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(54) ELECTRONICALLY CONTROLLED INSULATED GLAZING UNIT PROVIDING ENERGY 
SAVINGS AND PRIVACY

(57) An insulated glazing unit (100) includes a spacer
(150) defining a framed area, first and second glazing
panes (320) attached to the spacer (150), a pane con-
ductive layer (322) on an inner surface of the first glazing
pane (320), and a dielectric layer (324) disposed on the
pane conductive layer (322). A shade (310) for use with
the insulated glazing unit (100) is affixed to the first glaz-
ing pane (320). The shade (310) includes one or more
layers selected from a resilient layer (316), a substantially
transparent shade conductive layer (318), and an opaque
shade conductive layer (325). When an electric drive is
applied between the pane conductive layer (322) and the
shade conductive layer (318, 325), a potential difference
between the pane conductive layer (322) and the shade
conductive layer (318, 325) causes the shade (310) to
extend from a retracted configuration to an extended con-
figuration. The shade (310) can further include at least
one ink coating layer (340) including pigments that se-
lectively reflect or absorb certain visible colors and infra-
red.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation of U.S.
Patent Application No. 13/828,125, filed March 14, 2013,
the disclosure of which is hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an insulated
glazing unit ("IGU") and more particularly to an IGU which
includes an electrically controlled internal shade device
that controls the intensity and spectral region of light
passing through it, providing both energy efficiency and
privacy.
[0003] Glass windows, skylights, doors, and the like,
which are used in buildings and other structures, are
known to waste 5% of the total energy consumed in the
United States. Residential and commercial building win-
dows permit solar radiation to pass into the interior of the
building and cause unwanted heating, particularly during
summer months, thus requiring increased use of air con-
ditioning to remove the unwanted heat. Windows also
permit heat to leave the interior of the building during
winter months, thereby requiring additional heating of the
building. The increased use of air conditioning and heat-
ing increases the costs of operating the building and
causes increased consumption of petroleum products
and other non-renewable energy resources in addition
to adding to the initial cost of the structure because of
the required HVAC capability. The increased consump-
tion of these resources has become particularly critical
as for example, supplies of petroleum decrease and the
price of petroleum rises. Also, at the same time that this
increased consumption has become critical, new con-
structions of residential and commercial structures incor-
porate more glass than was used in older construction,
thereby further increasing consumption of these non-re-
newable resources.
[0004] A known method of improving the energy effi-
ciency of windows is to use low emissivity ("low e") glass
in IGUs. However, in spite of their widespread use, the
wastage of 5% of the total United States energy con-
sumption still remains.
[0005] Another concern about prior art IGUs relates to
their installation in buildings that are considerably elevat-
ed above sea level from where the IGUs were actually
constructed. Since the IGU is a sealed unit with an air
gap, as it is raised considerably higher from where it was
constructed, the outside air pressure becomes signifi-
cantly lower than the air pressure inside the unit, causing
the air inside the unit to create forces on the glass that
may make it expand and eventually shatter. The fenes-
tration industry uses pressure equalizing structures in-
side the IGU such as breather tubes and capillary tubes
to alleviate this problem, but they are limited in function.

Capillary tubes can shorten the life of the IGU because
they eventually allow moisture to penetrate the IGU, and
the moisture will eventually condense on the inside glass
surfaces.
[0006] Another prior art approach to save energy uses
an insulated glass ("IG") window that incorporates one
or more functional electronic layers between the two or
more sheets of glass of the IG window. The electronic
layers are somewhat clear in one electronic state and
allow heat and radiation to pass. In the other electronic
state, the electronic layers darken or are opaque to re-
duce the passage of radiation. The materials used, such
as liquid crystal layers, electrophoretic layers, suspend-
ed particle layers, and/or electrochromic layers, are also
used in display devices. The electrochromic layers are
the materials most commonly used for such electronic
layers. An example of this approach is described in U.S.
Patent No. 6,972,888, titled "Electrochromic Windows
and Method of Making the Same" and issued December
6, 2005 to Poll, et al., the disclosure of which is hereby
incorporated herein by reference.
[0007] Undesirably, IG windows that incorporate smart
glass are difficult and costly to manufacture, have a ques-
tionable operating life, have undesirable operating tem-
peratures, can have very slow response times, provide
incomplete darkening, and increase power consumption
for their operation. They are also limited in their ability to
provide clear lines of sight for people inside the building.
[0008] It is therefore desirable to reduce the passage
of heat and radiation through a window or the like in a
manner that avoids the tradeoffs and drawbacks of the
above known approaches and also achieves these im-
provements in a mechanism that would be readily ac-
ceptable to users of all types. The present inventors are
listed on other U.S. patents directed to inventions that
are similar in nature to the inventions described herein.
Such patents are U.S Patent No. 7,645,977 (titled "Low
cost dynamic insulated glazing unit" and issued January
12, 2010 to Schlam et al.); U.S Patent No. 8,035,075
(titled "Dynamic insulated glazing unit with multiple shut-
ters" and issued October 11, 2011 to Schlam et al.); and
U.S Patent No. 8,134,112 (titled "Method of fabricating
an insulated glazing unit having controllable radiation
transmittance" and issued March 13, 2012 to Schlam et
al.), the disclosures of which are hereby incorporated
herein by reference. The present application is directed
to inventions and further improvements regarding the
technology of the aforementioned patents.

SUMMARY OF THE INVENTION

[0009] According to an aspect of the invention, a prior
art IGU is equipped with a capillary tube to equalize in-
ternal and external pressure at higher altitudes. A hollow
metallic spacer, normally filled with a moisture-absorbing
component such as a desiccant, is constructed such that
the capillary tube feeds an opening in the spacer and
another end of the capillary tube is open to the inside of
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the IGU but sealed with a semipermeable membrane,
such as that produced by Gore™, composed of ePTFE.
Thereby, when the IGU is raised to an altitude much high-
er than the one in which it was produced, the capillary
tube will allow internal air to escape, normalizing internal
and external pressure. When further pressure or temper-
ature changes cause the IGU to take air in from the out-
side, moisture in the air will be trapped by the desiccant,
allowing for long life of the IGU without internal moisture
condensation.
[0010] According to another aspect of the invention,
an insulated glazing unit has controllable radiation trans-
mittance. A first glazing pane is attached at its periphery
to a second glazing pane via a spacer separating them,
the resultant structure being attached at its periphery to
a supporting structure. The spacer may be any of the
commercially available spacers used in the fenestration
industry. Typically one would want to use a "warm" spac-
er such as those produced by Edgetech (e.g., Super-
spacer™ or Triseal™) or Intercept™ or Duralite™, for
example. Both "warm" and "cold" spacer technologies
can be used and are composed of a variety of materials
including aluminum, steel or a variety of non-metallic ma-
terials. The spacer may be customized in shape to ac-
commodate the attachment of first and second glazing
panes of different shape or planarity. The spacer may
have a means to absorb moisture trapped in the IGU
during assembly and a means to keep outside moisture
from entering the IGU. The first glazing pane and the
second glazing pane are arranged such that an inner
surface of the first glazing pane and an inner surface of
the second glazing pane face each other and are spaced
apart from each other. A conductive layer, typically a
commercially standard low e coating or a deposited most-
ly transparent conductive coating, is disposed atop the
inner surface of the first glazing pane and/or the second
glazing pane to form fixed position electrodes. A dielectric
layer is disposed atop the conductive layer or layers, if
both are actively used. The mostly transparent conduc-
tive coating may be coated on the side of the dielectric
layer that faces the glazing pane rather than on the glaz-
ing pane itself.
[0011] A shade, which otherwise may be described as
a shutter or a variable position electrode, is affixed on
the inner surface of one or both glazing panes and is
configured as a coiled spiral roll. An outer edge of the
coiled spiral roll is attached along a width thereof to the
dielectric layer. The shade includes at least two layers
selected from a resilient layer, a substantially transparent
conductive layer, a substantially opaque conductive lay-
er, and a coating of ink. In any event, at least one con-
ductive layer is required. In one configuration, a shade
includes a resilient layer, a transparent conductive layer
on one side of the resilient layer and a coating of ink on
the other side. As described below, many other configu-
rations are possible, such as with the ink coating on the
transparent conductive layer side or on both sides. If the
ink is disposed on the conductive layer side or both sides,

the opaque conductive layer may be utilized, which can
be metallic. A first electrical lead is connected to the con-
ductive layer of the shade, and a second electrical lead
is connected to the conductive layer atop the inner sur-
face of the glazing pane to which the shade is attached.
When an electric drive of voltage or current is applied
between the first electrical lead and the second electrical
lead, the shade unwinds (extends) and rolls out to cover
at least part of the first glazing pane and thereby at least
reduces the intensity of radiation passing through the in-
sulated glazing unit. The IGU may be operated in any
physical orientation such as vertically, horizontally or at
any intermediate angle. The shade may be affixed to flat
or curved glass. When the electrical drive is reduced, the
shade winds up (retracts).
[0012] In accordance with the above aspect of the in-
vention, at least one of the first electrical lead and the
second electrical lead may be connectable to an external
controller. A switch may be included that is operable to
apply and remove the electric voltage or current drive
between the first electrical lead and the second electrical
lead or the controller may be equipped with an internal
microprocessor programmed to perform this function au-
tomatically. The controller may be programmed to pro-
vide other automated functions as well, such as automat-
ed extend/retract sequencing, adjusting operating drive
levels based on ambient temperature and wireless con-
trol of the IGU through a digital network, as examples. A
sensor may be incorporated that is operable to sense
one or more of temperature and radiation intensity (e.g.,
solar radiation) and that is operable to apply and remove
the electric drive to the shade based on the sensed tem-
perature or the sensed radiation intensity or the light in-
tensity inside or outside of the building to accommodate
for daylighting and further energy savings. That is, the
sensor can operate based on conditions detected on ei-
ther side of the IGU.
[0013] The controller may include the following func-
tionality to effectively control the one or more shades of
an IGU. The controller may include an efficient and fast
means for converting input electrical energy to the ap-
propriate drive level and providing the charge needed to
extend the shade(s). Such means for converting can in-
clude a photoflash capacitor charger or other similar de-
vices. The controller may include a microcontroller unit
to provide the algorithms with which to provide the various
shade functionalities. The controller may include a
means for providing the level shifting needed between
the signal level and drive level. Such means for providing
can include optical relays, MOSFETs with gate drivers,
or other similar devices. The controller may include a
means for providing polarity control for the drive signals,
such as a multi-phase bridge circuit or other similar de-
vices. The controller may include a means for providing
sensing and control of the exact position, speed, and/or
motion of the shade(s), such as real time capacitance
measurement, closed loop control, or other similar de-
vices.
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[0014] Also in accordance with this aspect of the in-
vention, the first glazing pane, the second glazing pane,
the conductive layer, and the dielectric layer may each
be substantially transparent or substantially translucent,
and the coating of ink in the shade may have ink with
varying degrees of opacity to visible and infra-red radia-
tion. The ink may incorporate pigments which include
known infra-red reflecting particles such as metal oxides
or may include infra-red absorbing materials. The trans-
parent conductive layer of the shade may be a transpar-
ent conductive material, such as a transparent conduc-
tive oxide ("TCO") or other transparent conductive layer,
and may have a resistivity varying from 50 ohm/sq (ohms
per square) or lower to 200 ohms/sq or higher. The ink
on the shade may include pigments that result in a se-
lection of visible colors and infrared transmission and re-
flection. As described more thoroughly below, it may be
a layered structure comprising multiple layers of ink or
multiple layers of ink with thin metal layers interposed on
either or both sides of the resilient layer. The resilient
layer of the variable position electrode may be a shrink-
able polymer, and the shrinkable polymer may be poly-
ethylenenapthalate (PEN), polyethyleneterephthalate
(PET), polyphenylene sulfide (PPS), polyether ether ke-
tone (PEEK) or other shrinkable polymers. The resilient
layer of the shade may have a thickness of about 1 mm
up to 25 mm or higher. Smaller thicknesses are also con-
templated.
[0015] Further in accordance with this aspect of the
invention, the dielectric layer may be a low dissipation
factor polymer, and the low dissipation factor polymer
may be polypropylene, fluorinated ethylene propylene
(FEP), polytetrafluoroethylene (PTFE), polyethylene-
terephthalate (PET) or polyimide (PI) or other low dissi-
pation polymer. The dielectric layer may have a thickness
of about 4 mm up to 25 mm or higher and may include a
laminating adhesive. Smaller thicknesses are also con-
templated. The glazing pane may be standard low-e win-
dow glazing, available from a variety of commercial pro-
ducers or it may be glass or plastic with a deposited trans-
parent conductive coating, or as mentioned above, the
conductive layer may be on the dielectric layer. The glass
may be tempered. The conductive layer associated with
each pane may have different conductivities and different
emissivities. A glazing pane may be curved and it may
be tinted.
[0016] Still further in accordance with the above aspect
of the invention, the outer edge of the coiled spiral roll
may be attached to the dielectric layer atop a location
near an edge of the first glazing pane, and the insulated
glazing unit may include a locking restraint that is located
near an opposing edge of the first glazing pane so that
when the variable position electrode unwinds or extends,
the locking restraint prevents the coiled spiral roll from
being completely rolled out. The locking restraint may be
comprised of a conductive material. The locking restraint
may be hollow. The locking restraint may include a low
dissipation factor polymer coating, and the low dissipa-

