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CONTROL SYSTEM FOR ELECTROCHROMIC DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benesfit of the
filing date of J. 8. Provisional Patent Application
No. &1/435,39%1, filed January 24, 2011, entitied Control
System For Electrochromic Device, the disclosure of which is

hereby incorpcorated herein by reference.

[0001AT The disclosure in this application relates proadly

te electrochromic systems.

DEFINITION
(00018} in the specification the term “comprising” shall be
undesrstood te have a broad eaning  similar to the iterm
“including” and will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exciusion of any other integer or step or group of
integers or steps. This definition also applies to variations
on the term “comprising” sucihr as “comprise” and “comprises”.
BACKGROUND OF THE DISCLOSURE
{80021 Electrochromic glazings include electrochromic
materiails that are known to change their optical properties,
such as coloration, in response to the application of an
electrical potential, thereby making the device more or less
transparent or more or less reflective, Typlcal pricr art
electrochromic devices include a ccounter electrode iayer, an
electrochromic material layer which is deposited subkstantially
parallel to the counter electrode laver, and an icnically
nductive layer separating the counter electrode layer fron

the electrochromic layer respectively. In additicn, two

—

transparent conductive ers are substantially paraliel to
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and in contact with the counter electrode laver and the
electrochromic lavyer. Materials for wmaking the counter
electrode layer, the electrcacchromic material layer, the

3

ionically conductive layer and the conductive layers are known
and described,; for example, in United States Fatent
Publication No. 2008/0169185, incorporated by reference
herelin, and desirably are substantially transparent oxides or
nitrides. Wrnen an electrical potential is applied across the
lavered structure of the electrochromic device, such asz by
connecting the respective conductive lavers to a low voltage
elsctrical source, idlons, such as Li+ d1ons stored in  the
counter electrode layer, flow from the counter electrode
layer, through the Lon conductor layer and tc the
electrochromic layer. in addition, electrons flow from the
couniter electrode layer, arcund an external circuit including
a low voltage electrical source, to the electrochromic layver
s0 as to malntailn charge neutrality in the counter electrode
layer and the electrochromic layer. The transfer of ions and
electrons to the electrochromic layer causes The optical
characteristics of the electrochromic layer, and optionally
the counter electrode layer in a complementary EC device, to
change, thereby c¢hanging the c¢oloration andg, thus, the
transparency of the electrcechromic device.

{0003] When installing electrochromic glazings, installing
wires for power and control through the bullding's window
framing system and the building's structural systems/supports
can ke difficult and costly. A well-designed wireless
controller coupled with photovoltaic cells can dramaticalily
reduce the cost and complexzity of installation, easpecially for
architectural retrofit applications. The combination of
rhotovoltailcs and electrcchromics provides excellent
synergies, with tinting generally required only in davlight,
and greater tinting with greater sclar energy. Designing such

a praduct for ease of wmanufacture and installation presents
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many challenges, given the diversity of framing systems and
stringent agsthetic regulrements of architects. To complicate
should be replaceable without replacing
or deglazing the unit and, 1f & battery iz used, it alsc needs

o e

zbie,

fO003A] The reference Lo prior art in the background above
is not and sghould not ke taken as an acknowledoment or any
form of suggestion that the referenced prior art forms part of

the common general knowledge in Australia or 1in any other

country.

BRIEE SUMMARY CF THE DISCLOSURE
[0004] In one aspect of the disclosure is a a device for
moduiating the transmission of light frem 2 1light source,
comprising an electrochrcemic glazing ("EC glazing™) having
iight transmissivity that is variable in rassponse to an
electrical current; at least one photovoltaic mnmodule for
croviding the electrical current in response to light from the
light source incident on the photovelitaic wmodule; and an
electronics module 1n communication with the photovoltalc
moduie and the electrochromic glazing., In zome embodiments,

the electronics module 1in wireless communication with a

.

,1

uilding automation system. In other enbodiments, the

¢

'

photovelitaic module 1s mounted adijacent to the electrochromic
glazing on an exterior bhullding frame-work. In vet other
enbodiments, the photovoltaic mwodule and/or the electronics
module are integrated into  the electrochromic glazing
assembly. In yet othesr embacdiments, the photovoltaic module
("PV module”™; is combined with the electronics module. In vyet

cther embodiments,

ther comprises a battery.

