 133. The apparatus of claim 132 whexein said

first and second substrates are fabricated from flexible

material.
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conmponent of an el ectronic devi ce; means for printing a
surface of a second substrate with a second printable ink to produce
a second 15 conponent of an el ectronic device; and

means for joining said printed surfaces of said first and second
substrates in facing relation such that said first and second
conponents produce a functional el ectroni c device. 20

133. The apparatus of claim 132 wherein said first and second
substrates are fabricated fromflexible materi al .

134. The apparatus of claim 132 wherein said el ectronic device is
an el ectrochromc cell. 134. The apparatug3®f THaigppdRatwhersfine|siig 132

wherein said means for printing first substrate and neans for 5
printing a second®SASPPACSRYNICE he G S1a8HF T Rge celi] 136,

The apparatus of claim 135 wherein said hi gh speed press is a
rotogravure press. 135. The apparatus of claim 132 wherein said

means for printing a first substrate and means for

S printing a second substrate of a high speed press.

136. The apparatus of c¢laim 135 wherein said

high speed press is a rotogravure press.

137. The apparatus of claim 132 wherein said
means for joining said printed surfaces comprise means for

10 laminating said first and second substrates.

138. The apparatus of claim 137 wherein said
laminating means comprise means. for substantially
continuously monitoring at least one characteristic of at
least one of said first and second substrates as said

15 substrates pass through said laminating means, means for
bringing one of said first and second substrates into

Nost registration with the other of said first and second
sﬁbstrates in response to.said monitoring, and means for

uniting said first and second substrates into desired

20 registration.

R O o
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137. The apparatus of claim 132 wherein said means for joining said
printed surfaces conprise neans for 10 | am nating said first and second
substrat es. 138. The apparatus of claim 137 wherein said
| am nating neans conprise means for substantial ly conti nuously
nmonitoring at | east one characteristic of at | east one of said first
and second substrates as said 15 substrates pass through said

| am nati ng neans, neans for bri ngi ng one of said first and second
substrates into registration with the other of said first and second

substrates in r %gggﬁst %@aﬁﬂﬁﬂ%%gﬁggﬁmﬁgg é%ﬂﬁoéﬁomxc cerLsiN 11 ng
said first and n.

139. A nethod of manufacturing an el @88TRARTC devi ce conprising the
steps of: providing a first substrate;

printing with a first printable ink to 5 produce a first electrode |ayer;
printing with a Asmoatuprigndabimetheds t for wappigdliveing sedsntrEheeridde
layer; rs of va¥iblli ﬂ&svv'a&@ %r@ntféd%’n ehsst ¥t b

ls. La
to produce a %lrst gFectrontlc | ayer; rlnglng wth a
second e|ecppgﬂ%ugrénp¥ng tgans. The electrochromlc cells comprlse layers of

electrode (26), electrolyte (28), and counter electrode (30) ink
materials which are printed on at least one substrate (54). When
an electrical voltage differential is introduced between the

electrocde and counter electrode layers, an electrochemical

o reaction occurs in the electrochemical cell.
Figure 10
,
M
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produce a second electrolytic |ayer; and coal esci ng
the first electrolytic |ayer and the second electroﬁﬁéﬁd%fﬁyeé. 15
140. The  nethod  of claim 139, wher ei n: f sorry  at

| east one of the first and second el ectrolytic Iayers*f%%lugg; a

pl ati ng agent in a weight percent from about 0.2%to about 1.0% and

a hunectant in a weight percent formabout 20 4%to about 10%

141. The nmethod of43.cl appardSds Wh&dei N manufacturing an one of
the first and second electrolytic | ayers includes a solvent in a

wei ght per c&aftectyoghapoic cebl, 199bd GRrAFOREUE0PPrRILEing a
bi ndi ng agent in a weight percent from about 2% to about 30%

142. The nmethod of claim 141, rein: 0 t he
other of the first andme%%%oéﬂr Pg!ﬁ%kﬁﬁr%|3?¥8r|éV%rﬁl?ﬁ%¥%ﬂ%s a

sol vent in gMmeihghy BREMSCPirst sugééygf%EOUt 15% to about 50% and

-102- I ndi ng agent in a weight percent
from
5 means for printing a layer of electrolyte

material on said electrode layer; and

means for printing a layer of counter
electrode material on said electrolyte layer such that
when an electrical voltage differential is introduced
between said electrode layer and said counter electrode

layer, an electrode reaction occurs in said electrochyomic cell.