tion factor polymer coating may be polypropylene, fluor-
inated ethylene propylene (FEP) or polytetrafluoroethyl-
ene (PTFE) or other similar materials. The locking re-
straint may be hidden from view by the supporting struc-
ture.
[0017] A controllable radiation transmittance structure
may be a window, door, skylight, sunroof, moonroof, any
other window unit located in the roof or other area of an
automobile, canopy or any structure that includes a glass
portion which may be used for viewing and may include
an insulated glazing unit in accordance with the above
aspect of the invention. One of the first glazing pane and
the second glazing pane may be an outside window pane
suitable for outdoor use, and the other one of the first
glazing pane and the second glazing pane may be an
inside window pane.
[0018] A controllable radiation transmittance structure
may include a plurality of insulated glazing units each in
accordance with the above aspect of the invention as
well as a common switch operable to apply and remove
the electrical drive between the first electrical lead and
the second electrical lead in each of the plurality of insu-
lated glazing units. A controllable radiation transmittance
structure may include an insulating glazing unit with a
shade on each inside glass surface. This structure may
be operated with each shade retracted or extended,
thereby resulting in four possible radiation transmittance
states. A controllable radiation transmittance structure
may include an IGU with three glazing panes. Each pane
may be made in accordance with the invention, resulting
in four inner glazing surfaces and four shades attached
to them. This structure may be operated with each shade
retracted or extended, thereby resulting in sixteen pos-
sible radiation transmittance states. A controllable radi-
ation transmittance structure may include an IGU with a
plurality of shades on each inside glazing surface.
[0019] A controllable radiation transmittance structure
may include a plurality of shades on the inner surfaces
of one or both glazing panes, or on any or all of the glazing
panes provided if more than two are present in the IGU.
If on both panes, the shades may be long and narrow,
each shade essentially running most of the width of the
window. The shades on each surface are aligned and by
controlling which shades are extended and which are
retracted on each surface, the shades may be configured
such that there is a certain angular line of sight from the
inside of the building to the outside, while there is a dif-
ferent line of sight from the outside to the inside, chosen
such that direct sunlight is blocked from entering the
building.
[0020] A controllable radiation transmittance door may
include an insulated glazing unit in accordance with the
above aspects of the invention.
[0021] A controllable radiation transmittance skylight
may include an insulated glazing unit in accordance with
the above aspects of the invention.
[0022] A controllable radiation transmittance moon
roof may include an insulated glazing unit in accordance
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with the above aspects of the invention.
[0023] A controllable radiation transmittance canopy
may include an insulated glazing unit in accordance with
the above aspects of the invention.
[0024] A controllable radiation transmittance window
may be configured for use in ground vehicles, ships, air-
craft, or other types of vehicles or crafts.
[0025] Each of the above mentioned controllable radi-
ation structures may be configured with the above men-
tioned capillary tube/desiccant structure.
[0026] The foregoing aspects, features and advantag-
es of the present invention will be further appreciated
when considered with reference to the following detailed
description and accompanying drawings.
[0027] A first aspect of the present invention is an in-
sulated glazing unit having controllable radiation trans-
mittance. The insulated glazing unit includes a spacer
defining a framed area capable of allowing radiation
transmission therethrough, a first glazing pane attached
to the spacer, a second glazing pane attached to the
spacer, the glazing panes arranged such that an inner
surface of the first glazing pane and an inner surface of
the second glazing pane face each other and are spaced
apart from each other, a pane conductive layer disposed
on the inner surface of the first glazing pane, a dielectric
layer disposed on the pane conductive layer, a shade
affixed to the first glazing pane, the shade including a
resilient layer and a substantially transparent shade con-
ductive layer. The shade is adapted to extend along a
length of the framed area from a retracted configuration
having a first surface area substantially permitting radi-
ation transmission through the framed area to an extend-
ed configuration having a second surface area substan-
tially controlling radiation transmission through the
framed area. When an electric drive of voltage or current
is applied between the pane conductive layer and the
substantially transparent shade conductive layer a po-
tential difference between the pane conductive layer and
the substantially transparent shade conductive layer
causes the shade to extend from the retracted configu-
ration to the extended configuration.
[0028] In accordance with other embodiments of the
first aspect, the substantially transparent shade conduc-
tive layer may have a first side and a second side opposite
the first side, and the resilient layer may have a third side
and a fourth side opposite the third side. The shade may
further include at least one ink coating layer including
pigments that selectively reflect or absorb certain visible
colors and infrared, the at least one ink coating layer in-
cluding an ink coating layer disposed on at least one of
the first, second, third, and fourth sides. In different con-
figurations, the third side may face the second side or
the first side may face the fourth side. The shade may
further include an opaque shade conductive layer having
a fifth side and a sixth side opposite the fifth side, the
opaque shade conductive layer disposed between the
substantially transparent shade conductive layer and the
resilient layer. The shade may include an ink coating layer

disposed on at least one of the first, second, third, fourth,
fifth, and sixth sides.
[0029] The pigments of the at least one ink coating
layer can include pigments that reflect infrared radiation.
The shade can have a width and/or a length extending
substantially across a respective width and/or length of
the framed area. At least one of the first and second glaz-
ing panes may be nonplanar. The spacer may be con-
figured according to the contours of the inner surfaces
of the first and second glazing panes. The spacer may
include a moisture-absorbing component for removing
moisture from the framed area of the insulated glazing
unit and for preventing moisture from entering the framed
area of the insulated glazing unit. The spacer may include
a hollow portion that is substantially filled with a moisture-
absorbing component, the insulated glazing unit further
comprising a capillary tube having first and second ends
and configured to extend through the moisture-absorbing
component in the spacer, the first end in communication
with the exterior of the insulated glazing unit, and the
second end in communication with the framed area. A
portion of the spacer at which the second end of the cap-
illary tube communicates with the framed area may be
sealed with a semipermeable membrane. The semiper-
meable membrane may be comprised of expanded pol-
ytetrafluoroethylene (ePTFE) .
[0030] An outer edge of the shade may be attached to
the dielectric layer atop a location near an edge of the
first glazing pane, and the insulated glazing unit may in-
clude a locking restraint on the first glazing pane so that
when the shade extends such that the shade contacts
the locking restraint, the locking restraint prevents the
shade from extending fully. The locking restraint may in-
clude a hollow portion that is substantially filled with a
moisture-absorbing component, the insulated glazing
unit further comprising a capillary tube having first and
second ends and configured to extend through the mois-
ture-absorbing component in the locking restraint, the
first end in communication with the exterior of the insu-
lated glazing unit, and the second end in communication
with the framed area. At least one of the first and second
glazing panes may be tinted. The shade conductive layer
may be comprised of a material having a resistivity be-
tween about 50 and 200 ohm per square.
[0031] The insulated glazing unit may further include
a second pane conductive layer disposed on the inner
surface of the second glazing pane, a second dielectric
layer disposed on the second pane conductive layer, and
a second shade affixed to the second glazing pane, the
second shade including a second resilient layer and a
second substantially transparent shade conductive layer.
The second shade may be adapted to extend along a
length of the framed area from a second retracted con-
figuration to a second extended configuration to control
radiation transmission through the framed area, where-
by, when an electric drive of voltage or current is applied
between the second pane conductive layer and the sec-
ond substantially transparent shade conductive layer a
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potential difference between the second pane conductive
layer and the second substantially transparent shade
conductive layer causes the second shade to extend from
the second retracted configuration to the second extend-
ed configuration. The pane conductive layer disposed on
the inner surface of the first glazing pane and the second
pane conductive layer disposed on the inner surface of
the second glazing pane may have different conductivity
properties, different emissivity properties, or both.
[0032] The second glazing pane may include an outer
surface opposite the inner surface, and the insulated
glazing unit may further include a second spacer defining
a second framed area capable of allowing radiation trans-
mission therethrough, the second spacer attached to the
outer surface of the second glazing pane, a third glazing
pane attached to the second spacer, the second and third
glazing panes arranged such that an inner surface of the
third glazing pane and the outer surface of the second
glazing pane face each other and are spaced apart from
each other, a third pane conductive layer disposed on
the outer surface of the second glazing pane, a third di-
electric layer disposed on the third pane conductive layer,
and a third shade affixed to the second glazing pane, the
third shade including a third resilient layer and a third
substantially transparent shade conductive layer. The
third shade may be adapted to extend along a length of
the second framed area from a third retracted configura-
tion to a third extended configuration to control radiation
transmission through the second framed area, whereby,
when an electric drive of voltage or current is applied
between the third pane conductive layer and the third
substantially transparent shade conductive layer a po-
tential difference between the third pane conductive layer
and the third substantially transparent shade conductive
layer causes the third shade to extend from the third re-
tracted configuration to the third extended configuration.
The insulated glazing unit may further include a fourth
pane conductive layer disposed on the inner surface of
the third glazing pane, a fourth dielectric layer disposed
on the fourth pane conductive layer, and a fourth shade
affixed to the third glazing pane, the fourth shade includ-
ing a fourth resilient layer and a fourth substantially trans-
parent shade conductive layer. The fourth shade may be
adapted to extend along a length of the second framed
area from a fourth retracted configuration to a fourth ex-
tended configuration to control radiation transmission
through the second framed area, whereby, when an elec-
tric drive of voltage or current is applied between the
fourth pane conductive layer and the fourth substantially
transparent shade conductive layer a potential difference
between the fourth pane conductive layer and the fourth
substantially transparent shade conductive layer causes
the fourth shade to extend from the fourth retracted con-
figuration to the fourth extended configuration.
[0033] The insulated glazing unit may further include
a controller including a power source connectable to the
pane conductive layer and the shade conductive layer,
the controller further including a switch operable to apply

and remove the electric drive between the pane conduc-
tive layer and the shade conductive layer. The switch
may be manually operable. The controller may further
include a microprocessor programmed to operate the
switch. The microprocessor may include at least one sen-
sor operable to sense one or more of temperature and
radiation intensity and being programmed to operate the
switch based on the sensed temperature, the sensed ra-
diation intensity, or both. The controller may include a
means for converting input electrical energy to an appro-
priate drive level and providing the charge needed to ex-
tend the shade. The controller may include a microcon-
troller unit that provides algorithms with which to control
various shade functionalities. The controller may include
a means for providing level shifting between a signal level
and a drive level. The controller may include a means for
providing polarity control for drive signals. The controller
may include a means for providing sensing and control
of at least one of an exact position, speed, and motion
of the shade.
[0034] One or more of the pane conductive layer and
the dielectric layer may be a low e coating. At least one
of the first and second glazing panes may be comprised
of glass or plastic. The glass may be tempered glass.
The resilient layer of the shade may be a shrinkable pol-
ymer. The shrinkable polymer may be selected from the
group consisting of polyethylenenapthalate (PEN), poly-
ethyleneterephthalate (PET), polyphenylene sulfide
(PPS), and polyether ether ketone (PEEK). The resilient
layer of the shade may have a thickness of about 1 to 25
mm. The dielectric layer may be a low dissipation factor
polymer. The low dissipation factor polymer may be se-
lected from the group consisting of polypropylene, fluor-
inated ethylene propylene (FEP), polytetrafluoroethyl-
ene (PTFE), polyethyleneterephthalate (PET), polyimide
(PI), and polyethylenenapthalate (PEN). The dielectric
layer may have a thickness of about 4 to 25 mm. An ad-
hesive may be disposed between the first glazing pane
and the pane conductive layer or between the pane con-
ductive layer and the dielectric layer. The pane conduc-
tive layer may be a substantially transparent conductor
comprised of a metal oxide, a thin metal layer, or a low
e coating. The pane conductive layer may have a thick-
ness of about 100 to 5000 Å.
[0035] A controllable radiation transmittance structure
may include an insulated glazing unit as described herein
and a supporting structure. One of the first glazing pane
and the second glazing pane may be an outside window
pane suitable for outdoor use, and the other of the first
glazing pane and the second glazing pane may be an
inner window pane. A controllable radiation transmit-
tance structure may include a plurality of insulated glaz-
ing units each as described herein and a common switch
operable to apply and remove electric drive between the
pane conductive layer and the shade conductive layer in
each of the plurality of insulated glazing units. A control-
lable radiation transmittance structure may include a plu-
rality of insulated glazing units each as described herein
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and a plurality of dedicated switches each operable to
apply and remove electric drive between the pane con-
ductive layer and the shade conductive layer in one of
the plurality of insulated glazing units.
[0036] A ground vehicle glazing unit, a sea vehicle
glazing unit, and an aircraft glazing unit and be provided
including at least one insulated glazing unit as described
herein having controllable radiation transmittance.
[0037] An insulated glazing unit can be sized for use
in a construct selected from the group consisting of a
skylight, an automotive moon roof, an aircraft canopy, a
ground vehicle, a sea vehicle, and an aircraft window. A
door can be provided including at least one insulated
glazing unit as described herein. A controllable radiation
transmittance door, skylight, automotive moon roof, and
aircraft canopy can be provided including a support struc-
ture and an insulated glazing unit as described herein
supported by the support structure.
[0038] The insulated glazing unit may further include
a second shade affixed to the first glazing pane, the sec-
ond shade including a second resilient layer and a second
substantially transparent shade conductive layer, where-
in the second shade is adapted to extend along at least
a portion of the length of the framed area from a second
retracted configuration covering a second portion of the
framed area to a second extended configuration covering
a greater second portion of the framed area to control
radiation transmission through the framed area, and
whereby, when an electric drive of voltage or current is
applied between the pane conductive layer and the sec-
ond substantially transparent shade conductive layer a
potential difference between the pane conductive layer
and the second substantially transparent shade conduc-
tive layer causes the second shade to extend from the
second retracted configuration to the second extended
configuration.
[0039] The insulated glazing unit according may fur-
ther include a second pane conductive layer disposed
on the inner surface of the second glazing pane, a second
dielectric layer disposed on the second pane conductive
layer, and a third shade affixed to the second glazing
pane, the third shade including a third resilient layer and
a third substantially transparent shade conductive layer.
The third shade may adapted to extend along at least a
portion of a length of the framed area from a third retract-
ed configuration to a third extended configuration to con-
trol radiation transmission through the framed area.
When an electric drive of voltage or current is applied
between the second pane conductive layer and the third
substantially transparent shade conductive layer a po-
tential difference between the second pane conductive
layer and the third substantially transparent shade con-
ductive layer causes the third shade to extend from the
third retracted configuration to the third extended config-
uration. The insulated glazing unit according may further
include a fourth shade affixed to the second glazing pane,
the fourth shade including a fourth resilient layer and a
fourth substantially transparent shade conductive layer,