L0005] in ancther aspsct of the disclicesure is a device for

nocdulating the transmission of light from a2 light scurce,
comprising an electrochromic glazing having Light
transmissivity that iz variable in response to an electrical

current; at least one photeveoltaic module electrically
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connected to the electrochromic glazing for providing the
electrical current to the electrochromic glazing in response
to light from the light scurce incident on the photovoeltaic
moduie; and an electronics module in communication with either

of the photovoltaic module or the electrochromic glazing. In

w

another embodiment, the electronics module i3 Iin wireles

communication with a buillding automation system. In ancther

5 N

embodiment, photovolitalc module 13 mounted adjacent to th

¢

electrochromic glazing on an intericr or exterior ouilding
frame~work, In another embcdiment, photoveltaic module is
meunted to an interior or exterior irfa of the
electrochroemic c¢lazing or within an inszulated glazing unit.

In scome embodiments, the yhotovoltaic nodule cowmprises a
photovoelitale material which may be an interior or exteriox
layer in &  glass  laminate, In  another embodiment,
electrochromic glazing i1s a laminate of at least twe glass
panes and wherein the photovoltaic module 1s mounted petwesen
the laminate glass panes. In another embodiment, =lectronics
module is mounted to an intericr or exterior surface of the
electrochromic glazing or within an insulated glazing unit.
In another embodiment, electronics module is mounted adiacent

ricr

to  the electrochromic glazing on an interiocr or ext

v

building frame-work.

[O006] In another embodiment, photoveltaic module and the
electronicsg wmodule are mounted at different locations. In
another embodiment, photovoltaic nmodule 1is  located on  an
exterior surface, and the electronics module is located inside
oxr protruding into a framing systemn, and wherein the
eiactronics medule 18 in wireless communication with a
bullding automation system. in anothexr embodiment,
ghotovoltaic module is located on an exteriocr surface, and the
electronics module is located in an interior frame-work, and
whaerein the elecironics mocdule 1is 1in wireless communication

with a building automation systen. In another enbodiment,

w/; ~
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2lectronics medule further comprisez a battery. In ancther
smbodiment, photovoltaic module 1s located on an interior
insulated glazing surface, and the electronics mnmodule is
located in an interior frame-work, wherein the electronics
modnle is in wireless communication with a building automation
system, and wherein the elsctronics module furithe comprises a
hatiery. In another embodiment, photovoltaic medule is
located within an electrochromic glass laminate.

fO007] In another enbodiment, photovoltalc wmodule and the
electronics module are combined into a2 single unit. In
another embodimsant, compined  photovoltaic and electronics
module have a thickness less than about 10mm.

{00087 In another embodiment, electronics module responds

such that the eslectrochromic glazing tints

5

proporticonally to availlable sunlight. in another

or oolors
enbodinent, electronics modules comprises controcl logic means.
In another embcediment, control loglc means monitors avallabl
energy from the photovoltaic module

[0008] In another embodiment, the device further comprises

& bhattery. In another emhodiment, the electrochromic glazing

P

-

cxr 16U contains

= nr
3 fod ]

vacy or anti-glare coating. Iin some

empbodiments, the IGU comprises two EC glazings.

{0010} inn another embodiment, photovolialc module and the
electronica module are combined and mounted adiscent to the

electrochromic glazing on a bullding frame-work, In another

embodiment, elilectronics module is in wireless communication

with a bullding automation system.

{0011} In ancther empodiment, electronics medule comprises

a ghotoveltale module and a resistor wired in parallel with an

electrochromic glazing wiring.

00123 in ancther enbodiment, photovolitaic module is

connected to  the electronics module through an electrical

feed-through. In ancther embodiment, photovoltaic module is
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i}

coupled to the elscuronics wodule via a wireless energy

3!

{0013} In another aspect of the present disclosure 1is a

device for modulating the transmission of light from a light

ou

4]
5

ce, comprising an electrochromic qglazing having light
transmissivity that 1z wvariable in response te an electrical
current; at  least one photovoltaic nodule  electrically
connacted to the electrochrvomic glazing for providing the
alectrical current to the electrochromic glazing in response
to light from the light scurce incident on the photovoltaic
module; and an electronics module in communication with either
of the vphotoveltaic module cor the =2lectrochromic glazing,
wherein the =lectronics wmodule is in wireless cormunication
with a buillding automation system or other interface/control
zystem.
[0014} In anothear embadiment, vhotovoltaic meduls  is
nounted adjacent to the electrechromic glazing on an interiox
or exterior building frame-work. In ancother embodiment,
photovoltaic module 1s wmounted to an interior or exteriox
surface of the electrochromic glazing or within an insulabted

-

lazing unit. In another embodiment, electrochromic glazing

e
J
r—t

13 a laminate of at least two glass panes and wherein the
photoveltaic module 1s mounte bhetwesen the laminate glass
panes. In ancther embodiment,; electronics module 1is mounted
to  an  interiocr or exterior surface of the electrochromic
glazing or within an insulated glazing unit. In another

