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ABSTRACT
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input circuits for supplying control signals representing trans
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ter control circuit, user input circuits and the variable trans
mittance Windows. Each slave Window control circuit con
trols the transmittance of at least one of the variable
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disclosed are novel methods for the manufacture of an elec
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VARIABLE TRANSMISSION WINDOW
SYSTEM

transmittance WindoW. The electrical control system com
prises: a slave WindoW control circuit coupled to the variable
transmittance WindoW; and a user input mechanism coupled
to the slave WindoW control circuit. The user input mecha

CROSS-REFERENCE TO RELATED
APPLICATION

nism is con?gured to supply control signals representing
desired transmittance levels for the variable transmittance
WindoW to the slave WindoW control circuit. The slave Win
doW control circuit controls the transmittance of the variable
transmittance WindoW in response to control signals received
from the user input mechanism. The user input mechanism

This application is a divisional of US. patent application
Ser. No. 11/760,807, ?led Jun. 11, 2007, entitled “VARI
ABLE TRANSMISSION WINDOW SYSTEM,” now US.

Pat. No. 7,990,603, Which claims the bene?t under 35 U.S.C.

includes lights coupled to the slave WindoW control circuit.
The lights providing information to system users, include at

§ll9(e) of US. Provisional Application No. 60/804,378,
?led on Jun. 9, 2006, the entire disclosures of Which are

least one of: the current transmittance state of the variable

hereby incorporated herein by reference.

transmittance WindoW, the selected transmittance state of the
variable transmittance WindoW, Whether the variable trans

BACKGROUND OF THE INVENTION

The present invention generally relates to variable trans
mission WindoWs. More speci?cally, the present invention
relates to control systems for controlling the transmission of
variable transmission WindoWs and to various constructions
of variable transmission WindoWs and methods for making
variable transmission WindoWs.
Variable transmittance light ?lters, such as electrochromic
light ?lters, have been proposed for use in architectural Win

doWs, skylights, and in WindoWs, sunroofs, and rearvieW mir

mittance WindoW is currently changing transmittance states,
Whether the user input mechanism is being overridden, and

Whether the system is operating properly.
20

According to another aspect of the present invention, an
electrical control system is provided for controlling a plural
ity of variable transmittance WindoWs. The electrical control
system comprises: a plurality of slave WindoW control circuits
each for controlling a transmittance of one or more of the

plurality of variable transmittance WindoWs; a plurality of
25

user input mechanisms each coupled to one or more of the

slave WindoW control circuits; and a master control circuit

rors for automobiles. Such variable transmittance light ?lters
reduce the transmittance of direct or re?ected sunlight during

coupled to the plurality of slave WindoW control circuits. The
master control circuit and the user input mechanisms are

daytime through the WindoW, While not reducing such trans
mittance during nighttime. Not only do such light ?lters
reduce bothersome glare and ambient brightness, but they
also reduce fading and generated heat caused by the trans
mission of sunlight through the WindoW.

30

Variable transmission WindoWs have not been Widely
accepted commercially for several reasons. First, they tend to
be very expensive due to the cost of materials required for
their construction, and their complex construction can make
mass-production dif?cult. Additionally, electrochromic Win

transmittance levels for the variable transmittance WindoWs
to the slave WindoW control circuits. Each slave WindoW
control circuit controls the transmittance of at least one of the
variable transmittance WindoWs in response to the transmit
tance state signals supplied by the master control circuit and/

35

or one of the user input mechanisms. The master control

con?gured to supply transmittance state signals representing

circuit and slave WindoW control circuits are con?gured such
that When a transmittance state signal is provided to a slave

doWs tend to have a loWer life expectancy than conventional

WindoWs due to degradation of the electrochromic materials
used in the WindoWs. The combination of added cost and

40

transmittance level of any variable transmittance WindoW to
Which the slave WindoW control circuit is coupled While over
riding any transmittance state signal received from a user

loWer life expectancy has deterred many architects, design
ers, and builders from using electrochromic WindoWs.
Variable transmission WindoWs have also not been Widely

input mechanism.

accepted commercially in vehicles designed for the transpor
tation of passengers, such as, for example, busses, airplanes,
trains, ships, and automobiles. The inventors have recogniZed