wherein the fourth shade is adapted to extend along at
least a portion of the length of the framed area from a
fourth retracted configuration to a fourth extended con-
figuration to control radiation transmission through the
framed area, and whereby, when an electric drive of volt-
age or current is applied between the second pane con-
ductive layer and the fourth substantially transparent
shade conductive layer a potential difference between
the second pane conductive layer and the fourth sub-
stantially transparent shade conductive layer causes the
fourth shade to extend from the fourth retracted config-
uration to the fourth extended configuration.
[0040] The first shade and the second shade may have
different widths and/or lengths. The first shade and the
second shade may each have at least one border which
is non-linear and the framed area includes a curved pe-
riphery, at least a portion of the first shade and a portion
of the second shade matching at least a portion of the
curved periphery of the insulating glazing unit. The first
shade may have at least one border which is non-linear.
The framed area may include a curved periphery. At least
a portion of the first shade may have a periphery which
matches at least a portion of the curved periphery of the
insulating glazing unit.
[0041] A second aspect of the present invention is an
insulated glazing unit having controllable radiation trans-
mittance. The insulated glazing unit includes a spacer
defining a framed area capable of allowing radiation
transmission therethrough, a first glazing pane attached
to the spacer, a second glazing pane attached to the
spacer, the glazing panes arranged such that an inner
surface of the first glazing pane and an inner surface of
the second glazing pane face each other and are spaced
apart from each other, a pane conductive layer disposed
on the inner surface of the first glazing pane, a dielectric
layer disposed on the pane conductive layer, and a shade
affixed to the first glazing pane, the shade including a
resilient layer and an opaque shade conductive layer.
The shade is adapted to extend along a length of the
framed area from a retracted configuration having a first
surface area substantially permitting radiation transmis-
sion through the framed area to an extended configura-
tion having a second surface area substantially control-
ling radiation transmission through the framed area.
When an electric drive of voltage or current is applied
between the pane conductive layer and the opaque
shade conductive layer a potential difference between
the pane conductive layer and the opaque shade con-
ductive layer causes the shade to extend from the re-
tracted configuration to the extended configuration.
[0042] In accordance with other embodiments of the
second aspect, the opaque shade conductive layer may
have a first side and a second side opposite the first side,
and the resilient layer may have a third side and a fourth
side opposite the third side. In different configurations,
the third side may face the second side, or the first side
may face the fourth side. The shade may further include
at least one ink coating layer including pigments that se-
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lectively reflect or absorb certain visible colors and infra-
red, the at least one ink coating layer including an ink
coating layer disposed on at least one of the first, second,
third, and fourth sides. One or more of the pane conduc-
tive layer and the dielectric layer may be a low e coating.
[0043] A third aspect of the present invention is a
shade. The shade can be provided separately from the
remaining components of the IGU disclosed herein. The
shade is for use with an insulated glazing unit having
controllable radiation transmittance, the insulated glaz-
ing unit including a spacer defining a framed area capable
of allowing radiation transmission therethrough, a first
glazing pane attached to the spacer, a second glazing
pane attached to the spacer, the glazing panes arranged
such that an inner surface of the first glazing pane and
an inner surface of the second glazing pane face each
other and are spaced apart from each other, a pane con-
ductive layer disposed on the inner surface of the first
glazing pane, and a dielectric layer disposed on the pane
conductive layer. The shade includes a resilient layer and
a substantially transparent shade conductive layer, with
the shade being affixed to the first glazing pane. The
shade is adapted to extend along a length of the framed
area from a retracted configuration having a first surface
area substantially permitting radiation transmission
through the framed area to an extended configuration
having a second surface area substantially controlling
radiation transmission through the framed area. when an
electric drive of voltage or current is applied between the
pane conductive layer and the substantially transparent
shade conductive layer a potential difference between
the pane conductive layer and the substantially transpar-
ent shade conductive layer causes the shade to extend
from the retracted configuration to the extended config-
uration. Of course, the shade of this third aspect for use
with an IGU can be provided with any of the attributes
and features of the shades described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

FIG. 1 is a diagram showing a front (or rear) view of
an insulated glazing unit (IGU) that includes an
shade according to an embodiment of the invention
and depicting the shade in a rolled-up state.
FIG. 2a is a diagram showing a cross-sectional view
of the insulated glazing unit (IGU) of FIG. 1 taken
along line A-A and depicting the shade in a partially
rolled out state.
FIG. 2b is a diagram showing a cross-sectional view
of an IGU of the type shown in FIG. 1 but depicting
a pair of shades in partially rolled-up states according
to a further embodiment of the invention.
FIG. 2c is a diagram showing a cross-sectional view
of an IGU of the type shown in FIG. 1 but depicting
a pair of shades in partially rolled-up states according
to a further embodiment of the invention.

FIG. 3 is a diagram showing, in detail, a side view of
a shade attached to a glazing pane according to an
embodiment of the invention and depicting the shade
in a rolled-up state.
FIG. 4 is a diagram showing the shade of FIG. 3 in
a rolled out state.
FIGS. 5a-5g depict diagrams of IGU shade configu-
rations. FIGS. 5a-5b depict shades extending along
the entire width but not length of an IGU and entire
length but not width of an IGU, respectively. FIGS.
5d-5f depict shades with non-linear borders. FIGS.
5c-5g depict an IGU where the framed area includes
a curved periphery.
FIG. 6 depicts an IGU with multiple glazing panes
and multiple shades.
FIGS. 7a and 7b are diagrams showing a new IGU
construction with moisture protecting pressure
equalization.
FIG. 8 is a diagram showing a cross-section of the
shade and the reflection and transmission of visible
and IR radiation.
FIGS. 9-21 are diagrams showing cross-sections of
other embodiments of shades in accordance with
the present invention.
FIGS. 22a-22d are diagrams showing a cross-sec-
tional view of the insulated glazing unit (IGU) with
dual shades in its four different states.
FIGS. 23a and 23b are diagrams showing a cross-
section of an IGU with multiple shades on one glazing
pane.
FIG. 24 is a diagram showing a cross-section of a
shade affixed to a curved first glazing pane and a
flat second glazing pane.
FIG. 25 is a diagram showing a cross-section of a
shade affixed to a flat first glazing pane and a curved
second glazing pane.
FIGS. 26a and 26b are diagrams showing cross-sec-
tions of an IGU with multiple shades on both glazing
panes.
FIG. 27 is a diagram showing a cross-section of the
IGU of FIG. 26a with various shades extended and
retracted.
FIG. 28 is a radiation spectrum of an inked shade.

DETAILED DESCRIPTION

[0045] The present invention overcomes the disadvan-
tages of existing insulated glazing units, such as are used
currently in energy efficient windows, by incorporating an
electrically controlled, extremely thin physical electropol-
ymeric shade between the glazing panes of the IGU. The
shade of the invention provides improvements in func-
tionality, reliability and manufacturability over known
shade devices, for example, in the display pixels of ex-
isting display ("EPD") technology, specifically by provid-
ing the glazing applications such as are described herein.
Known shade devices are described in U.S. Patent No.
4,266,339 (titled "Method for Making Rolling Electrode
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for Electrostatic Device" and issued May 12, 1981 to
Charles G. Kalt), U.S. Patent No. 5,231,559 (titled "Full
Color Light Modulating Capacitor" and issued July 27,
1993 to Kalt, et al.), U.S. Patent No. 5,519,565 (titled
"Electromagnetic-Wave Modulating, Movable Electrode,
Capacitor Elements" and issued May 21, 1996 to Kalt,
et al.), U.S. Patent No. 5,638,084 (titled "Lighting-Inde-
pendent Color Video Display" and issued June 10, 1994
to Kalt), U.S. Patent No. 6,771,237 (titled "Variable Con-
figuration Video Displays And Their Manufacture" and
issued August 3, 2004 to Kalt), U.S. Patent No. 6,692,646
(titled "Method of Manufacturing a Light Modulating Ca-
pacitor Array and Product" and issued February 17, 2004
to Kalt, et al.) and U.S. Patent Application Publication US
2002/0144831 (titled "Environmentally Green Shelter
Structure for Commercial and Residential Use" and pub-
lished October 10, 2002 by Kalt), the disclosures of which
are hereby incorporated herein by reference.
[0046] The shade is normally retracted, i.e., rolled up,
but when an appropriate voltage is applied, the shade
rapidly extends, i.e., rolls out, to cover a portion of or the
entire glazing pane much like, for example, a traditional
window shade. The rolled up shade can have a very small
diameter, which may be much smaller than the width of
the space between the glazing panes, so that it can func-
tion between the panes and is essentially hidden when
rolled up. The rolled out shade adheres strongly to the
window pane.
[0047] Preferably, the shade of the invention lasts for
up to one-hundred thousand roll outs and roll ups or more,
thereby providing an operating life that is at least as long
as that of the window, door or skylight in which the IGU
of the invention may be used. Also, the shade preferably
rolls out and then rolls back up at relatively fast speeds,
adding to its effectiveness when the IGU of the invention
is used to provide energy efficiency and/or for privacy.
Further, the shade of the invention is simple to construct
and preferably uses available, commodity-like materials
which greatly reduces its manufacturing costs and greatly
simplifies its manufacturing processes. As a result, the
shade of the invention may be manufactured at the same
facility where a window, door, or skylight IGU, for exam-
ple, is manufactured.
[0048] An embodiment of an insulated glazing unit 100
of the invention is shown in FIGS. 1 and 2a. FIG. 1 shows
a front (or rear) view of the IGU 100, and FIG. 2a shows
a cross-sectional, side view of the IGU 100 taken along
line A-A of FIG. 1.
[0049] The insulated glazing unit 100 includes first and
second glazing panes 120 which are attached at their
periphery with a spacer 150 in-between them around
their periphery. The spacer 150 defines a framed area
within the periphery capable of allowing radiation trans-
mission therethrough. The shade is adapted to extend
along all or a portion of a vertical length of the framed
area from a retracted configuration to an extended con-
figuration. In the retracted configuration, the shade has
a first surface area that substantially permits radiation

transmission through the framed area of the spacer. In
the extended configuration, the shade has a second sur-
face area that substantially controls radiation transmis-
sion through the framed area. In certain embodiments,
the shade can have a width that extends across all or a
portion of the horizontal width of the framed area of the
glazing pane on which it is attached.
[0050] A support structure 102 surrounds the resulting
first and second glazing pane assembly and is attached
to the assembly at the periphery. The first and second
glazing panes 120 are preferably made of a standard
glass, such as is currently used for residential or com-
mercial glazing applications. Alternatively, one or both of
glazing panes 120 may be comprised of any other known
rigid or flexible material, such as glass, plastic, polycar-
bonate, acrylic, glass reinforced polyester, tempered
glass, or the like. At least one of the first and second
glazing panes 120 may be tinted. Any conventional or
non-conventional thickness of glazing pane may be used,
and the thicknesses of the two glazing panes do not need
to be the same. Also, the support structure 102 may be
or may be part of, for example, a window sash or frame,
door, skylight, moon roof, or canopy, but is not limited to
only such applications.
[0051] A shade 110 is disposed between the first and
second glazing panes 120 and, preferably, is attached
at one end to an inner surface of one of the first and
second glazing panes 120 (or a dielectric layer disposed
thereon) near the top of the support structure 102 by an
adhesive layer 112. The shade 110 is shown fully rolled
up (retracted) in FIG. 1 and is shown partially rolled out
(partially extended) in FIG. 2a. FIG. 1 shows an exposed
shade 110 and adhesive layer 112 for illustrative purpos-
es. However, in most applications, the shade 110 and
the adhesive layer 112 are usually hidden by part of the
support structure 102 so that the shade is only seen when
at least partially rolled out.
[0052] The diameter of a fully rolled up shade is pref-
erably about 1 to 5 mm but may be greater than 5 mm.
However, for the shade to quickly and repeatedly roll out
and roll up, the diameter of the rolled up shade should
be no greater than the size of the space between the two
glazing panes, which is typically about 12.7 mm.
[0053] An electrical controller 130 is provided that
drives the shade and is electrically connected to the
shade by lead 132 as well as to one of the glazing panes
by lead 134. Though the leads 132, 134 are visible in
FIG. 1 for illustrative purposes, they are preferably hidden
from view by the support structure 102. The controller
130 is preferably a simple compact structure that can be
unobtrusively placed in a convenient location associated
with the IGU and, optionally, also hidden from view. For
example, the controller may be a device structure about
the size of a deck of cards or smaller. The controller is
preferably capable of providing an output voltage in the
range of about 100 to 500 V DC and may be driven by
an external AC or DC power supply or by a DC battery.
However, a higher or lower output voltage may be pro-
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vided as needed depending on the fabrication parame-
ters and materials that comprise the shade and the layers
of the glazing pane.
[0054] Preferably, the shade 110 is in a rolled up state
in the absence of an applied voltage, and rolls out when
a voltage is applied, and rolls up again when the applied
voltage is removed.
[0055] The manner in which the controller 130 is con-
trolled generally depends on the type of application in
which the IGU is used. A manual on-off switch may be
used to control the controller and thus control the shade.
Alternatively, the controller may be configured to be re-
motely controlled, such as by receiving infra-red, radio,
microwave or other signals generated by a hand-held
remote controller or from another source, to allow for re-
mote operation of the shade. A single switch may control
only one IGU or may control a group of IGUs, such as all
of the IGUs in a room or all of the IGUs along a given
wall in a room. That is, if a plurality of IGUs is provided,
a common switch can be used with the system such that
the switch is operable to concurrently apply and remove
electric drive to the shade in each of the plurality of IGUs.
Also in such a configuration of a plurality of IGUs, each
may have a dedicated switch. Further, the controller may
be configured to incorporate a processor and a network
interface that would enable the shade to be controlled
from another location in a building, such as by a personal
computer (PC) or the like using either a hard wired or
wireless local network, or from another location, such as
by an Internet connection over a telephone network, cel-
lular network, cable network, etc.
[0056] The controller 130 may include a radiation or
heat sensor that controls the supply of voltage to the
shade and which may use in place of, or in combination
with, the manually-controlled or remotely-controlled
switch. Such a sensor can be configured to cause the
shade to roll out when a predetermined intensity level of
solar radiation impinges on the IGU or to cause the shade
to roll up when the intensity level of the solar radiation
impinging on the IGU drops below a predetermined level.
Alternatively, the sensor may be configured to cause the
shade to roll out to either retain internal heat or prevent
internal heating based on whether the room temperature
or the outside temperature is above or below a predeter-
mined value, or the sensor may be configured to cause
the shade to roll up upon reaching such a predetermined
temperature value. Moreover, the sensor may be config-
ured to cause the shade to roll out or roll up based on a
combination of the intensity of solar radiation and a meas-
ured temperature. An example of a known electrical con-
trol system for controlling variable transmittance win-
dows is described in U.S. Pat. No. 7,085,609, titled "Var-
iable Transmission Window Constructions" and issued
Aug. 1, 2006 to Bechtel, et al., the disclosure of which is
hereby incorporated herein by reference.
[0057] In one embodiment, the IGU may include a con-
troller having a power source that is connectable to the
shade for operation of the shade on the glazing pane.