A ) \ - ‘

embodiment., electroenics module 1is mounted adijacent to the

eiectrochromic glazing on an interior or exterior building

frame-work.
f0015] In ancther embodimeny, photovoltaic module and the

electronics medule are mounted at iocations. o]

(—4'
<,
H
= th
0]
n
V]
3
ot

another embediment, photoveltaic module 1s  iocatad on  an
extericr surface, and the electronics modul ig located inside

or  protruding  into a framing sgystem, and  wherein ithe

o
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ciectronics module is  in wireless communication with a
pullding auvtomation systen. in ancther embodimant,
photoveltaic module is located on an exteriory surface, and the
electronics module is located in an interior frame-work, and
wherelin the electronics module is in wireless communication

with a

automation gsystem. In another embcediment,

electronics module further comprises a battery. In another
emhodiment, ghotovoltaic module is located on an interior
insuliated glazing surface, and the electronics module is
located in an interior frame-work, wherein the electronics
moduis iz in wireless communication with a ouilding autcomation

system, and wherein the

1Y

lectronics module further comprises a
battery. In  another embodiment, photovoltaic module s
located within an electrochromic glass laminate.

[GOL16] In another embodiment, photovoltaic medule and the
electronics wdule are combined inte a single unit. In
another embodiment, combined photoveltaic and electronics
module have a thickness less than about 10mm.

{0017} In another embodiment, electronics module responds
to solar intensity such that the electrochromic glazing tints
cr colors proportionally to available sunlight. In another
embodiment, electronics nmodules comprises control loglc means.
In another empodiment, control logic means monitors available

energy from the ghotovoltalic module.

fod18] Iin anoither embodiment, the vice fux

.
fL

“har comprises
a battervy.

[0G1%] In another embodinent, photovoltaic module and the
electronics moduis are combined and mounted adjacent to the
electrochromic glazing on a puliding frame-work. In another
embadiment, electreonics module 1s 1in wireless communication
with a building automation systen.

[G020] . anothesr embodiment, electronics module comprises
a photovoltaic module and a resistor wired in parallel with an

electrochromic glazing wiring.
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{00211 in another embodiment, photovoltala module is
connected to the electronics module through

feed~through. In another embodiment, photovolta:

coupled to the eslectronics medule via a wireld

transfer means.

[0022] In ancther aspect of the present disclosure, ls a
maethod of constructing a device for modulating the
transmiassion of light from =z Jlight source, <comprising an
electrochromic glazing having light transmissivity that is
variable in response to an electrical current; at least cone
photovoltaic nocule electrically connected te the
electrochromic glazing for providing the electrical current to
the electrochromic glazing in response te light from the light
source incident on the photovoltaic module:; and an electronics
module in communication with either of the photoveltaic module
or the electrochromic glazing, wherein the electronics module

18 in optional wireless communication  with

i
~
s
=
—
i
S._.!
o}
s
9]

automation systen.

BRIEE DESCRIPTION CF THE FIGURES

{0023} FI5., 1 shows an electronics medule, comprising &
chotovoltaic module and a resister, wired in paraliel with an
electrochromic glazing.

f00247 FIG. 2 1liuztrates <the conmunicaticn between a

fon]

photovoltaic module, an electronics medule, ang an
electrochromic glazing.

F0025] PG, 3 provides a flowchart showing the operational
control oy logic of an embodiment of an electronics module.
(00281 FIG. 4 illustrates the integration Dbetween a
ghotovoltalc module, an electronics nadule, and arn
electrochromic device.

[0027] FIGS. Sa-5d vprovide coenfigurations of a control
svstem having a photovoltaic moduls, and electronics medule,

and an electrochromic glazing.
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[oo28l FIG., 6 provides a configuration of a controel system
having a photovoltaic module, and electronics module, and an
electrochromic glazing.

[0028] FIGS. T7a-T7e provide oconfi control

)

Ny
v

& "‘L&”[\ Is¥;

)4
;,.,
a
»

ing a photoveoltaic module; module,
and an electrochromic glawing.

[0030] FIGE. Ba-8f provide configuraticns of a control
system having a photovoltalc medule, and electronics module,
and an electrochiromic glazing.

(60311 TIGS. 9%3-9b provide configurations of a control
syvetem having a ghotoveltaic module, and electronics wmadule,

and an electrochromic glazing.