45

According to another aspect of the present invention, an
electrical control system is provided for controlling a plural
ity of variable transmittance WindoWs. The electrical control
system comprises a slave WindoW control circuit coupled to

50

the slave WindoW control circuit comprises dropout detection
circuitry to determine if poWer has been lost, determine for

that providing for the use of variable transmission WindoWs in

these types of vehicles provides challenges in addition to
those already noted above. These challenges can include, but
are not limited to, providing effective, coordinated, individual
and central control of multiple variable transmission Win

WindoW control circuit by the master control circuit, the trans
mittance state signal provided by the master control circuit is
used by the slave WindoW control circuit to determine the

one or more of the variable transmittance WindoWs, Wherein

doWs, providing multiple modes of operation responsive to

hoW long poWer has been lost, and return the variable trans

individual or collective passenger needs, providing the ability

mittance WindoW to its most recent state if poWer has been lost

to quickly change WindoW transmittance states, minimiZing
system poWer consumption, protecting against environmen

55

for less than a predetermined time.
According to another aspect of the present invention, an

tal factors such as moisture and poWer surges, protecting

electrical control system is provided for controlling a plural

WindoWs from excessive heat and physical external loads, and

ity of variable transmittance WindoWs Within a vehicle. The
electrical control system comprises a slave WindoW control
circuit coupled to the variable transmittance WindoW and

providing user interfaces alloWing relatively unsophisticated
users to understand and control the WindoWs. The inventors

have also recogniZed that manufacturing challenges can

60

coupled to receive poWer from a vehicle poWer source. The

prove a barrier to providing system features needed to address
the above-identi?ed needs.

slave WindoW control circuit comprises protection circuitry
including circuitry to protect the system against voltage

SUMMARY OF THE INVENTION

spikes from —500V to +500V.
According to another aspect of the present invention, a
variable transmittance WindoW is provided that comprises an

65

According to one aspect of the present invention, an elec
trical control system is provided for controlling a variable

electrochromic device coupled to control circuitry for varying
the transmittance of the electrochromic device. The electro

US 8,547,624 B2
3

4

chromic device comprises: ?rst and second substrates
arranged in a parallel, spaced-apart relation to form a cham
ber betWeen inner surfaces of the substrates; a transparent
electrode coating provided on each of the inner surfaces of the
substrates; ?rst and second layers of silver epoxy respectively
deposited on the ?rst and second transparent electrode coat
ings of the substrates at the perimeter of the substrates; and an
electrochromic medium disposed betWeen the transparent

?rst electrically conductive coating at the second side of the
?rst substrate; a third electrically conductive structure elec

trically coupled to the second electrically conductive coating
at the ?rst side of the second substrate; and a fourth electri

cally conductive structure electrically coupled to the second
electrically conductive coating at the second side of the sec
ond substrate. Each of the electrically conductive structures
may receive an applied voltage independent of the other elec
trically conductive structures.
According to another aspect of the present invention, an
electrochromic element is provided that comprises: a ?rst
substrate having a ?rst surface, a second surface, and a perim
eter de?ning a ?rst side and a second side opposite the ?rst

electrode coatings.
According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
prises: a variable transmittance WindoW comprising an elec

trochromic device coupled to control circuitry for varying the
transmittance of the electrochromic device; and a middle
reveal and an outer reveal that are in physical contact With the
electrochromic device around its perimeter, and that are con

side; a second substrate having a ?rst surface, a second sur
face, and a perimeter de?ning a ?rst side and a second side

opposite the ?rst side; a ?rst layer of ITO provided on the

?gured to retain the electrochromic device in a ?xed position.
The middle and outer reveals are made of a thermally con

ductive plastic so that thermal energy from the electrochro
mic device is conducted into other structures in contact With
the middle and outer reveals.