The controller can include a switch that is operable to
apply and remove the electric drive to the shade. The
controller can further include a microprocessor that is
programmed to operate the switch. The microprocessor
can be constructed to include at least one sensor that is
operable to sense temperature and/or radiation intensity.
The sensor can be programmed to operate the switch(es)
based on the sensed temperature, the sensed radiation
intensity, the time of day, and/or the lighting in the room,
for example.
[0058] Though FIGS. 1 and 2a show a single shade
that rolls out to cover an entire glazing pane, other con-
figurations may be used in which the IGU is comprised
of more than one shade (for example as shown in FIGS.
2b, 2c, 5a-5d, 5f, 5g, 6, 22a-d, 23a, 23b, 26a, 26b, and
27) and/or more than one glazing panes (for example as
shown in FIGS. 2b, 6, 22a-d, 26a, 26b, and 27). As an
example, the IGU 100’ shown in FIG. 2b is formed of
multiple glazing panes 120 each of which has a respec-
tive shade 110, 110’ attached thereto. Alternatively, as
shown in FIG. 2c, the IGU 100’ ’ may employ multiple
shades 110, 110’ attached to only a single glazing pane
120 such that when all of the shades are rolled out, glaz-
ing pane 120 is essentially completely covered. Each
shade can be constructed as described herein. The mul-
tiple shades can have the same or different widths (as
shown in FIG. 5b) and/or lengths (as shown in FIG. 5a)
on the framed area of the glazing pane. Each multiple
shade preferably has minimum dimensions in excess of
1-inch. In one instance, each shade is of a configuration
having a width of one or more inches and a length of one
or more inches. Also, as shown in certain of FIGS. 5c-
5g, the first and/or second shade can have at least one
border that is non-linear. The framed area can include a
curved periphery, with at least a portion of the first and/or
second shades matching the curved periphery. When
multiple shades are employed, the shades may be con-
trolled to act in unison, such as to provide the appearance
of a single shade, or the shades may be individually con-
trolled to roll out according to a predetermined pattern,
such as by rolling out only the uppermost shades, for
example.
[0059] The glazing panes and the IGU are each shown
in FIGS. 1 and 2a as being rectangular or square shaped.
However, as indicated above, other shapes for the IGU
and/or the glazing panes are also possible depending on
the specific application of the IGU, as shown in FIGS.
5c-5g. In such applications, one or more shades may be
used and configured to cover either part or all of the glaz-
ing pane when rolled out. As an example, for windows
with curved edges, the curved periphery can be covered
by piecing together more than one shade such as shown
in FIGS. 5c, 5d, 5f, and 5g, with the edges of the shade
being either curved or linear.
[0060] As shown in FIGS. 1 and 2a, a locking restraint
114 may be disposed at the bottom of the IGU 100 along
its width and serves to prevent the shade from rolling out
its entire length. Though the locking restraint 114 is visible
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in FIGS. 1 and 2a for illustrative purposes (as well as
114’ in FIG. 2b), it is preferably hidden behind the bottom
of the support structure 102. The locking restraint is pref-
erably constructed of a conductive material, such as a
metal or the like. The locking restraint may also be coated
with a low dissipation factor polymer, such as polypro-
pylene, fluorinated ethylene propylene (FEP) or poly-
tetrafluoroethylene (PTFE).
[0061] An embodiment of a shade 310 of the invention
and its operation are depicted in greater detail in FIGS.
3 and 4. FIG. 3 shows a side view of the shade 310 in its
rolled up state and also shows a portion of a glazing pane
320 of an IGU of the invention. FIG. 4 illustrates the shade
310 and the glazing pane 320 in side view when the shade
is at least partially rolled out.
[0062] The glazing pane 320 is covered with a conduc-
tive layer 322 upon which is provided a dielectric layer
324. Both the conductive material and the dielectric ma-
terial are substantially transparent. The conductive layer
322 is electrically connected via a terminal 334 to, for
example, the lead 134 of FIG. 1 and serves as a fixed
electrode of a capacitor. The dielectric layer 324 serves
as the dielectric of this capacitor.
[0063] The conductive layer 322 is typically a transpar-
ent conductor and, may be a commonly available con-
ductive material such as is used in the flat panel display
industry. Among the transparent conductors used are
metal oxides such as indium tin oxide (ITO) and tin oxide
(SnO2), though other similar materials may alternatively
be used. Preferably, the conductive layer 322 is about
100 to 5000 Å thick, though other thicknesses may be
used depending on the conductor chosen for the con-
ductive material and the desired application. Though ex-
amples of a transparent conductor are provided, a trans-
lucent conductor or other type conductor could be em-
ployed as the conductive layer. The dielectric layer 324
is typically a transparent dielectric material, though a
translucent dielectric material may alternatively be used.
Preferably, the transparent dielectric material is a low
dissipation factor polymer. Such commonly available pol-
ymers include polypropylene, fluorinated ethylene pro-
pylene (FEP), polytetrafluoroethylene (PTFE), polyeth-
yleneterephthalate (PET), polyimide (PI), and polyethyl-
enenapthalate (PEN), though other polymers may be
used. Preferably, the thickness of the dielectric layer is
about 4 to 25 mm, though other thicknesses may be used
depending on the material chosen for the dielectric layer
and the desired application. However, thinner dielectric
layers typically reduce the reliability of the shade whereas
thicker dielectric layers typically require a too high applied
voltage.
[0064] A low e coating may also be provided for the
glazing pane 320. Because many low e coatings are con-
ductive, such low e coatings may be used in place of the
conductive layer 322. Furthermore, some low e coatings
incorporate a silver material within a protective matrix
and thus are insulators that may utilized as the dielectric
layer 324. Moreover, other low e coatings use a protective

overcoat atop a silver layer and may be substituted for
both the conductive layer 322 and the dielectric layer
324, thereby reducing the cost of manufacturing the IGU
of the invention. Additionally, the standard processes
used for manufacturing low e coatings are able to ac-
commodate a wide range of acceptable conductivities
and are thus especially suitable for providing a low e coat-
ing as the conductive layer.
[0065] A shade according to the present invention in-
cludes at least two layers selected from a resilient layer,
a substantially transparent conductive layer, a substan-
tially opaque conductive layer, and a coating of ink. One
embodiment of a shade 310 in accordance with the
present invention is shown in FIG. 8. Shade 310 is con-
structed with a resilient layer 316, a substantially trans-
parent conductive layer 318, and an ink coating layer
340. In the embodiment shown in FIG. 3, the conductive
layer 318 is disposed upon the resilient layer 316 such
that the conductive layer 318 is positioned between the
resilient layer 316 and the glazing pane 320 when the
shade 310 is extended. Glazing pane 320 is disposed
adjacent to conductive layer 318, i.e. between conductive
layer 318 and the incoming solar IR radiation (labeled as
IR in FIG. 8) and visible light (labeled as VL in FIG. 8).
[0066] IR entering through glazing pane 320 contacts
shade 310 by first contacting conductive layer 318. Some
IR will be reflected at the two sides of conductive layer
318, as shown in FIG. 8. The unreflected IR will continue
through resilient layer 316, with some IR being reflected
at the initial side of resilient layer 316. The far side of
resilient layer 316 coincides with ink coating layer 340,
which is configured to reflect or absorb substantially all
remaining IR. Thus, substantially no IR passes all the
way through shade 310. On the other hand, because
shade 310 is substantially transparent except for ink coat-
ing layer 340, visible light VL reflects off either side of the
shade so that the viewer sees the color of the ink coating
layer 340 from the side on which the shade is viewed, as
shown in FIG. 8.
[0067] It is noted that in FIG. 8, as well as in other
embodiments of the shade shown in FIGS. 9-21, that
only the glazing pane and the layers of the shade are
shown for purposes of clarity. Other layers such as con-
ductive layer 322 and dielectric layer 324 are of course
provided as discussed above. The shades in these fig-
ures are also shown as fully planar without any curved
or curled portions or any attachment to the glazing pane.
This is also done for the sake of clarity to show the order
of the layers of the shade. The thicknesses of the layers
are shown as being similar, although they can be different
as elsewhere described in the present application.
[0068] Many variations of shade 310 are contemplated
as part of the present invention. In one embodiment of
shade 310, resilient layer 316 and substantially transpar-
ent conductive layer 318 are included. Both layers have
first and second sides, with the first sides facing glazing
pane 320 and the second sides opposite from the re-
spective first sides. Either resilient layer 316 or conduc-
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tive layer 318 can be positioned nearer glazing pane 320.
In a preferred embodiment, conductive layer 318 is po-
sitioned nearer glazing pane 320 than resilient layer 316
to minimize the distance between conductive layer 318
and conductive layer 322 and to allow the resilient layer
316 to induce curling of shade 312 in a direction away
from glazing pane 320. The layer disposed nearer glazing
pane 320 can be called the "first layer" and the other
layer further from glazing pane 320 can be called the
"second layer."
[0069] Shade 310 can further include at least one ink
coating layer 340. Positions for the at least one ink coat-
ing layer 340 can vary. Ink coating layer 340 can be dis-
posed on the first side of the first layer, i.e. between glaz-
ing pane 320 and the first layer. Ink coating layer 340
can be disposed on the second side of the first layer and
the first side of the second layer, i.e. between the first
and second layers. Ink coating layer 340 can be disposed
on the second side of the second layer, i.e. on the portion
of shade opposite glazing pane 320 and constituting the
outermost layer of shade 310. Ink coating layer 340 can
be provided in none or in any one or all of these locations
in a shade according to the present invention.
[0070] In addition to shade 310 including resilient layer
316 and substantially transparent conductive layer 318,
a different substantially opaque conductive layer 325 can
also be provided. Substantially opaque conductive layer
325 can constitute a third layer, and together with resilient
layer 316 and substantially transparent conductive layer
318, these three layers can be provided as first, second,
and third layers of shade 310 disposed in any order with
respect to glazing pane 320. With shade 310 constituting
these three layers, at least one ink coating layer 340 can
be provided in none or any or all of four separate posi-
tions. These positions are: (1) on the first side of the first
layer, i.e. between glazing pane 320 and the first layer;
(2) on the second side of the first layer and the first side
of the second layer, i.e. between the first and second
layers; (3) on the second side of the second layer and
the first side of the third layer, i.e. between the second
and third layers; and (4) on the second side of the third
layer, i.e. on the portion of shade opposite glazing pane
320 and constituting the outermost layer of shade 310.
[0071] In another embodiment of shade 310, the first
and second layers can be resilient layer 316 and sub-
stantially opaque conductive layer 325, the latter replac-
ing substantially transparent conductive layer 318. All
other aspects of the shade can otherwise be the same,
including either resilient layer 316 or substantially opaque
conductive layer 325 being positioned nearer glazing
pane 320. The at least one ink coating layer 340 can be
positioned at none or in any one or more of the above-
described three positions, i.e. on either side and between
these first and second layers.
[0072] Particular examples of the shade will now be
described. FIG. 9 depicts a shade 310a including sub-
stantially transparent conductive layer 318 closest to
glazing pane 320, resilient layer 316, and substantially