10 44. The apparatus of claim 43 wherein said
electrode, electrolyte and counter electrode materials

comprise printing inks.

45. The apparatus of claim 44 wherein said

electrode ink comprises an indium tin oxide based ink.

15 46. The apparatus of claim 44 wherein said

electrolyte ink comprises a bismuth salt based ink.

47. <The apparatus of claim 44 wherein said

counter electrode ink comprises a carbon based ink.

48. The apparatus of claim 44 wherein said
20 electrode ink has a thickness of between about 0.05 and S

mil.
—

49. The apparatus of claim 44 wherein said

electrolyte ink has a thickness of between about 0.05 and

_ o5 [REPLAGEMENT SHEET
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about’ 2% to about 30% 143. The net hod of clai m 139,
wherein at |east one 5 of the first and second el ect r géijl%s»* ncl udes:
a plating agent receptor in a weight percent from about Z0%to about
80% a binding agent in a weight pe!;}ggn@;ﬁ;@rm

about 5% to about 40% and 10 a solvent in a weight
percent from about 15% to about 75% 144. The net hod
of claim 139, wherein at |east one of the first and second
electrolytic layers includes at least 15 one of a chlorine humectant, a
sul fur henmectant, a brom de salt humectant and a |ithium brom de
hunect ant . 145. The nethod of claim 139, wherein at |east one
of the firshiglactmeodavray@ontehe sagenderl@cingde haysia thRa R0
first electrolytic |ayer and the second electrolytic |layer is formed
by a rotogravurespuegst tacky upon deposiltlifon The metddsstafatel.ai Mak39%
further conprising roviding a second substrate; wherein 25

one of the fi rstr%t‘?‘rljltseéigﬁ@t’éﬂé@er Bdeismu}aneouslyr sexvab @ ensovfcehef fir st
and second substrates, and the of her of the first and_second |

el ectrodes is priM¥dr6n t8FhEPd PromaFes pa FFF%‘Ega‘PI%CS}?é’é&ﬁ& SOBSEFaLe’; and

one of t hegfi 1Sty 400e EGANMREELT OkYELFacdbn | AUS! Sel ol ted 0N R0 O

the first and second electro
the two electrolyte layers come into contact with each

other and, in addition, when the two electrolyte layers
come in contact with electrode layer 14. In addition,
because of its tackiness, however, Electrolyte B is
10 preferably applied as the final ink layer in a typical
multi-station printing pass of a substrate film, sheet or

p web.

When embodied as printable inks, each of
Electrolytes A and B desirably comprise the aforesaid
15 plating agents and humectants in the following proportions

in weight percent (wt %):

from about 0.2 to about 1.0 wt %, more

preferably about 0.6 wt %, plating agent; and

from about 4 to about 10 wt %, more preferably

20 about 7 wt %, humectant.

Both Electrolyte A and Electrolyte B should be
applied with essentially uniform consistency and

predictable thickness and in virtually any desirable

-34- REPLACEMENT SHEET

02 APR 2001




and the other of the first and second electrolytic |layers is printed
oh other of the first and second el ectrodes.

-103- _ 147. The nmethod of claim 139, further
conpri sing appl ying a decorative ink to at |east one of the first
substrate, the first electrode |ayer, the second el ectrode | ayer, the

first electrolytic |ayer and the second 5 electrolytic |ayer.

148. The method of claim 138, farhb&iod 08Pr mdhdfacturing laani eladdtmgni¢ep to
attach a second substrate to one of the first and second el ectrode

| ayers. 10 device comprigigg Fhe $h&PRodfof claim 148, further conprising

appl ying an adhesive to the squﬁglayg§tgaﬁgs@rmnﬂﬁraag of the first
and second el ectrode | ayers. 150, The net hod of cl ai m 139,

wherein the first electrodéﬁnﬁaygr“utﬁhél St dPT Bi@Rlfoddk | BSer
the first SHEEIOLYH Gt WL roddaybhie  second el ectrolytic Tayer

are prlnte In's sIngle pass 151. The nethod of claim
139, wherein the first prlntlng w1th a second printable ink to

produce a second electrode layer;

printing with a a first electrolytic ink
to produce a first electrolytic layer;
10 printing with a second electrolytic ink to
produce a second electrolytic layer; and
coalescing the first electrolytic layer

and the second electrolytic layer.