According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
prises: a variable transmittance WindoW comprising an elec
trochromic device coupled to control circuitry for varying the

20

medium disposed betWeen the ?rst and second layers of ITO.
According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
25

transmittance of the electrochromic device; an elastomeric

beZel in contact With, and enclosing the perimeter of, the
electrochromic device; and a middle reveal and an outer

reveal that are in physical contact With, and enclose, the
elastomeric beZel around its perimeter, and that are con?g
ured to retain the electrochromic device in a ?xed position.
According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
prises: a variable transmittance WindoW comprising an elec
trochromic device; and a control circuit coupled to the elec
trochromic device for controlling the transmittance thereof.
The electrochromic device comprises: a ?rst substrate having
a ?rst surface, a second surface, and a perimeter de?ning a
?rst side and a second side opposite the ?rst side; a second
substrate having a ?rst surface, a second surface, and a perim
eter de?ning a ?rst side and a second side opposite the ?rst

30

35

the electrically conductive coatings. The variable transmit
mic device transitions from 60% transmittance to less than
about 0.2% transmittance in less than about 2 minutes.
40

50

other times to increase the transmittance of the electrochro
mic device.

According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
prises: a variable transmittance WindoW comprising an elec
trochromic device having an area larger than 0.1 m2, and a
control circuit coupled to the electrochromic device for con
trolling the transmittance thereof. The electrochromic device
comprising: a ?rst substrate having a ?rst surface, a second
surface, and a perimeter de?ning a ?rst side and a second side
opposite the ?rst side; a second substrate having a ?rst sur
face, a second surface, and a perimeter de?ning a ?rst side and
a second side opposite the ?rst side; a ?rst electrically con
ductive coating provided on the second surface of the ?rst

substrate; a second electrically conductive coating provided
on the ?rst surface of the second substrate; and an electro
55

chromic medium disposed betWeen the electrically conduc
tive coatings. The variable transmittance WindoW system is
con?gured such that the electrochromic device transitions
from 60% transmittance to less than about 0.2% transmit

ing a ?rst side and a second side opposite the ?rst side; a
second substrate having a ?rst surface, a second surface, and
a perimeter de?ning a ?rst side and a second side opposite the

?rst side; a ?rst electrically conductive coating provided on
the second surface of the ?rst substrate; a second electrically
conductive coating provided on the ?rst surface of the second
substrate; an electrochromic medium disposed betWeen the
electrically conductive coatings; a ?rst electrically conduc
tive structure electrically coupled to the ?rst electrically con
ductive coating at the ?rst side of the ?rst substrate; a second
electrically conductive structure electrically coupled to the

second surface of the ?rst substrate; a second electrically
conductive coating provided on the ?rst surface of the second
substrate; and an electrochromic medium disposed betWeen

tance WindoW system is con?gured such that the electrochro

the electrically conductive coatings. The control circuit
applies a positive voltage to decrease the transmittance of the

According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
prises an electrochromic element comprising: a ?rst substrate
having a ?rst surface, a second surface, and a perimeter de?n

prises: a variable transmittance WindoW comprising an elec
trochromic device, and a control circuit coupled to the elec
trochromic device for controlling the transmittance thereof.
The electrochromic device comprising: a ?rst substrate hav
ing a ?rst surface, a second surface, and a perimeter de?ning
a ?rst side and a second side opposite the ?rst side; a second
substrate having a ?rst surface, a second surface, and a perim
eter de?ning a ?rst side and a second side opposite the ?rst

side; a ?rst electrically conductive coating provided on the

side; a ?rst electrically conductive coating provided on the
second surface of the ?rst substrate; a second electrically
conductive coating provided on the ?rst surface of the second
substrate; and an electrochromic medium disposed betWeen
electrochromic device and applies a sequence of negative
voltage pulses to the variable transmittance WindoW While
short-circuiting the variable transmittance WindoW during

second surface of the ?rst substrate having a thickness of at
least tWo Waves and having a sheet resistance of less than
about 2.6 ohms/ square; a second layer of ITO provided on the
?rst surface of the second substrate; and an electrochromic

tance.