opaque conductive layer 325 furthest from glazing pane
320. An ink coating layer 340 is placed on the far end
and between each pair of layers of shade 310a, totaling
three ink coating layers 340. In other variations, a sub-
stantially transparent conductive layer 318 could be used
in place of substantially opaque conductive layer 325,
resulting in two substantially transparent conductive lay-
er 318 in the shade. Another variation would switch the
places of substantially transparent conductive layer 318
and substantially opaque conductive layer 325. A fourth
ink coating layer 340 can be placed on the near end of
any of these variations of shade 310a, as well. Thus,
when shade 310a is viewed from either side, the viewer
would see all ink layers from the near side of the shade
through to substantially opaque conductive layer 325. If
substantially opaque conductive layer 325 is omitted, the
viewer would see all ink layers.
[0073] While ink coating layers 340 can be disposed
in direct contact with either side of substantially transpar-
ent conductive layer 318, certain embodiments can pro-
vide an ink coating layer 340 on only one side of sub-
stantially transparent conductive layer 318, as shown in
FIG. 9. In an embodiment such as shade 310a wherein
both substantially transparent conductive layer 318 and
substantially opaque conductive layer 325 are present,
it is preferred that the conductive layers 318 and 325 are
disposed on opposite sides of resilient layer 316, and
that substantially transparent conductive layer 318 is the
conductive layer disposed closer to the glazing pane.
However, as the present disclosure makes clear, all other
variations of the order and configuration of the layers of
the shade are certainly contemplated.
[0074] FIG. 10 depicts a shade 310b including sub-
stantially opaque conductive layer 325 closest to glazing
pane 320, resilient layer 316, and a single ink coating
layer 340 furthest from glazing pane 320. FIG. 11 depicts
a shade 310c, which is similar to shade 310b, but includes
substantially transparent conductive layer 318 between
substantially opaque conductive layer 325 and glazing
pane 320. A viewer would therefore see the ink layer from
viewing shade 310b or 310c from the shade side of glaz-
ing pane 320, and would see the metallic finish of sub-
stantially opaque conductive layer 325 when viewing
shade 310b or 310c through glazing pane 320. This is
true in the case of shade 310c since conductive layer
318 is substantially transparent.
[0075] FIG. 12 depicts a shade 310d including ink coat-
ing layer 340 closest to glazing pane 320, substantially
transparent conductive layer 318, and resilient layer 316
furthest from glazing pane 320. FIG. 13 depicts a shade
310e which is similar to shade 310d, but includes sub-
stantially opaque conductive layer 325 instead of sub-
stantially transparent conductive layer 318. A viewer
would therefore see the ink layer when viewing shade
310d or 310e through glazing pane 320. When viewed
from the shade side of glazing pane 320, a viewer would
still see the ink layer in shade 310d and would see the
metallic finish of substantially opaque conductive layer
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325 in shade 310e.
[0076] FIGS. 14 and 15 depict shades 310f and 310g,
respectively. Shades 310f and 310g are similar to shades
310d and 310e, respectively, but each includes an addi-
tional ink coating layer 340 on the side of the shade fur-
thest from glazing pane 320. Thus, the viewer would see
an ink layer when viewing shade 310g from either side,
and would see both ink layers when viewing shade 310f
from either side.
[0077] FIGS. 16 and 17 depict shades 310h and 310i,
respectively. Shades 310h and 310i are similar to shades
310d and 310e, respectively, but neither includes an ink
coating layer 340 at all. Thus, the viewer would essen-
tially see through shade 310h from either side, and would
see the metallic finish of substantially opaque conductive
layer 325 when viewing shade 310i from either side.
[0078] FIG. 18 depicts a shade 310j including substan-
tially transparent conductive layer 318 nearest glazing
pane 320, substantially opaque conductive layer 325,
and resilient layer 316 furthest from glazing pane 320.
The viewer would see the metallic finish of substantially
opaque conductive layer 325 when viewing shade 310j
from either side.
[0079] FIG. 19 depicts a shade 310k including sub-
stantially transparent conductive layer 318 nearest glaz-
ing pane 320, resilient layer 316 next, ink coating layer
340 next, and substantially opaque conductive layer 325
furthest from glazing pane 320. The viewer would see
the ink layer when viewing shade 310k through glazing
pane 320, and would see the metallic finish of substan-
tially opaque conductive layer 325 when viewing shade
310k from the other side.
[0080] FIG. 20 depicts a shade 310m including sub-
stantially opaque conductive layer 325 with an ink coating
layer 340 on either side, and resilient layer 316 furthest
from glazing pane 320. FIG. 21 depicts a shade 310n
including substantially opaque conductive layer 325 with
an ink coating layer 340 on either side, with resilient layer
316 nearer glazing pane 320 and substantially transpar-
ent conductive layer 318 closest to glazing pane 320. For
both shades 310m and 310n, the viewer would see an
ink coating from either side of the shade.
[0081] These examples are a few of many possible
combinations of the shade. As can be understood, the
particular layers of a shade can be selected to provide a
particular look by using one or more ink coatings, and
can substantially block all light by using substantially
opaque conductive layer 325.
[0082] The resilient layer 316 is preferably formed from
a shrinkable polymer such as polyethylenenapthalate
(PEN), polyethyleneterephthalate (PET), polyphenylene
sulfide (PPS), or polyether ether ketone (PEEK), though
other shrinkable polymers may be used. The polymer
used for the resilient layer 316 is preferably about 1 to
25 mm thick, but other thicknesses may be employed
according to the polymer chosen and the intended appli-
cation. However, thinner resilient layers typically reduce
the reliability of the shade whereas thicker resilient layers

typically require higher applied voltages.
[0083] The conductive layer 318 is preferably substan-
tially transparent. The conductive layer 318 is preferably
made of a conductive oxide, such as one of which the
conductive layer 322 is made, and is preferably about
100 to 500 Å thick, though a layer having a different thick-
ness may be used based on the intended application.
The preferred thickness range provides the most desired
transmission variation. Thicknesses outside that range
typically reduce the reliability of the shade. The material
of the conductive layer 318 preferably has a resistivity
between about 50 and 200 ohm per square but it can be
more or less.
[0084] The conductive layer 325 is preferably substan-
tially opaque. The conductive layer 325 is preferably
made of a metallic material, such as aluminum, nichrome,
stainless steel, or the like, and is preferably about 500 Å
thick, though a layer having a different thickness may be
used based on the intended application. The conductive
layer 325 is preferably comprised of a material that blocks
substantially all light. Conductive layer 318 also slightly
physically stronger than conductive layer 325.
[0085] The ink coating layer 340 includes pigments that
selectively reflect or absorb certain visible colors and in-
frared. The pigments of the ink coating layer 340 may
include pigments that reflect infrared radiation, such as
metal oxide pigments or particles.
[0086] In the cross section of shade 310 depicted in
FIG. 8, one embodiment of the variable position electrode
of the IGU is shown and is described above. The trans-
parent further conductive layer 318 allows visible light to
pass through it. Visible light is also allowed to pass
through the resilient layer 316, typically a transparent pol-
ymer. The visible light is then totally or partially reflected
or absorbed by the ink coating layer 340 on the other
side of the resilient layer 316. This imparts a certain color
to the appearance of the resilient layer 316 when viewed
from the side of the shade on which the conductive layer
318 is disposed. The same coloration will appear when
viewed from the opposite side of the shade 310. Since
the ink of the ink coating layer 340 can be any color, the
structure of shade 310 is amenable for use in residential
buildings where the occupant desires windows appear-
ing to be the same color when viewed from the outside
or inside of the residential unit. Of course, it is also useful
in commercial buildings. That portion of the solar heat
radiation passing through the transparent conductive lay-
er 318 will impinge on the ink of the ink coating layer 340,
which can be loaded with infra-red reflective or absorbing
pigmentation, thereby not allowing the heat radiation to
pass through the shade 310 and enter the inside of the
building. This results in a cooler environment inside the
building, reducing energy consumption to run air condi-
tioning systems and allowing the building design to in-
corporate a smaller HVAC load, thereby reducing build-
ing construction cost.
[0087] The fenestration industry is focused on increas-
ing the solar heat rejection by enhancing the low e sur-
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faces on window glass. However this also has the con-
sequence of reducing solar heating in cold environments,
so an energy cost penalty occurs, since the solar heat is
not available to supplement the building heating system.
An advantage of shade 310 is therefore that it allows the
use of less blocking low e glass, since the ink coating
layer provides better solar heat rejection and with the
shade retracted in cold environments, allows the pene-
tration of solar heat into the building.
[0088] As FIG. 3 shows, the shade 310 is ordinarily
coiled as a spiral roll with the outer end of the spiral affixed
by an adhesive layer 312 to the dielectric material 324
atop the glazing pane 320. The conductive layer 318 is
electrically connected via a terminal 332 to, for example,
the lead 132 of FIG. 1 and serves as a variable electrode
of a capacitor having the conductive material 322 as its
fixed electrode and the dielectric material 324 as its die-
lectric.
[0089] When an electrical drive is provided between
the variable electrode and the fixed electrode, namely,
when an electric drive of voltage or current is applied
between the conductive layer 318 of the shade 310
(shown in FIG. 8) and the conductive material 322 above
the glazing pane 320, the shade 310 is pulled toward the
glazing pane 320 by an electrostatic force created by the
potential difference between the two electrodes. The pull
on the variable electrode causes the coiled shade to roll
out, as FIG. 4 shows. The electrostatic force on the var-
iable electrode causes the shade 310 to be held securely
against the fixed electrode of the glazing pane 320. As
a result, the ink coating layer 340 of the shade selectively
reflects or absorbs certain visible colors and/or infrared
that pass through the resilient layer 316 and the conduc-
tive layer 318. In this way, the rolled out shade substan-
tially controls radiation transmission by selectively block-
ing certain light or other radiation from passing through
the IGU, and thereby changing the overall function of the
IGU from being transmissive to being partially or selec-
tively transmissive.
[0090] When the electrical drive between the variable
electrode and the fixed electrode is removed, the elec-
trostatic force on the variable electrode is likewise re-
moved. The spring constant present in the resilient layer
316 and conductive layer 318 of the shade 310 causes
the shade to roll up back to its original, tightly wound
position. Because movement of the shade is controlled
by a primarily capacitive circuit, current essentially only
flows while the shade is either rolling out or rolling up. As
a result, the average power consumption of the shade is
extremely low.
[0091] The variations of shades 310a-n may cause
such shades to operate slightly differently than shade
310. When a shade includes only one conductive layer
(either substantially transparent conductive layer 318 or
substantially opaque conductive layer 325), such as in
shade 310 of FIG. 8, shade 310b of FIG. 10, shade 310d
of FIG. 12, shade 310e of FIG. 13, shade 310f of FIG.
14, shade 310g of FIG. 15, shade 310h of FIG. 16, shade

310i of FIG. 17, or shade 310m of FIG. 20, that conductive
layer operates in connection with conductive material 322
above the glazing pane 320 to pull the shade toward the
glazing pane 320 when an electrical drive is provided
between the variable electrode and the fixed electrode.
If that conductive layer of the shade is substantially
opaque conductive layer 325, it acts also as a light block-
ing layer since it is substantially opaque.
[0092] When a shade includes both substantially trans-
parent conductive layer 318 and substantially opaque
conductive layer 325, such as in shade 310a of FIG. 9,
shade 310c of FIG. 11, shade 310j of FIG. 18, shade
310k of FIG. 19, and shade 310n of FIG. 21, the conduc-
tive layer nearer glazing pane 320 typically operates in
connection with conductive material 322 above the glaz-
ing pane 320 when an electrical drive is provided. Both
conductive layers 318 and 325 may cooperate with con-
ductive material 322 to some degree if both of layers 318
and 325 are disposed between glazing pane 320 and a
resilient layer 316 (FIG. 11), with one (typically that nearer
pane 320) cooperating more than the other. If substan-
tially opaque conductive layer 325 is provided with sub-
stantially transparent conductive layer 318, and substan-
tially opaque conductive layer 325 is the conductive layer
further from glazing pane 320 (FIG. 11), substantially
opaque conductive layer 325 typically acts either solely
or primarily as a light blocking layer since it is substantially
opaque.
[0093] When one or more ink coating layers 340 is pro-
vided in a shade, the layers 340 selectively reflect or ab-
sorbs certain visible colors and/or infrared that encounter
such layer 340. Each layer 340 can be similarly or differ-
ently constructed to have the same or different reflective
or absorptive effects. In this way, the rolled out shade
can be tailored to substantially control radiation trans-
mission by selectively blocking certain light or other ra-
diation from passing through the IGU, and thereby chang-
ing the overall function of the IGU from being transmissive
to being partially or selectively transmissive.
[0094] Regardless of the construction of the shade,
each shade includes a resilient layer 316. Thus, when
the electrical drive between the variable and fixed elec-
trodes is removed, the spring constant of resilient layer
316 and any conductive layers causes the shade to roll
up.
[0095] The fabrication of the shade of the invention and
its assembly within an IGU is preferably carried out in a
manner that ensures good adhesion between the shade
and the glazing unit, avoids wrinkles in the layers of the
shade, and provides an overall smooth appearance when
the shade is rolled out. The shade is also preferably fab-
ricated and assembled within the IGU in a manner that
allows the shade to operate reliably when rolled out or
rolled up and to reliably repeat these operations numer-
ous times. It is thus desirable to provide such methods
of fabrication and assembly, and three such novel meth-
ods are described below, as well as in U.S Patent Nos.
7,645,977, 8,035,075, and 8,134,112, mentioned above
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and hereby incorporated herein by reference.
[0096] A first method of the invention uses the natural
curl of the layered structure, advantageously with a man-
drel 400 in a novel manner to form the shade and attach
it to a glazing pane.
[0097] A glazing pane is prepared to receive the shade.
The glazing pane is first coated with a transparent con-
ductor. The coating step may be carried out in a known
manner, such as by pyrolytic spraying of conductive ma-
terial onto a surface of the glazing pane or by rf sputtering
of the conductive material onto the surface of the glazing
pane. This coating may be the functional layer of a low
e glazing. Next, a dielectric layer is formed atop the trans-
parent conductor. The dielectric layer, such as a low dis-
sipation factor polymer, may be laminated to the glazing
pane without using any adhesive so that the glazing pane
remains essentially clear. When polypropylene is used
as a low dissipation factor polymer for the dielectric layer,
a polypropylene layer is laminated to the glazing pane
by first preheating the glazing pane and then passing the
glazing pane and the polypropylene layer together
through a roll laminator that uses a hot shoe or, prefer-
ably, a hot roller. Alternatively, when fluorinated ethylene
propylene (FEP) or polytetrafluoroethylene (PTFE) is
used as a low dissipation factor polymer for the dielectric
layer, an FEP or PTFE layer is laminated to the glazing
pane by pressing the FEP or PTFE layer onto the glazing
pane in an air tight manner and then heating the FEP or
PTFE layer and the glazing pane until the FEP or PTFE
softens and adheres to the glazing pane. In alternate
embodiments, an adhesive may be disposed between
the glazing pane and the transparent conductor or be-
tween the transparent conductor and said dielectric layer.
[0098] The shade is fabricated using a layered struc-
ture as described above. When using a mandrel, the lay-
ered structure is first held along its width edge to the
length of the shaft of the mandrel 400 to which it naturally
grabs onto because of its curl. The mandrel 400 and the
held layered structure are then heated to at least a tem-
perature at which the polymer (resilient) layer of the lay-
ered structure is caused to shrink. The conductive lay-
er(s) of the layered structure, however, does not shrink
as the polymer layer shrinks so that the layered structure
is pulled by the shrinking polymer layer in a manner that
causes the layered structure to more firmly coil around
the mandrel 400 and thereby form a tightly coiled spiral
roll, as shown in FIG 3. Of course, while mandrel 400 is
shown in FIG. 3, such mandrel 400 would be removed
during regular use of the IGU. A line of adhesive is next
applied to the dielectric layer atop the glazing pane, and
then the outer width edge of the layered structure is af-
fixed to the dielectric layer atop the glazing pane. Next,
the electrical contacts or leads are electrically connected
to the conductive layer of the layered structure (or, if more
than one conductive layer is provided in the layered struc-
ture, to the conductive layer disposed closest to the glaz-
ing pane) and to the transparent conductor, and a voltage
is applied to the two electrical leads to cause the layered