15 140. The method of claim 139, wherein:

at least one of the first and second

electrolytic layers includes a plating agent in a weight
percent from about 0.2% to about 1.0%; and

a humectant in a weight percent form about

20 4% to about 10%.

141. The method of «c¢laim 139, wherein:
one of the first and second electrolytic
layers includes a solvent in a weight percent form about
25 10% to about 60%; and
a binding agent in a weight percent from

about 2% to about 30%.

142. The method of claim 141, wherein:
30 the other of the first and second
electrolytic layers includes a solvent in a weight percent

from about 15% to about 50%; and
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el ectrode layer, the second electrode layer, the first
electrolytic layer and the second electrolytic |layer are

printed in multiple passes. 25 152. The net hod of cl ai m 139,
wherein at |east one of the first and second el ectrolytic |ayers
I ncl udes a bi snuth salt based ink. 153. The net hod of

claim 139, wherein at least one 30 of the first and second

electrolytic layers 'nClUdesa.%undlng53§8@@|ﬂg #08dMght percent from
-104- 54. The nethod of claim 139, wherein the

first el ectaloas Rayes abohs %@cond el ectrode | ayer, the first
electrolytic layer and the second electrolytic |ayer are non-

preformed | ayers. 5 155. A nethod of manufacturing an
el ectronic devi ce comuBishm@ tbehst efscbfim 139, wherein at least one
provi ding a |rst s bstrat mnth a first

printable inR t°f S?EEﬁuﬁgd seeendt SAPERTIY &anﬁ%rlncqu

a plating agent receptor in a weight percent
from about 20% to about 80%;
a binding agent in a weight percent form
about 5% to about 40%; and
10 a solvent in a weight percent from about 15%

to about 75%.

144. The method of claim 139, wherein at least ome
of the first and second electrolytic layers includes at least
15 one of a chlorine humectant, a sulfur hemectant, a bromide

salt humectant and a lithium bromide humectant.

145. The method of claim 139, wherein at least one of
the first electrode layer, the second electrode layer, the
20 first electrolytic layer and the second electrolytic layer is

formed by a rotogravure press.

146. The method of claim 139, further comprising
providing a second substrate; wherein
25 one of the first and second electrodes is
printed on one of the first and second substrates, and the
other of the first and second electrodes is printed on other
of the first and second substrates; and
one of the first and second electrolytic
30 layers is printed on one of the first and second electrodes,
and the other of the first and second electrolytic layers is

printed on other of the first and second electrodes.
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printing with a second printable ink to produce a second el ectrode

| ‘ayer; printing wwth a first electrolytic ink to
produce a first electrolytic layer; and 15 printing with a
second electrolytic ink to produce a second el ectrolytic |ayer,
wherein one of the first and second el ectrolytic layers is
non-tacky and other of the first and second electrolytic layers is
tacky. 20 14556. ﬂHEEME&hbddoﬁfcGhﬂhﬂliﬁS,fWWﬁhﬂrncomprising

at | east one of the first and second | ectro{ tic Iuges a

pI ating agent i rPRPIERGhta 9ecofiivEnt itk oﬁ?al&’f'ut %’sf% Sguttq’f - Hnd

substdaREE¢hants iirBt acNBEGFideDETLRAY, ftﬂh@ms@&@ﬂﬁ 4z%actrodd o]
about 10% 157. The nethod of claim 155, wherein:

one of the firstlayrF.sectifd ef Hettr ol SAGCETOBPLiq aybi¥e] ncitfHestoe sofFEMY i n
a wei ght perQﬁ”te{ééHPo§P9ﬁé 1%y to about 60% and

a binding agent In a we percent from about 2% to about 30%

148. The method of claim 139, further comprising a
laminating step to attach a second substrate to one of the

first and second electrode layers.

10
149. The method of claim 148, further comprising
applying an adhesive to the second substrate or the one of
the first and second electrode layers.

15 150. The method of claim 139, wherein the first
electrode layer, the second electrode layer, the first
electrolytic layer and the second electrolytic layer are
printed in s single pass.

20 151. The method of claim 139, wherein the first
electrode layer, the second electrode layer, the first
electrolytic layer and the second electrolytic layer are
printed in multiple passes.