65

According to another aspect of the present invention, a
variable transmittance WindoW system is provided that com
prises a variable transmittance WindoW comprising an elec
trochromic device and a control circuit coupled to the elec
trochromic device for controlling the transmittance thereof.
The electrochromic device comprising: a ?rst substrate hav
ing a ?rst surface, a second surface, and a perimeter de?ning
a ?rst side and a second side opposite the ?rst side; a second
substrate having a ?rst surface, a second surface, and a perim

US 8,547,624 B2
5

6

eter de?ning a ?rst side and a second side opposite the ?rst

illustrated in the accompanying draWings. Wherever pos

side; a ?rst electrically conductive coating provided on the
second surface of the ?rst substrate; a second electrically
conductive coating provided on the ?rst surface of the second
substrate; and an electrochromic medium disposed betWeen

the draWings to refer to the same or like parts.

sible, the same reference numerals Will be used throughout

For purposes of description herein, the terms “upper,”
5

the electrically conductive coatings. The variable transmit
tance WindoW system is con?gured such that the electrochro

“loWer,” “right,” “left,” “rear,” “front,” “vertical,” “horizon
tal,” “top,” “bottom,” and derivatives thereof shall relate to the

mic device transitions from 0.2% transmittance to more than

invention as shoWn in the draWings. HoWever, it is to be

about 60% transmittance in less than about 5 minutes.

understood that the invention may assume various alternative

The above aspects may be implemented separately or in
various combinations. Although described as different
aspects or in different embodiments, the characteristics
thereof are not necessarily mutually exclusive of one another

orientations, except Where expressly speci?ed to the contrary.
It is also to be understood that the speci?c device illustrated in

the attached draWings and described in the folloWing speci
?cation is simply an exemplary embodiment of the inventive

and thus may be used together.
These and other features, advantages and objects of the
present invention Will be further understood and appreciated
by those skilled in the art by reference to the folloWing speci

concepts de?ned in the appended claims. Hence, speci?c
dimensions, proportions, and other physical characteristics
relating to the embodiment disclosed herein are not to be

?cation, claims and appended draWings.
BRIEF DESCRIPTION OF THE DRAWINGS
20

In the draWings:
FIG. 1 is a general illustration of multi-passenger vehicles

incorporating variable transmission WindoWs, according to
one embodiment of the present invention;
FIG. 2 is a block diagram generally illustrating a system for

controlling variable transmission WindoWs, according to the

25

sivity based on electrical signals applied to the WindoW, such
as the WindoWs generally described in commonly assigned
30

35

US. Pat. No. 6,407,847 entitled “ELECTROCHROMIC
MEDIUM HAVINGA COLOR STABILITY”, US. Pat. No.

6,239,898 entitled “ELECTROCHROMIC STRUCTURES,”
US. Pat. No. 6,597,489 entitled “ELECTRODE DESIGN
FOR ELECTROCHROMIC DEVICES,” and US. Pat. No.
5,805,330 entitled “ELECTRO-OPTIC WINDOW INCOR
PORATING A DISCRETE PHOTOVOLTAIC DEVICE,”
the entire disclosures of each of Which are incorporated
herein by reference. Examples of electrochromic devices that
may be used in WindoWs are described in US. Pat. No. 6,433,
914 entitled “COLOR-STABILIZED ELECTROCHROMIC

2;
FIG. 6A-6E are schematic diagrams generally illustrating
driver circuitry that may be used to implement the system for
controlling a variable transmission WindoW shoWn in FIG. 2,

make it practical to employ the electrical control system of the
present invention. Examples of variable transmission Win
doWs include WindoWs that are able to change their transmis

present invention;
FIG. 3 is a block diagram generally illustrating a slave
controller and user input mechanism for controlling a variable
transmission WindoW, that may be used to implement the
system for controlling a variable transmission WindoW shoWn
in FIG. 2;
FIG. 4 is a schematic diagram generally illustrating a
poWer supply section of a slave controller that may be used to
implement the system for controlling a variable transmission
WindoW shoWn in FIG. 2;
FIG. 5 is a schematic diagram generally illustrating a user
input mechanism that may be used to implement the system
for controlling a variable transmission WindoW shoWn in FIG.

considered as limiting, unless the claims expressly state oth
erWise.
The present invention pertains to a novel electrical control
system for controlling the transmission of a plurality of vari
able transmission WindoWs and also pertains to various Win
doW constructions and various constructions of mechanical
and electrical connectors in those WindoW constructions that