structure to roll out and release the mandrel.
[0099] The glazing pane is then attached at its periph-
ery to another glazing pane with the intervening spacer,
and sealed with the electrical leads passing through the
seal. The resulting glazing assembly is then affixed to
the supporting structure. The electrical lead to the con-
ductive layer of the layered structure and the electrical
lead to the conductive layer atop the glazing pane are
then traced along the inside of the supporting structure,
such as behind the top and side portions of the supporting
structure, to an internally-located power supply or
through an opening in the supporting structure to an ex-
ternally-located power supply. The supporting structure
is assembled within the overall window frame. The con-
tacts are configured in a manner such that electrical con-
tact with the leads is maintained even if the glazing pane
and its supporting structure are moved within the window
frame. Incorporating a metallic (conducting) structure in
the supporting structure and window frame facilitates the
electrical contact.
[0100] Another method of fabricating the shade avoids
using a mandrel. A glazing pane is coated with a con-
ductive layer and is laminated with a dielectric layer in
the manner described above. An adhesive is next applied
atop the dielectric layer along each of the edges of the
glazing pane to have a "picture frame" shape on the glaz-
ing pane. A pre-stretched layered structure is provided
as described previously and all edges of the layered
structure are then adhered to the dielectric layer atop the
glazing pane. The layered structure is then released
along all but one of its edges so that the pre-stretched
layered structure naturally curls around itself in a manner
similar to that described regarding the above method.
The edges of the layered structure are preferably re-
leased by cutting the layered structure using a blade or
a laser. Optionally, a sacrificial layer is provided between
the layered structure and the dielectric layer to avoid
damaging the dielectric layer while cutting the layered
structure. Alternatively, the edges of the layered structure
are chemically released from the dielectric layer.
[0101] The layered structure and the glazing pane are
then heated in a manner similar to that described previ-
ously so that the polymer layer shrinks and causes the
layered structure to more firmly coil around itself and form
the tightly coiled spiral roll. The other glazing pane, elec-
trical leads and supporting structure are then assembled
in the manner described above to complete the IGU.
[0102] A further method of fabricating the shade uses
a flat counter weight that is preferably the same length
and width as the shade. A conductive layer is coated atop
the glazing pane, and a dielectric layer is laminated atop
the glazing pane, both in the manner described regarding
the first method. A line of adhesive is then applied along
one edge of the dielectric layer. The flat counter weight
is placed atop the layered structure to cover at least the
area of the layered structure, and a width edge of the
layered structure is positioned onto the line of adhesive
to affix the edge of the layered structure to the dielectric
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layer. The flat counter weight is then removed so that the
layered structure wraps around itself, and the layered
structure and the glazing pane are heated as described
above to form the tightly coiled spiral roll of the shade.
The remaining steps are carried out as set out above.
[0103] In addition to the three related methods de-
scribed above, variations of these methods are also pos-
sible within the scope of the invention.
[0104] The incorporation of the shade within an IGU
according to the invention provides an IGU having im-
proved energy efficiency. Additionally, the shade and
IGU of the invention may be used for various privacy
applications by modifying the thickness of its conductive
layer(s) and/or the thickness and/or composition of the
ink coating layer or the interleaving metallic layer used
so that the IGU becomes, for example, selectively reflec-
tive or absorptive when the shade rolls out.
[0105] The shade and IGU of the invention may be
used in any one of numerous applications in which IGUs
are ordinarily used or in which controllable privacy is de-
sired. The shade and IGU of the invention may be used
as an outside facing window, as an internally located win-
dow such as along a conference room, as a thermal door
that is exposed to the outside, or as an optically clear
door used inside. Moreover, the shade and IGU of the
invention may be incorporated into a skylight or other
such window-like overhead structures used in a residen-
tial, commercial, or industrial building. Additionally, the
shade and IGU of the invention may be used in a motor
vehicle, such as to provide a sunroof, moonroof, or the
like, may be used in a commercial, industrial or military
ground or sea vehicle, or may be used in an aircraft.
[0106] Also, the structure of the shade and IGU of the
invention and the manufacturing methods of the invention
may be readily be varied to accommodate other possible
applications that require simple changes without depart-
ing from the scope of the invention. The underlying prin-
ciples of the invention remain the same in such applica-
tions.
[0107] Another aspect of the present invention in-
volves a desiccant for removing moisture from and pre-
venting moisture from entering the framed area of the
insulated glazing unit. In the construction of certain prior
art IGUs, two glazing panes are held together and sep-
arated by a spacer. The gap between the glazing panes
is normally filed with air or other gas. A desiccant or other
moisture-absorbing component is incorporated into the
IGU and is associated with the spacer such that moisture
can be removed from or prevented from entering the
framed area. A moisture barrier may be incorporated
around the periphery of the spacer. The moisture barrier
is used to prevent moisture from entering the sealed unit
and the desiccant is used to absorb moisture trapped in
the sealed unit during construction and to absorb any
moisture that penetrates the moisture barrier.
[0108] Moisture that resides in the IGU can condense
on the glazing panes, producing a fog that that inhibits
the clarity of the window. However, because of the tight

seal between the glazing panes, if the IGU is elevated to
elevations significantly higher than those present at the
location at which the IGU was sealed, the greater gas
pressure in the IGU as compared to the atmospheric
pressure at the higher elevations can cause the IGU to
expand, bending and perhaps fracturing the glazing
panes or breaking the seal. An industry standard solution
to this problem is to incorporate a capillary or breather
tube or a capillary tube in the IGU, which can allow the
IGU to expel higher internal gas pressure when it is ele-
vated too high. However, with these breather tubes, the
IGU cannot later be lowered to its original elevation, since
the pinched off breather tube will cause greater outside
pressure than the new inside pressure in the IGU, caus-
ing the IGU to compress. The open capillary tube will
also allow the IGU to suck in outside air, creating the
above-described internal moisture problem.
[0109] An embodiment shown in FIGS. 7a and 7b ad-
dresses these deficiencies of existing IGUs. FIG. 7a de-
picts an IGU 500 in which a capillary tube 503 is fed into
a breathing desiccant channel 505 of spacer 501. The
desiccant channel 505 can be a hollow portion of spacer
501 that is substantially filled with a desiccant. In alter-
native embodiments, the desiccant channel 505 may be
distinct from the spacer 501 and provided as a separate
added channel to the IGU. The capillary tube 503 has
one end 503a exposed to and in communication with the
outside of the IGU and the other end 503b configured so
that it is inside the desiccant channel 505 and in commu-
nication with the framed area, so that any moisture re-
absorbed by the IGU when its elevation is reduced from
a higher elevation will be absorbed by the desiccant 504
disposed within channel 505. FIG 7b shows the detail of
the capillary tube 503 in the channel 505 filled with des-
iccant 504. The opposite end of the channel 505 is open
to the inside of the glazing panes 502 of the IGU 500 and
covered by a Gore™ or equivalent semipermeable mem-
brane 505a to protect the inside of the IGU 500 from
debris. The semipermeable membrane 505a can be
comprised of expanded polytetrafluoroethylene (ePT-
FE).
[0110] The locking restraint 114 described above can
also or alternatively include a hollow portion that is sub-
stantially filled with a desiccant. In such a configuration,
the IGU can include a capillary tube, which may be the
only capillary tube or may be provided additionally to the
capillary tube 503 disposed in the spacer 501, having
first and second ends and configured to extend through
the desiccant in the locking restraint. As described above,
the first end is in communication with the exterior of the
insulated glazing unit, and the second end is in commu-
nication with the framed area.
[0111] Additional embodiments of the present inven-
tion are now described. FIGS. 22a-d depict four possible
states for the IGU 100’ (such as that shown in FIG. 2b)
incorporating a shade 110 and 110’ on each glazing pane
120. The shades used in these or any other IGUs can be
any of the shade configurations disclosed in the present
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application. FIG. 22a shows the shades 110 and 110’
both in a retracted configuration on their respective glaz-
ing pane 120. FIG 22b depicts the IGU 100’ with the
shade 110 in an extended configuration, while the shade
110’ remains in its retracted state. FIG. 22c shows IGU
100’ with the shade 110 in its retracted configuration and
the shade 110’ in its extended configuration. In FIG. 22d,
both shades 110 and 110’ are in their extended config-
urations. Of course, it is contemplated that IGU 100’ could
be configured with one or both of the shades 110 and
110’ disposed in mirrored or different configurations,
such as each shade being partially extended to a different
degree. By incorporating different ink properties in the
ink coating layers of the shades 110 and 110’, there are
four different radiation states of the depicted IGU 100’.
For example, the two shades 110 and 110’ could have
different colors, different optical densities for the same
color, or different amounts of IR rejection or combinations
of the above.
[0112] Shade 110’ is constructed in a manner as set
forth above. The second glazing pane includes a second
conductive layer disposed on an inner surface thereof,
and a second dielectric layer disposed on the second
conductive layer. The second shade can be configured
in a second retracted configuration and a second extend-
ed configuration to control radiation transmission through
said framed area. The conductive layer disposed on the
inner surface of the first glazing pane and the second
conductive layer disposed on the inner surface of the
second glazing pane can have different conductivity
properties and/or different emissivity properties. Opera-
tion of shade 110’ is as described above in connection
with shade 110.
[0113] Also, as described above in connection with
FIG. 2c, each opposing surface of the glazing panes of
the IGU can include multiple shades.
[0114] FIG. 6 depicts an IGU configuration 100"’ which
incorporates two IGUs using a common center glazing
pane 120. The IGU 100"’ uses three glazing panes 120,
and is commonly referred to as a triple glaze. This struc-
ture incorporates four shades and therefore has sixteen
possible states with possible different radiation proper-
ties of each shade. Essentially, one glazing pane of the
first IGU doubles as a glazing pane for each IGU of the
construct. In that way, the central glazing pane can be
said to include an outer surface opposite its inner surface
on which a third shade is configured for use, according
to the above description. A fourth shade is then config-
ured for use with the third glazing pane opposite the outer
surface of the middle glazing pane. The fourth shade is
also configured for use as described above.
[0115] FIGS. 23a and 23b depict an IGU 600 according
to the current invention that includes more than one
shade. In particular, IGU 600 includes six shades 610.
Constructing an IGU 600 with a plurality of shades on
one glazing pane can be particularly useful if the window
is very large or if the window incorporates muntins 619,
for example. The spacer 650 and glazing panes 620 can

be configured as described above. As shown, the indi-
vidual shades 610 may be installed behind the structural
feature of each muntin 619 so that the completely retract-
ed shades 610 are hidden from view from, for example,
the inside of the building.
[0116] FIG. 24 depicts a single shade IGU 700 where
the glazing pane 720 upon which the shade 710 is in-
stalled is curved convexly away from the opposing glaz-
ing pane 720’. Since the shade is held against the glazing
pane 720 by electrostatic force, simple curvature of the
glazing pane can be easily incorporated into use with the
above-described shades. Such structure may be used
for example in automotive or other installations where
there is a need to have at least one of the glazing panes
curved for functional or structural reasons. Because the
shade material is so thin, it will also function on a glazing
that has a compound curvature, such as a spherical, par-
abolic, wave-shaped, or other type of curvature. This has
been established through functional tests where an IGU
incorporating the shade structure was expanded by
means of injecting air into the structure thereby increas-
ing the internal air pressure and distorting the IGU glazing
into a compound convex shade.
[0117] In the case of a compound curvature or nonpla-
nar glazing panes, the spacer may need to be custom
shaped to ensure a seal between the curved glazing
sheet and the other sheet. In that case, the spacer can
be configured according to the contours of the inner sur-
faces of the first and second glazing panes.
[0118] FIG. 25 shows another example of a custom
IGU 800, where in this case, the opposite glazing pane
820’ has a curvature. Of course, both glazing panes 820
and 820’ can have a curvature and a shade could be
installed on each glazing pane. Either or both of the glaz-
ing panes can be nonplanar, and as such, can incorpo-
rate any type of curved or three-dimensional configura-
tion.
[0119] FIGS. 26a and 26b depict an IGU 900 with an-
other multiple shade manifestation in accordance with
the present invention. In this case the shades 910 run
the width of the window, are very short with respect to
the length of the window, and there are many of them
aligned within the framed area of the spacer 950 on the
surfaces of each glazing pane 920 and 920’. FIG. 27
depicts the functionality of such a structure. Certain
shades on glazing pane 920 are extended and a corre-
sponding set of shades on glazing pane 920’ are also
extended such that the combination completely blocks
sunlight from entering the building at a particular angle
of the sun. Assuming that a person positioned inside the
building at the window, wishes to look out of the window
at a different angle, his vision is not blocked. This com-
bination structure therefore operates very much like a
venetian blind. The particular shades to extend and re-
tract can be manually controlled or automated depending
upon the position of the sun in the sky.
[0120] FIG. 28 depicts optical transmission and reflec-
tion spectra for a shade with a certain small amount of
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IR reflecting pigment in its ink coating layer. It can be
seen that the transmission spectrum shows some visible
transmission in the 0.5-0.7 micron wavelength range
(green-red) and very low transmission in the 0.8-1.7 mi-
cron wavelength range (near IR). When this spectrum is
used in Windows 5, the software model that predicts win-
dow energy performance, it yields a Solar Heat Gain Co-
efficient (SHGC) of 0.078 for the IGU, a full three times
lower than the best IGUs incorporating the densest low
e coatings. That means that an IGU incorporating this
shade technology will block three times the solar heat
radiation (with the shade extended) than the current best
IGU and will still allow solar heating in a cold environment
with the shade retracted.
[0121] Although the invention herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
trative of the principles and applications of the present
invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodi-
ments and that other arrangements may be devised with-
out departing from the spirit and scope of the present
invention as defined by the appended claims.