25 152. The method of claim 139, wherein at least one

of the first and second electrolytic layers includes a

bismuth salt based ink.

153. The method of claim 139, wherein at least one
30 of the first and second electrolytic layers includes a

scrubbing agent.
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158. the method of claim 157, wherein: The ot her

pT the first and second electrolytic layers includes a sol vent
in a weight percent 5 fromabout 15%to about 50% and

a binding agent in a weight percent from about 2% to about 30%

159. The nethod of claim 155, wherein the first 10 electrode |ayer, the
second electrode l|ayer, the first electrolytic |ayer and the

second el ectrolytic Ia_yer AL NN II_1ethodlpro@f 1BA 138y¥er Sherein the first
160. The net hod of claim 155, wherein at |least one 15 of the first, and

second el ect r odeelestacdei ntayribs: the second electrode Jaygty i fheagbifst
receptor in a velghl. RILEeNt ayer ahlOMRARALNE00d 0 200U c Bifer are non-

a binding agent rn a wei ght pg?cent from about 5% to about 40% and

20 prefaxrmedl| Veydrs-n a wei ght percent form about 15% to
about 75% 161. The nethod of claim 155, wherein at |east
one of t%e first and second electrolytic |layers includes at |east 25
one of a chlorine hunectantss. aa sukdtodhurect mayfaatbriomy dean eleghkenic
hunmectant and a Lithium brom de hunect ant . 162. The net hod
of claim 155, whePEiGe SOMPELEMIofBe SLePSoPEihe first el ectrode |ayer, the
second el ectrode |ayer, the 30prduitshg@l eakeel yisdrdagger and the second

el ectrolytic layer is
printing with a first printable ink to

10 produce a first electrode layer;

printing with a second printable ink to

produce a second electrode layer;

printing with a first electrolytic ink to

produce a first electrolytic layer; and

15 printing with a second electrolytic ink to
produce a second electrolytic layer,
wherein one of the first and second
electrolytic layers is non-tacky and other of the first and
second electrolytic layers is tacky.
20
156. The method of claim 155, whrein:
at least one of the first and second
electrolytic layers includes a plating agent in a weight
percent from about 0.2% to about 1.0%; and
25 a humectant in a weight percent from about 4%

to about 10%.

157. The method of claim 155, wherein:
one of the first and second electrolytic
30 layers includes a solvent in a weight percent from about 10%

to about 60%; and

a binding agent in a weight percent from

about 2% to about 30%.
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formed by a rotogravure press. 163. The net hod of
cl ai m 155, further conprising provi ding a second substrate; wherein
one of the first and second el ectrodes is printed on one of the first
and second substrates, and the 5 other of the first and second el ectrodes
I's printed on other of the first and second substrates; and

one of the first and second electrolytic | ayers is printed on one of
the first and second el ectrodes, and the other of the first and second
electrolytic layers is 10 printed on other of the first and second

el ectrodes. 158.16%he TethadtdfodletimclHi nwheseirfurt her

conpri si ng appl ying a dec tiv t t st of f
substrate, the first el ectrode lgyergt%%g sgggndée ecf?ggt fﬁQﬁlakééémd he
first electrol ytlectdoayeic aagerd hinclusiesord solvene| ést rolwetigbt| ayecent

165. The net hod of cl n115°, further cqQnprising a | am nating step to
attach a sec gﬁ?&ték E 1° die® %?“?rﬁg%'zﬁ gfirst and second el ectrode
| ayers. 166. The wehhdehy ohgehti Ah 165, wéigtithepetasmy i Sidig

appl yi ng an adhesive to the second substrate or the one of
about 2% to about 30%.

159. The method of c¢laim 155, wherein the first
10 electrode 1layer, the second electrode layer, the £first
electrolytic layer and the second electrolytic layer are non-

preformed layers.

160. The method of claim 155, wherein at least one
15 of the first and second electrode layers includes:
a plating agent receptor in a weight percent
from about 20% to about 80%;
a binding agent in a weight percent from
about 5% to about 40%; and
20 a solvent in a weight percent form about 15%

to about 75%.

161. The method of claim 155, wherein at least one
of the first and second electrolytic layers includes at least
25 one of a chlorine humectant, a sulfur humectant, a bromide

salt humectant and a lithium bromide humectant.