40

DEVICES,” US. Pat. No. 6,137,620 entitled “ELECTRO

FIG. 7 is a schematic diagram generally illustrating con
troller circuitry that may be used to implement the system for
controlling a variable transmission WindoW shoWn in FIG. 2;

CHROMIC MEDIA WITH CONCENTRATION-EN
HANCED STABILITY, PROCESS FOR THE PREPARA
TION THEREOF AND USE IN ELECTROCHROMIC
DEVICES,” US. Pat. No. 5,940,201 entitled “ELECTRO
CHROMIC MIRROR WITH TWO THIN GLASS ELE
MENTS AND A GELLED ELECTROCHROMIC

FIG. 8 is a front vieW generally illustrating a variable

MEDIUM,” and US. Patent Application Publication No.

transmission WindoW and system for controlling the variable

2006/0056003 entitled “VEHICULAR REARVIEW MIR
ROR ELEMENTS AND ASSEMBLIES INCORPORAT
ING THESE ELEMENTS,” the entire disclosures of each of

and states generated by the driver circuitry;

transmission WindoW according to one embodiment of the

present invention;

50

Which are incorporated herein by reference. Other examples
of variable transmission WindoWs and systems for controlling

FIG. 9 is a partial cross-sectional vieW taken through line
IX-IX of the variable transmission WindoW and supporting
structure illustrated in FIG. 8;
FIG. 10 is a perspective vieW of one panel of an electro

chromic element employed the variable transmission WindoW
illustrated in FIGS. 8-9;

55

VARIABLE TRANSMISSION WINDOWS AND VARI

FIG. 11 is a % Transmission vs. time graph for a WindoW

ABLE TRANSMISSION WINDOW CONSTRUCTIONS,”
the entire disclosures of each of Which are incorporated

clearing from approximately 0.1% T to approximately 67%
T; and
FIG. 12 is a % Transmission vs. time graph for a WindoW

60

coloring from approximately 67% T to approximately 20% T.
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
65

Reference Will noW be made in detail to the present pre

ferred embodiments of the invention, examples of Which are

them are disclosed in commonly assigned US. Pat. No.
7,085,609, entitled “VARIABLE TRANSMISSION WIN
DOW CONSTRUCTIONS,” US. Pat. No. 6,567,708 entitled
“SYSTEM TO INTERCONNECT, LINK, AND CONTROL

herein by reference.
FIG. 1 is a graphical representation of multi-passenger
vehicles employing variable transmittance WindoWs 10. Mass
transit multi-pas senger vehicles employing variable transmit
tance WindoWs 10 include, for example, aircraft 2, buses 4,
and trains 6. It should be appreciated that other multi-passen
ger vehicles may employ variable transmittance WindoWs 10.
The multi-passenger vehicles generally illustrated in FIG. 1

US 8,547,624 B2
7

8

also include WindoW control systems (not shown) for control
ling variable transmittance WindoWs 10.
1. Electrical Control System
FIG. 2 generally illustrates variable transmittance Win
doWs 10 that may be employed in multi-passenger vehicles,
along With a WindoW control system 8 electrically coupled to
the variable transmittance WindoWs 10 for controlling the

example, in one mode, master control circuitry 90 directs
WindoW control units 9 to change the transmittance state of
the variable transmittance WindoWs 10 to the darkest trans

mittance state simultaneously in 10 percent increments. In
this mode, all WindoWs Would simultaneously darken from
their present state to a state that is 10 percent darker, Wait a

predetermined period of time, alter their transmittance state to
another state that is 10 percent darker still, Wait for a prede
termined period of time, and continue this process until each

transmittance state of the variable transmittance WindoWs 10.
WindoW control system 8 includes a WindoW control unit 9
coupled to each of the variable transmittance WindoWs 10 for

controlling the transmittance of each of the variable transmit

WindoW has reached the darkest transmittance state. In an
alternate embodiment, a subset or group of WindoWs, rather

tance WindoWs 10. Each WindoW control unit 9 includes slave

than all WindoWs, simultaneously changes states in order to

control circuitry 70 for controlling the transmittance state of

reduce poWer consumption or to address sun load issues if the
sun is shining more brightly on a particular side of the vehicle.