INDUSTRIAL APPLICABILITY

[0122] The present invention enjoys wide industrial ap-
plicability including, but not limited to, insulated glazing
units and methods for using and manufacturing same, a
unit including an electrically controlled internal shade de-
vice that controls the intensity and spectral region of light
passing through it.
[0123] The following numbered examples give further
illustrations of the insulated glazing unit presented above.

Example 1 relates to an insulated glazing unit having
controllable radiation transmittance, said insulated
glazing unit comprising:

a spacer defining a framed area capable of al-
lowing radiation transmission therethrough;
a first glazing pane attached to said spacer;
a second glazing pane attached to said spacer,
said glazing panes arranged such that an inner
surface of said first glazing pane and an inner
surface of said second glazing pane face each
other and are spaced apart from each other;
a pane conductive layer disposed on said inner
surface of said first glazing pane;
a dielectric layer disposed on said pane conduc-
tive layer;
a shade affixed to said first glazing pane, said
shade including a resilient layer and a substan-
tially transparent shade conductive layer,
wherein said shade is adapted to extend along
a length of the framed area from a retracted con-
figuration having a first surface area substantial-
ly permitting radiation transmission through said

framed area to an extended configuration hav-
ing a second surface area substantially control-
ling radiation transmission through said framed
area;
whereby, when an electric drive of voltage or
current is applied between said pane conductive
layer and said substantially transparent shade
conductive layer a potential difference between
said pane conductive layer and said substantial-
ly transparent shade conductive layer causes
said shade to extend from said retracted config-
uration to said extended configuration.

Example 2 relates to the insulated glazing unit ac-
cording to example 1,

wherein the substantially transparent shade
conductive layer has a first side and a second
side opposite the first side, and the resilient layer
has a third side and a fourth side opposite the
third side, the third side facing the second side,
wherein the shade further includes at least one
ink coating layer including pigments that selec-
tively reflect or absorb certain visible colors and
infrared, the at least one ink coating layer includ-
ing an ink coating layer disposed on at least one
of the first, second, third, and fourth sides.

Example 3 relates to the insulated glazing unit ac-
cording to example 1,

wherein the substantially transparent shade
conductive layer has a first side and a second
side opposite the first side, and the resilient layer
has a third side and a fourth side opposite the
third side, the first side facing the fourth side,
wherein the shade further includes at least one
ink coating layer including pigments that selec-
tively reflect or absorb certain visible colors and
infrared, the at least one ink coating layer includ-
ing an ink coating layer disposed on at least one
of the first, second, third, and fourth sides.

Example 4 relates to the insulated glazing unit ac-
cording to example 2, wherein the pigments of the
at least one ink coating layer include pigments that
reflect infrared radiation.

Example 5 relates to the insulated glazing unit ac-
cording to example 2,

wherein the shade further includes a light block-
ing layer having a fifth side and a sixth side op-
posite the fifth side, the light blocking layer dis-
posed between the substantially transparent
shade conductive layer and the resilient layer
such that the fifth side faces the second side and
the sixth side faces the third side,
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wherein the shade further includes at least one
ink coating layer including pigments that selec-
tively reflect or absorb certain visible colors and
infrared, the at least one ink coating layer includ-
ing an ink coating layer disposed on at least one
of the first, second, third, fourth, fifth, and sixth
sides.

Example 6 relates to the insulated glazing unit ac-
cording to example 3,

wherein the shade further includes a light block-
ing layer having a fifth side and a sixth side op-
posite the fifth side, the light blocking layer dis-
posed between the substantially transparent
shade conductive layer and the resilient layer
such that the fifth side faces the fourth side and
the sixth side faces the first side,
wherein the shade further includes at least one
ink coating layer including pigments that selec-
tively reflect or absorb certain visible colors and
infrared, the at least one ink coating layer includ-
ing an ink coating layer disposed on at least one
of the first, second, third, fourth, fifth, and sixth
sides.

Example 7 relates to the insulated glazing unit ac-
cording to example 1, wherein at least one of the first
and second glazing panes is nonplanar.

Example 8 relates to the insulated glazing unit ac-
cording to example 7, wherein the spacer is config-
ured according to the contours of the inner surfaces
of the first and second glazing panes.

Example 9 relates to the insulated glazing unit ac-
cording to example 1, wherein the spacer includes
a moisture-absorbing component for removing mois-
ture from the framed area of the insulated glazing
unit and for preventing moisture from entering the
framed area of the insulated glazing unit.

Example 10 relates to the insulated glazing unit ac-
cording to example 1, further comprising:

a second pane conductive layer disposed on
said inner surface of said second glazing pane;
a second dielectric layer disposed on said sec-
ond pane conductive layer;
a second shade affixed to said second glazing
pane, said second shade including a second re-
silient layer and a second substantially transpar-
ent shade conductive layer,
wherein said second shade is adapted to extend
along a length of the framed area from a second
retracted configuration to a second extended
configuration to control radiation transmission
through said framed area;

whereby, when an electric drive of voltage or
current is applied between said second pane
conductive layer and said second substantially
transparent shade conductive layer a potential
difference between said second pane conduc-
tive layer and said second substantially trans-
parent shade conductive layer causes said sec-
ond shade to extend from said second retracted
configuration to said second extended configu-
ration.

Example 11 relates to the insulated glazing unit ac-
cording to example 10, wherein the pane conductive
layer disposed on said inner surface of said first glaz-
ing pane and the second pane conductive layer dis-
posed on said inner surface of said second glazing
pane have different conductivity properties, different
emissivity properties, or both.

Example 12 relates to the insulated glazing unit ac-
cording to example 11, wherein said second glazing
pane includes an outer surface opposite said inner
surface, the insulated glazing unit further compris-
ing:

a second spacer defining a second framed area
capable of allowing radiation transmission
therethrough, said second spacer attached to
said outer surface of said second glazing pane;
a third glazing pane attached to said second
spacer, said second and third glazing panes ar-
ranged such that an inner surface of said third
glazing pane and said outer surface of said sec-
ond glazing pane face each other and are
spaced apart from each other;
a third pane conductive layer disposed on said
outer surface of said second glazing pane;
a third dielectric layer disposed on said third
pane conductive layer;
a third shade affixed to said second glazing
pane, said third shade including a third resilient
layer and a third substantially transparent shade
conductive layer,
wherein said third shade is adapted to extend
along a length of the second framed area from
a third retracted configuration to a third extended
configuration to control radiation transmission
through said second framed area;
whereby, when an electric drive of voltage or
current is applied between said third pane con-
ductive layer and said third substantially trans-
parent shade conductive layer a potential differ-
ence between said third pane conductive layer
and said third substantially transparent shade
conductive layer causes said third shade to ex-
tend from said third retracted configuration to
said third extended configuration;
a fourth pane conductive layer disposed on said
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inner surface of said third glazing pane;
a fourth dielectric layer disposed on said fourth
pane conductive layer;
a fourth shade affixed to said third glazing pane,
said fourth shade including a fourth resilient lay-
er and a fourth substantially transparent shade
conductive layer,
wherein said fourth shade is adapted to extend
along a length of the second framed area from
a fourth retracted configuration to a fourth ex-
tended configuration to control radiation trans-
mission through said second framed area;
whereby, when an electric drive of voltage or
current is applied between said fourth pane con-
ductive layer and said fourth substantially trans-
parent shade conductive layer a potential differ-
ence between said fourth pane conductive layer
and said fourth substantially transparent shade
conductive layer causes said fourth shade to ex-
tend from said fourth retracted configuration to
said fourth extended configuration.

Example 13 relates to the insulated glazing unit ac-
cording to example 1, wherein one or more of said
pane conductive layer and said dielectric layer is a
low e coating.

Example 14 relates to the insulated glazing unit ac-
cording to example 1, wherein said resilient layer of
said shade is a shrinkable polymer.

Example 15 relates to the insulated glazing unit ac-
cording to example 14, wherein said shrinkable pol-
ymer is selected from the group consisting of poly-
ethylenenapthalate (PEN), polyethyleneterephtha-
late (PET), polyphenylene sulfide (PPS), and poly-
ether ether ketone (PEEK).

Example 16 relates to the insulated glazing unit ac-
cording to example 1, wherein said resilient layer of
said shade has a thickness of about 1 to 25 mm.

Example 17 relates to the insulated glazing unit ac-
cording to example 1, wherein said dielectric layer
is a low dissipation factor polymer.

Example 18 relates to the insulated glazing unit ac-
cording to example 17, wherein said low dissipation
factor polymer is selected from the group consisting
of polypropylene, fluorinated ethylene propylene
(FEP), polytetrafluoroethylene (PTFE), polyethyl-
eneterephthalate (PET), polyimide (PI), and polyeth-
ylenenapthalate (PEN).

Example 19 relates to the insulated glazing unit ac-
cording to example 1, wherein said dielectric layer
has a thickness of about 4 to 25 mm.

Example 20 relates to the insulated glazing unit ac-
cording to example 1, wherein said pane conductive
layer is a substantially transparent conductor com-
prised of a metal oxide, a thin metal layer, or a low
e coating.

Example 21 relates to the insulated glazing unit ac-
cording to example 1, wherein said pane conductive
layer has a thickness of about 100 to 5000 Å.

Example 22 relates to the insulated glazing unit ac-
cording to example 1, wherein said insulated glazing
unit is sized for use in a construct selected from the
group consisting of a window, a door, a skylight, an
automotive moonroof, an automotive sunroof, an air-
craft canopy, a ground vehicle, a sea vehicle, and
an aircraft window.

Example 23 relates to the insulated glazing unit ac-
cording to example 1, further comprising:

a second shade affixed to said first glazing pane,
said second shade including a second resilient
layer and a second substantially transparent
shade conductive layer,
wherein said second shade is adapted to extend
along at least a portion of the length of the
framed area from a second retracted configura-
tion covering a second portion of the framed ar-
ea to a second extended configuration covering
a greater second portion of the framed area to
control radiation transmission through said
framed area;
whereby, when an electric drive of voltage or
current is applied between said pane conductive
layer and said second substantially transparent
shade conductive layer a potential difference
between said pane conductive layer and said
second substantially transparent shade conduc-
tive layer causes said second shade to extend
from said second retracted configuration to said
second extended configuration.

Example 24 relates to the insulated glazing unit ac-
cording to example 23, wherein said first shade and
said second shade have different widths.

Example 25 relates to the insulated glazing unit ac-
cording to example 23, wherein said first shade and
said second shade have different lengths.

Example 26 relates to the insulated glazing unit ac-
cording to example 23, wherein said first shade and
said second shade each have at least one border
which is non-linear and said framed area includes a
curved periphery, at least a portion of said first shade
and a portion of said second shade matching at least
a portion of said curved periphery of said insulating
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glazing unit.

Example 27 relates to the insulated glazing unit ac-
cording to example 23, wherein said first shade has
at least one border which is non-linear.

Example 28 relates to the insulated glazing unit ac-
cording to example 27, wherein said framed area
includes a curved periphery.

Example 29 relates to the insulated glazing unit ac-
cording to example 28, wherein at least a portion of
said first shade has a periphery which matches at
least a portion of said curved periphery of said insu-
lating glazing unit.

Example 30 relates to the insulated glazing unit ac-
cording to example 23, further comprising:

a second pane conductive layer disposed on
said inner surface of said second glazing pane;
a second dielectric layer disposed on said sec-
ond pane conductive layer;
a third shade affixed to said second glazing
pane, said third shade including a third resilient
layer and a third substantially transparent shade
conductive layer,
wherein said third shade is adapted to extend
along at least a portion of a length of the framed
area from a third retracted configuration to a third
extended configuration to control radiation
transmission through said framed area;
whereby, when an electric drive of voltage or
current is applied between said second pane
conductive layer and said third substantially
transparent shade conductive layer a potential
difference between said second pane conduc-
tive layer and said third substantially transparent
shade conductive layer causes said third shade
to extend from said third retracted configuration
to said third extended configuration;
a fourth shade affixed to said second glazing
pane, said fourth shade including a fourth resil-
ient layer and a fourth substantially transparent
shade conductive layer,
wherein said fourth shade is adapted to extend
along at least a portion of the length of the
framed area from a fourth retracted configura-
tion to a fourth extended configuration to control
radiation transmission through said framed ar-
ea;
whereby, when an electric drive of voltage or
current is applied between said second pane
conductive layer and said fourth substantially
transparent shade conductive layer a potential
difference between said second pane conduc-
tive layer and said fourth substantially transpar-
ent shade conductive layer causes said fourth

shade to extend from said fourth retracted con-
figuration to said fourth extended configuration.

Example 31 relates to the insulated glazing unit ac-
cording to example 1, further comprising an internal
channel including a hollow portion that is substan-
tially filled with a moisture-absorbing component,
and a capillary tube having first and second ends
and configured to extend into the hollow portion sub-
stantially filled with the moisture-absorbing compo-
nent, the first end in communication with the exterior
of the insulated glazing unit, and the second end in
communication with the framed area.

Example 32 relates to the insulated glazing unit ac-
cording to example 31, wherein a portion of the spac-
er at which the second end of the capillary tube com-
municates with the framed area is sealed with a sem-
ipermeable membrane.

Example 33 relates to the insulated glazing unit ac-
cording to example 32, wherein the semipermeable
membrane is comprised of expanded polytetrafluor-
oethylene (ePTFE).