162. The method of claim 155, wherein at least one
of the first electrode layer, the second electrode layer, the
30 first electrolytic layer and the second electrolytic layer is

formed by a rotogravure press.
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the first and second el ectrode | ayers. 25 167. The net hod

of' claim 155, wherein the first el ectrode | ayer, the second el ectrode
| ayer, the first el ectrolytic layer and the second electrolytic |ayer
are printed in a single pass. 30 168. The
met hod of cl aim 155, wherein the first el ectrode | ayer, the second

el ectrode | ayer, the first electrolytic layer and the second
electrolytic |ayer are 1681 | BhedmbPhdi!l 44 PER:RASSBS. fuPther comprising
169. The nethod of cl aim 155, wherein at |east one of the electrolytic
| ayers incl udes RTBY AR 35 SPEOHhSEYSERKEe; wherein 170. The net hod
of claim 155, wherein at |east gpg %o,ﬁq tfy;gsleh&{cgégdﬁaIé@gy%§oagglgges
a scrubbi ng agent. . An apparatu manuf acturi ng an
el ectronic d@@ht@dc®mp¢¢%i@@ the flrst and second sebﬁﬁnaﬂagn fod the

printing a f'SSt 8@%? %Pdﬁx Jts.Lrs@ygﬂd second electrodes is pgu%écf]t %{ oft?lrr

printing a secon
printing a first o€l eké ritilrgti end second substrates, and

one of the first and second electrolytic
layers is printed on one of the first and second electrodes,
and the other of the first and second electrolytic layers is

10 printed on other of the first and second electrodes.

164. The method of claim 155, further comprising
applying a decorative ink to at least one of the first
substrate, the first electrode layer, the second electrode

15 layer, the first electrolytic layer and the second

electrolytic layer.

165. The method of c¢laim 155, further comprising a
laminating step to attach a second substrate to one of the

20 first and second electrode layers.

166. The method of claim 165, further comprising
applying an adhesive to the second substrate or the one of

the first and second electrode layers.

25
167. The method of claim 155, wherein the first
electrode layer, the second electrode layer, the £first
electrolytic layer and the second electrolytic layer are
printed in a single pass.
30
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| ayer; and 20
el ectrolytic
el ectrolytic

a printer for printing a second
| ayer, wherein the first and second

| ayers are between the first and second el ectrode | ayers

such that the first and second electrolytic |ayers coal esce. 25
172. An apparatus for manufacturing an electronic devi ce conpri si ng:

a printer for

printing a first el ectrode | ayer; 30

printer for printing a secoqyl ehfCtfadRd of dl&)iﬁ.r ,155 whereln the first a
printer for printing a tacky electrolytic
REPL ACENVENT SHEEﬁiectrode layer, the “~second eleggrodﬁrlﬁf¥ﬁr, FBF first

printing a

%%K%tlc 18 ggtrgy yté | A¥Ebnd electrolytic layer are

wherein the tacky an tac electro ytic | ayers "are between the
first and secondpfdnnabr@demdknﬂ@ﬂs p&sses. 10
5
169. The method of claim 155, wherein at least one
of the electrolytic layers includes a bismuth salt based ink.
170. The method of claim 155, wherein at least one
10 of the electrolytic layers includes a scrubbing agent.
171. An apparatus for manufacturing an electronic
device comprising:
a printer for printing a first electrode
15 layer;
a printer for printing a second electrode
layer;
a printer for printing a first electrolytic
layer; and
20 a printer for printing a second electrolytic
layer,
wherein the first and second electrolytic
layers are between the first and second electrode layers such
that the first and second electrolytic layers coalesce.
25
172. An apparatus for manufacturing an electronic
device comprising:
a printer for printing a first electrode
layer;
30 a printer for printing a second electrode
layer;

a printer for printing a tacky electrolytic

layer; and

a
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APPARATUS AND METHOD FOR ASSEMBLING ELECTROCHROMIC CELLS

ABSTRACT

Apparatus and methods for wmanufacturing electrochromic

cells. Layers of wvarious inks are printed on substrates by high

speed printing means. The electrochromic cells comprise layers of

electrode (26), electrolvte (28), and counter electrode (30) ink
materialé which are printeé on at least one substrate (54). When
an electrical voltage differential 1s introduced between the
electrode and counter elsctrode layers, an electrochemical

reaction occurs in the electrochemical cell.

Figure 10
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