an associated variable transmittance WindoW 10. Each Win
doW control unit 9 is also shoWn having a user input mecha

nism 60 coupled to slave control circuitry 70 for providing a
user input to slave control circuitry 70 to change the trans
mittance state of the associated variable transmittance Win
doW 10. Each WindoW control unit 9 is also shoWn coupled to
poWer and ground lines 11 for providing poWer to slave con
trol circuitry 70, user input mechanism 60, and variable trans
mittance WindoW 10. As shoWn, poWer is provided to variable
transmittance WindoW 10 via slave control circuitry 70 from
the poWer and ground lines 11.
Each WindoW control unit 9 is also shoWn coupled to a
WindoW control system bus 13. Other devices also coupled to
the WindoW control system bus 13 include master control
circuitry 90 and other electronic devices 92. Master control
circuitry 90 is con?gured to monitor signals provided on the
WindoW control system bus 13 by each of WindoW control
units 9 and to provide control signals on the bus to each of
Window control units 9. Master control circuitry 90 includes

Master control circuitry 90 and WindoW control units 9 may
be con?gured to maintain an override transmittance state for

a predetermined period of time determined by master control
circuitry 90, after Which time individual users may change the
transmittance state of individual WindoWs via user input
20

embodiments, master control circuitry 90 may be con?gured
to change a WindoW or multiple WindoWs to intermediate

transmittance states betWeen the highest and loWest transmit
tance states.
25

Master control circuitry 90 and WindoW control units 9 may
also be con?gured to return each variable transmittance Win
doW 10 to the most recent state selected by a user via user

input mechanism 60 When an override time period has ended.
Master control circuitry 90 and WindoW control units 9 may
30

further be con?gured to maintain an override state for a cer

tain period of time, or until a further command is issued by

master control circuitry 90. Master control circuitry 90 and

processing circuitry, including logic, memory, and bus inter
face circuitry, to permit master control circuitry 90 to gener
ate, send, receive, and decode signals on the WindoW control
system bus 13. Slave control circuitry 70, included in each of
WindoW control units 9, is con?gured to receive a desired
WindoW transmittance state from user input mechanism 60,
and provide electrical signals to variable transmittance Win
doW 10 to change the transmittance state of variable transmit

mechanism 60. It should be appreciated that in alternate

35

WindoW control units 9 may also be con?gured to maintain an
override transmittance state for a certain period of time, or
until an event occurs, and after that, continue to maintain the
override transmittance state until a user selects an alternate

transmittance state via user input mechanism 60, or until

another override signal is issued by master control circuitry
90.
40

Although variable transmittance WindoWs 10 and slave

tance WindoW 10 to the state requested by the user via user

control circuitry 70 are shoWn each having their oWn user

input mechanism 60. Slave control circuitry 70 is also con
?gured to monitor various characteristics of variable trans

native embodiment, one user input mechanism 60 can provide

input mechanism 60, it should be appreciated that in an alter

mittance WindoW 10, including the poWer consumed by vari
able transmittance WindoW 10 and the transmittance state of

input to control the transmittance of multiple variable trans
45

variable transmittance WindoW 10. Slave control circuitry 70

mittance state selected by the user via user input mechanism
60 is transmitted to other WindoW control units 9 by the

also includes circuitry for receiving signals from, and sending
signals to, the WindoW control system bus 13.
Master control circuitry 90 is con?gured to issue override
signals to WindoW control units 9 via the WindoW control
system bus 13. These override signals have the effect of
directing the slave control circuitry 70 of each of WindoW

50

control units 9 to change the transmittance state of variable
transmittance WindoWs 1 0 to the state selected by the override

signal sent by master control circuitry 90. Override signals
issued on the WindoW control system bus 13 by master control
circuitry 90 may include signals to cause all variable trans
mittance WindoWs to darken, lighten, go to the darkest state,
go to the lightest state, or go to a predetermined intermediate
transmittance state. Master control circuitry 90 may be con
?gured to direct all WindoW control units 9 to alter their states

mittance WindoWs 10. In one alternate embodiment, a trans
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WindoW control system bus 13. In still another embodiment,
one user input mechanism 60 may be directly coupled to slave
control circuitry 70 in multiple WindoW control units 9 for
controlling the transmittance of the variable transmittance
WindoWs 10 coupled to the slave control circuitry 70 of those
WindoW control units 9. In still another embodiment, a single
slave control 20 may control multiple WindoWs 10, such as
tWo WindoWs near a particular seat in the vehicle.