Example 34 relates to the insulated glazing unit ac-
cording to example 1, wherein an adhesive is dis-
posed between the first glazing pane and the pane
conductive layer or between the pane conductive
layer and said dielectric layer.

Example 35 relates to the insulated glazing unit ac-
cording to example 1, further comprising:

a second pane conductive layer disposed on
said inner surface of said second glazing pane;
a second dielectric layer disposed on said sec-
ond pane conductive layer;
a second shade affixed to said second glazing
pane, said second shade including a second re-
silient layer and a light blocking layer,
wherein said second shade is adapted to extend
along a length of the framed area from a second
retracted configuration to a second extended
configuration to control radiation transmission
through said framed area.

Example 36 relates to the insulated glazing unit ac-
cording to example 1, wherein said shade has a width
extending substantially across a width of the framed
area.

Example 37 relates to the insulated glazing unit ac-
cording to example 1, wherein said shade has a
length extending substantially across a length of the
framed area.

Example 38 relates to the insulated glazing unit ac-
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cording to example 1, wherein an outer edge of said
shade is attached to said dielectric layer atop a lo-
cation near an edge of said first glazing pane, and
said insulated glazing unit includes a locking restraint
on said first glazing pane so that when said shade
extends such that said shade contacts said locking
restraint, said locking restraint prevents said shade
from extending fully.

Example 39 relates to the insulated glazing unit ac-
cording to example 38, wherein the locking restraint
includes a hollow portion that is substantially filled
with a moisture-absorbing component, the insulated
glazing unit further comprising a capillary tube hav-
ing first and second ends and configured to extend
through the moisture-absorbing component in the
locking restraint, the first end in communication with
the exterior of the insulated glazing unit, and the sec-
ond end in communication with the framed area.

Example 40 relates to the insulated glazing unit ac-
cording to example 1, wherein at least one of the first
and second glazing panes is tinted.

Example 41 relates to the insulated glazing unit ac-
cording to example 1, wherein the shade conductive
layer is comprised of a material having a resistivity
between about 50 and 200 ohm per square.

Example 42 relates to the insulated glazing unit ac-
cording to example 1, further comprising a controller
including a power source connectable to said pane
conductive layer and said shade conductive layer,
said controller further including a switch operable to
apply and remove the electric drive between said
pane conductive layer and said shade conductive
layer.

Example 43 relates to the insulated glazing unit ac-
cording to example 42, wherein the switch is manu-
ally operable.

Example 44 relates to the insulated glazing unit ac-
cording to example 42, wherein the controller further
includes a microprocessor programmed to operate
the switch.

Example 45 relates to the insulated glazing unit ac-
cording to example 44, wherein the microprocessor
includes at least one sensor operable to sense one
or more of temperature and radiation intensity and
being programmed to operate the switch based on
the sensed temperature, the sensed radiation inten-
sity, or both.

Example 46 relates to the insulated glazing unit ac-
cording to example 42, wherein the controller further
comprises a means for converting input electrical en-

ergy to an appropriate drive level and providing the
charge needed to extend the shade.

Example 47 relates to the insulated glazing unit ac-
cording to example 42, wherein the controller further
comprises a microcontroller unit that provides algo-
rithms with which to control various shade function-
alities.

Example 48 relates to the insulated glazing unit ac-
cording to example 42, wherein the controller further
comprises a means for providing level shifting be-
tween a signal level and a drive level.

Example 49 relates to the insulated glazing unit ac-
cording to example 42, wherein the controller further
comprises a means for providing polarity control for
drive signals.

Example 50 relates to the insulated glazing unit ac-
cording to example 42, wherein the controller further
comprises a means for providing sensing and control
of at least one of an exact position, speed, and mo-
tion of the shade.

Example 51 relates to the insulated glazing unit ac-
cording to example 1, wherein at least one of the first
and second glazing panes is comprised of glass or
plastic.

Example 52 relates to the insulated glazing unit ac-
cording to example 51, wherein the glass is temper-
ed glass.

Example 53 relates to a controllable radiation trans-
mittance structure, comprising an insulated glazing
unit according to example 1 and a supporting struc-
ture.

Example 54 relates to the controllable radiation
transmittance structure according to example 53,
wherein one of said first glazing pane and said sec-
ond glazing pane is an outside window pane suitable
for outdoor use, and the other of said first glazing
pane and said second glazing pane is an inner win-
dow pane.

Example 55 relates to a controllable radiation trans-
mittance structure, comprising: a plurality of insulat-
ed glazing units each according to example 1, and
a common switch operable to apply and remove
electric drive between said pane conductive layer
and said shade conductive layer in each of said plu-
rality of insulated glazing units.

Example 56 relates to a controllable radiation trans-
mittance structure, comprising: a plurality of insulat-
ed glazing units each according to example 1, and
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a plurality of dedicated switches each operable to
apply and remove electric drive between said pane
conductive layer and said shade conductive layer in
one of said plurality of insulated glazing units.

Example 57 relates to a ground vehicle glazing unit,
comprising at least one insulated glazing unit having
controllable radiation transmittance according to ex-
ample 1.

Example 58 relates to a sea vehicle glazing unit,
comprising at least one insulated glazing unit having
controllable radiation transmittance according to ex-
ample 1.

Example 59 relates to an aircraft glazing unit, com-
prising at least one insulated glazing unit having con-
trollable radiation transmittance according to exam-
ple 1.

Example 60 relates to a door, comprising: at least
one insulated glazing unit according to example 1.

Example 61 relates to a controllable radiation trans-
mittance door comprising: a support structure, and
an insulated glazing unit according to example 1 sup-
ported by said support structure.

Example 62 relates to a controllable radiation trans-
mittance skylight comprising: a support structure,
and an insulated glazing unit according to example
1 supported by said support structure.

Example 63 relates to a controllable radiation trans-
mittance automotive moon roof comprising: a sup-
port structure, and an insulated glazing unit accord-
ing to example 1 supported by said support structure.

Example 64 relates to a controllable radiation trans-
mittance aircraft canopy comprising: a support struc-
ture, and an insulated glazing unit according to ex-
ample 1 supported by said support structure.

Example 65 relates to an insulated glazing unit hav-
ing controllable radiation transmittance, said insulat-
ed glazing unit comprising:

a spacer defining a framed area capable of al-
lowing radiation transmission therethrough;
a first glazing pane attached to said spacer;
a second glazing pane attached to said spacer,
said glazing panes arranged such that an inner
surface of said first glazing pane and an inner
surface of said second glazing pane face each
other and are spaced apart from each other;
a pane conductive layer disposed on said inner
surface of said first glazing pane;
a dielectric layer disposed on said pane conduc-

tive layer;
a shade affixed to said first glazing pane, said
shade including a resilient layer and an opaque
shade conductive layer,
wherein said shade is adapted to extend along
a length of the framed area from a retracted con-
figuration having a first surface area substantial-
ly permitting radiation transmission through said
framed area to an extended configuration hav-
ing a second surface area substantially control-
ling radiation transmission through said framed
area;
whereby, when an electric drive of voltage or
current is applied between said pane conductive
layer and said opaque shade conductive layer
a potential difference between said pane con-
ductive layer and said opaque shade conductive
layer causes said shade to extend from said re-
tracted configuration to said extended configu-
ration.

Example 66 relates to the insulated glazing unit ac-
cording to example 65,

wherein the opaque shade conductive layer has
a first side and a second side opposite the first
side, and the resilient layer has a third side and
a fourth side opposite the third side, the third
side facing the second side,
wherein the shade further includes at least one
ink coating layer including pigments that selec-
tively reflect or absorb certain visible colors and
infrared, the at least one ink coating layer includ-
ing an ink coating layer disposed on at least one
of the first, second, third, and fourth sides.

Example 67 relates to the insulated glazing unit ac-
cording to example 65,

wherein the opaque shade conductive layer has
a first side and a second side opposite the first
side, and the resilient layer has a third side and
a fourth side opposite the third side, the first side
facing the fourth side,
wherein the shade further includes at least one
ink coating layer including pigments that selec-
tively reflect or absorb certain visible colors and
infrared, the at least one ink coating layer includ-
ing an ink coating layer disposed on at least one
of the first, second, third, and fourth sides.

Example 68 relates to the insulated glazing unit ac-
cording to example 65, wherein one or more of said
pane conductive layer and said dielectric layer is a
low e coating.

Example 69 relates to the insulated glazing unit ac-
cording to example 65, wherein said pane conduc-
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tive layer is a substantially transparent conductor
comprised of a metal oxide, a thin metal layer, or a
low e coating.

Example 70 relates to a shade for use with an insu-
lated glazing unit having controllable radiation trans-
mittance, said insulated glazing unit including a
spacer defining a framed area capable of allowing
radiation transmission therethrough, a first glazing
pane attached to said spacer, a second glazing pane
attached to said spacer, said glazing panes arranged
such that an inner surface of said first glazing pane
and an inner surface of said second glazing pane
face each other and are spaced apart from each oth-
er, a pane conductive layer disposed on said inner
surface of said first glazing pane, and a dielectric
layer disposed on said pane conductive layer, said
shade comprising:

a resilient layer and a substantially transparent
shade conductive layer, the shade being affixed
to said first glazing pane,
wherein said shade is adapted to extend along
a length of the framed area from a retracted con-
figuration having a first surface area substantial-
ly permitting radiation transmission through said
framed area to an extended configuration hav-
ing a second surface area substantially control-
ling radiation transmission through said framed
area;
whereby, when an electric drive of voltage or
current is applied between said pane conductive
layer and said substantially transparent shade
conductive layer a potential difference between
said pane conductive layer and said substantial-
ly transparent shade conductive layer causes
said shade to extend from said retracted config-
uration to said extended configuration.

Claims

1. An insulated glazing unit (100) having controllable
radiation transmittance, said insulated glazing unit
(100) comprising:

a spacer (150) defining a framed area capable
of allowing radiation transmission therethrough;
a first glazing pane (320) attached to said spacer
(150) ;
a second glazing pane (320) attached to said
spacer (150), said glazing panes (320) arranged
such that an inner surface of said first glazing
pane (320) and an inner surface of said second
glazing pane (320) face each other and are
spaced apart from each other;
a pane conductive layer (322) disposed on said
inner surface of said first glazing pane (320);

a dielectric layer (324) disposed on said pane
conductive layer (322);
a shade (310) affixed to said first glazing pane
(320), said shade (310) including a resilient layer
(316) and a shade conductive layer (318),
wherein said shade (310) is adapted to extend
along a length of the framed area from a retract-
ed configuration having a first surface area sub-
stantially permitting radiation transmission
through said framed area to an extended con-
figuration having a second surface area sub-
stantially controlling radiation transmission
through said framed area; and
a controller (130) operable to apply and remove
an electric drive of voltage or current between
said pane conductive layer (322) and said shade
conductive layer (318),
whereby, when an electric drive of voltage or
current is applied between said pane conductive
layer (322) and said shade conductive layer
(318) a potential difference between said pane
conductive layer (322) and said shade conduc-
tive layer (318) causes said shade (310) to ex-
tend from said retracted configuration to said ex-
tended configuration,
wherein the shade conductive layer (318) is sub-
stantially transparent.

2. An insulated glazing unit according to claim 1, where-
in an outer edge of said shade (310) is attached to
said dielectric layer (324) atop a location near an
edge of said first glazing pane (320), and said insu-
lated glazing unit includes a locking restraint (114)
on said first glazing pane (320) so that when said
shade (310) extends such that said shade (310) con-
tacts said locking restraint (114), said locking re-
straint (114) prevents said shade (310) from extend-
ing fully.

3. An insulated glazing unit according to claim 2, where-
in the locking restraint (114) includes a hollow portion
(505) that is substantially filled with a moisture-ab-
sorbing component, the insulated glazing unit (100)
further comprising a capillary tube (503) having first
and second ends (503a, 503b) and configured to ex-
tend into the hollow portion (505) substantially filled
with the moisture-absorbing component, the first end
(503a) in communication with the exterior of the in-
sulated glazing unit (100), and the second end
(503b) in communication with the framed area.

4. An insulated glazing unit according to claim 1, where-
in said controller (130) includes a power source con-
nectable to said pane conductive layer (322) and
said shade conductive layer (318), said controller
(130) further including a switch operable to apply and
remove the electric drive between said pane con-
ductive layer (322) and said shade conductive layer
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(318) .

5. An insulated glazing unit according to claim 4, where-
in the controller (130) further includes a microproc-
essor programmed to operate the switch.

6. An insulated glazing unit according to claim 5, where-
in the microprocessor includes at least one sensor
operable to sense one or more of temperature and
radiation intensity and being programmed to operate
the switch based on the sensed temperature, the
sensed radiation intensity, or both.

7. An insulated glazing unit according to claim 4, where-
in the controller (130) further comprises a microcon-
troller unit that provides algorithms with which to con-
trol various shade functionalities.

8. An insulated glazing unit according to claim 4, where-
in the controller (130) further comprises a means for
providing sensing and control of at least one of an
exact position, speed, and motion of the shade (310).

9. An insulated glazing unit according to claim 4, where-
in the controller (130) further comprises a means for
converting input electrical energy to an appropriate
drive level and providing the charge needed to ex-
tend the shade (310).

10. An insulated glazing unit according to claim 4, where-
in the controller (130) further comprises a means for
providing polarity control for drive signals.

11. An insulated glazing unit according to claim 1, where-
in at least one of the first and second glazing panes
(320) is comprised of glass or plastic.

12. An insulated glazing unit according to claim 11,
wherein the glass is tempered glass.

13. An insulated glazing unit according to claim 1, where-
in the controller (130) is configured to be remotely
controlled.

14. An insulated glazing unit according to claim 1, where-
in the pane conductive layer (322) is a coating on a
side of the dielectric layer (324).

15. An insulated glazing unit according to claim 1, where-
in the pane conductive layer (322) is a coating on
said inner surface of said first glazing pane (320).
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