Returning to the override modes, in one embodiment, mas
ter control circuitry 90 is con?gured to support a movie mode.
In the movie mode, master control circuitry 90 sends an
override signal via the WindoW control system bus 13 to
60

multiple WindoW control units 9, directing WindoW control
units 9 to decrease the transmittance of variable transmittance

at the same time, or may direct WindoW control units 9 to alter
the transmittance state of each WindoW one at a time, or in

WindoWs 10 to a darkened transmittance state. Master control

groups, in order to minimiZe system poWer loading.
Master control circuitry 90 may also be con?gured to direct

WindoW control unit 9 to maintain the darkened transmittance

circuitry 90 also directs slave control circuitry 70 of each

WindoW control units 9 to alter the transmittance state of all

state for a predetermined period of time, e.g., tWo hours,
during Which a multimedia event Will be displayed on display

WindoWs simultaneously, but in incremental steps. For

screens. In one embodiment, master control circuitry 90 is
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con?gured to limit the range of transmittance a variable trans
mittance WindoW 10 can attain. In other Words, master control

tance WindoW 10. Although processing circuitry 78 of the

circuitry 90 may temporarily limit the maximum transmit
tance a WindoW 1 0 can attain, and the minimum transmittance

appreciated that in alternate embodiments, processing cir
cuitry 78 may be implemented using discrete digital or analog

a WindoW 10 can attain.

components or a combination of discrete analog and digital

In an alternative embodiment, master control circuitry 90
directs slave control circuitry 70 in each of WindoW control

components.

units 9 to maintain a darkened transmittance state until master

cally coupled to poWer supply circuitry 72, processing cir

control circuitry 90 issues a signal to slave control circuitry 70

cuitry 78, and at least one variable transmittance WindoW 10.
Driver circuitry 84 receives a VCLAMP voltage and a VDD

present embodiment includes a microcontroller, it should be

Driver circuitry 84 of slave control circuitry 70 is electri

of each WindoW control unit 9 that the override state is no

longer applicable. Once the preset time has expired, or master
control circuitry 90 has issued an instruction indicating that
the preset override mode is no longer required, slave control

voltage from poWer supply circuitry 72. Driver circuitry 84 is
con?gured to receive control signal information, including,

circuitry 70 of WindoW control units 9 may cause variable
transmittance WindoWs 10 to change state. In one embodi

transmittance WindoW 10 from processing circuitry 78.
Driver circuitry 84 provides an electrochromic supply 43,

but not limited to, a desired transmittance state for variable

ment, slave control circuitry 70 directs the variable transmit

also referred to as ANODE_TOP, and an electrochromic sup

tance WindoWs 10 to change to a higher transmittance state. In

ply 43', also referred to as ANODE_BOTTOM, to conducting
structures 41 and 41', respectively. Conducting structures 41
and 41' are coupled to a transparent electrically conductive

an alternative embodiment, slave control circuitry 70 main
tains the override transmittance state until user input is
received via user input mechanism 60, or until a neW override

signal is issued by master control circuitry 90. It should be
appreciated that additional control modes may be imple
mented using master control circuitry 90, slave control cir
cuitry 70, and user input mechanism 60.
FIG. 3 provides a high-level block diagram of the circuitry

20

chromic element 47. The transparent electrically conductive
layer 38 and substrate 44 are collectively referred to as a ?rst

coated substrate 42. Driver circuitry 84 also provides an elec
trochromic supply 45, also referred to as CATHODE_LEFT,
25

and an electrochromic supply 45', also referred to as CATHO

30

DE_RIGHT, to conducting structures 46 and 46', respec
tively. Conducting structures 46 and 46' are coupled to trans
parent electrically conductive layer 36 deposited on a
substrate 34 that is part of an electrochromic element 47. The
transparent conductive layer 36 and substrate 34 are collec

included in an exemplary WindoW control unit 9. WindoW
control unit 9 includes slave control circuitry 70 coupled to

user input mechanism 60. Slave control circuitry 70 provides
poWer and indicator signals to user input mechanism 60 and
receives user inputs from user input mechanism 60. Slave

layer 38 deposited on a substrate 44 that is part of an electro

control circuitry 70 is also con?gured to monitor the circuitry
included in user input mechanism 60. Slave control circuitry

tively referred to as a second coated substrate 48. Driver

70 includes a connector 88 coupled to a supply voltage 11 and
WindoW control system bus 13 of a WindoW control system.

electrochromic supplies 43, 43', 45, and 45' to vary the elec

Connector 88 is electrically coupled to poWer supply circuitry
72, and provides a supply voltage from the WindoW control
system to poWer supply circuitry 72. As described beloW,
poWer supply circuitry 72 may include ?ltering circuitry,
protection circuitry, and conversion circuitry, and may be
con?gured to provide multiple voltages to additional circuitry

circuitry 84 varies the current and/or voltage supplied by
tronic potential of conducting structures 41, 42, 46, and 48,
35

mittance signal provided to driver circuitry 84 by processing
circuitry 78.
40

in WindoW control unit 9. Slave control circuitry 70 also may

include processing circuitry 78. Processing circuitry 78
receives a VCLAMP voltage and VDD voltage from poWer

supply circuitry 72. Processing circuitry 78 may be electri
cally coupled to the WindoW control system bus 13 via con
nector 88, and may be con?gured to send and receive identi
?cation and control signals by the token and bus lines of the
WindoW control system bus 13.

45
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input mechanism 60. PoWer supply circuitry 72 supplies a
VDD voltage to user input mechanism 60. User input mecha
nism 60 is con?gured to receive control signals from process

ing circuitry 78. Processing circuitry 78 is con?gured to send
control signals to user input mechanism 60, and to monitor
the circuitry of user input mechanism 60 to determine input
status and error information. Processing circuitry 78 is also
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by user input mechanism 60 and/or the WindoW control sys
tem bus 13, along With status and error information provided
by other circuitry in slave control circuitry 70, to determine a
selected transmittance state for variable transmittance Win
doW 10. Processing circuitry 78 then provides a selected
transmittance state to driver circuitry 84, Which drives vari
able transmittance WindoW 10 to achieve and maintain a
selected transmittance state.

In one embodiment, processing circuitry 78 ignores the

electrically coupled to driver circuitry 84. Processing cir
doW 10 to driver circuitry 84. Processing circuitry 78 is also
con?gured to receive status information from driver circuitry
84. This status information includes, but is not limited to, the
transmittance state of the variable transmittance WindoW 10,
poWer being supplied to variable transmittance WindoW 10 by
driver circuitry 84, and status and error condition information
associated With driver circuitry 84 and/or variable transmit

input received from other electronic circuitry via the WindoW
control system bus 13. It should be appreciated that master
control circuitry 90 generally illustrated in FIG. 2 may be the
source of transmittance information provided to processing
circuitry 78 via a WindoW control system bus 13. Processing

user selected transmittance state provided by user input
mechanism 60 When an override transmittance state is pro
60

vided to processing circuitry 78 by the WindoW control sys
tem bus 13. Although processing circuitry 78 generally deter
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WindoW 10, it should be appreciated that in alternate embodi
ments, protection and/ or error circuitry in driver circuitry 84
and/or poWer supply circuitry 72 may override the transmit
tance state selected by processing circuitry 78. Individual

cuitry 78 is con?gured to send control signals indicative of a
selected transmittance state of a variable transmittance Win

In operation, WindoW control unit 9 operates to control the
transmittance of electrochromic element 47 based on input
received from user input mechanism 60, and/or based on

circuitry 78 utiliZes the transmittance information provided

Both poWer supply circuitry 72 and processing circuitry 78
of slave control circuitry 70 are electrically coupled to user

and conductive layers 38 and 36 to achieve a desired trans
mittance through electrochromic element 47 based on a trans

mines the transmittance state of variable transmittance

elements of WindoW control unit 9 Will noW each be discussed

in greater detail.