DETATLED DESCRIF

{0032} The present diszclosure lg directed to electrochromic

systems compriszsing an electrochromic glazing <«

(94

¥  insulated
glazing unit (hereinafter "IGU™), a photovoltaic {hereinafter

TPVTY) module for supplying power to the electrochromic glazing
t

~
(e

IGU, and an electronics module in communication with either

ﬂ
P..}
¢}
3
Q
>

o
[,...;
]

the electrochromic glazing unit and/cr photovol
{00337 fnsulated glawzing units, as that term  is  used

herein, mneans itwoe or more lavers of glass separated by a
spacer along the edge and sealed to create a dead alr (or
cther gas, e.g., argon, nitrogen, krypton) space betwaen the
layers. The termzs "electrochromic glazing®™ or "IGU"™ are used
interchangsacly herein. The electrochromic glazing may have 2
iaminate structure {sees copending U.S. applications 13/040,787
and 13/178,065 the disclosures of  which are  hereby
incorporated by reference herein in thelr entirety).

[0034] The electrochromic glazing and/or IGU are tygically

used for architectural purposes, e.g. architectural windows in

B T

cuildings. As such, the electrochromic glazings or IGUs are

a window pane or other tyvpe of uilding
Crame-work {(collectively referrzed to herein as "frame-work" or

"muilding frame-work"). As those skillied in the art will
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recognize, the building frame-work often includes a frame cap
on the exterior of the frame. A frams cap is, generally, an
aesthetic extrusion which is mounted onte the frame near the
end of the assembily process, and which c¢an be removed later.
This technology could  be adapted for use in other
applications, such as 1in the transportation industry, e.g.,
for use in vehicles.

[0035] The photovelitaic module{s) could bhe located in any
place deemed appropriate by those skilled in the art. In zome
ermbodiments, the photovoltaic modules are located externally
on or around bullding frame-work. ‘n other embodiments, the

photavmltaic moditles are located directly on the

(D

i
’ \
(‘f‘
4
e

yehromlic glezing or  [GU  surface, typically at  the
bettom, 1f the glass is vertical in crder to ninimize shading.
If the electrochromic glazing iz a laminate structure, the

photovoltaic module (s} may be laminated between the glass
panes. This 1s a comnon construction method for photovolitaic
panels. Those skillied in the art will be able to inclilude as
many photovoliaic oells within the photoveitaic neooule as
necessary to appropriately power the electrochromic glazing
and/or the electronics moduie. Typilcally, these will comprise

pDetweenn about 2% and ab

SIEX
efficiencies of about 15% to about 20%. COTHOT
cticn  for these photovoltalic moedules is a glass

laminate. Alternative modules such as those made by SunWize
f L

o

of San Joze, CA, are constructed by mounting solar cells on
fiberglass substrate and encapsulating in gpolyurethane,
resulting in a thin, light, but rugged module.

{0038} The photovoltaic module and cptional battery will be
sized according to agpplication and environment details. For
2xample, a south~facing 15 €472 16U in Golden, 2C, expected to
only respond auvtomatically to daylight might only require a 3W

v

{peak} sclar panel and & Wh lithium-ion battery, whereas an

east~facing 15 ft72 IGU in Bosie, ID expected to be manually

~ 1 (-
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tinted for glare 10% of the day wmight need a 4.5W solar panel

{00371 Additional features of phetovoltaic modules, their
us2 1in compination with alectrochromic glazings or I6Us, and
cetions for their positioning in relation to an electrochronic
gilazing or IGU  are described in  United States Patent
No. 6,055,088, the disclosure of which is hereby incorporated
by reference herein in i1ts entirety.

{00387 In some embodiments, the photovoltalic wmodulse and

electreonics medules are combined, in whole or in part, into a

-

single package or module. For example, the electronics module
can be lncorporated behind the cells in a PV module. This
onbined module could be located on the building frame-work,

the interior or exterior surfaces of the glazing, or even

within an electrochromic IGU.

0038} The electronics moduale, when separate from the

photovoelitaic module, can he located in the inner or outer

portions of any bullding frame-work as descriked further

herein. In cother embodiments, the elecitronics module could ke

located on the backside of the IGU itself.
[0040] Those skilled in the art will be able to design an
appropriate electronics  module combining those  features

typically assoc ed with solar-powered electronics and

,,.e

electrochromic devices. Typical components known to those of
skill in the art include (i) microprocessor control, typically
using an embedded 8- or 16-bit microcontroller such as those
made by MicroChip or Cypress Semiconductor; (ii) linear or
switching voltage regulators to provide variable voltage to
the electrochromic glazing: {iii}) wireless communicaticon
modules; {iv) liinear or switching voltage regulators to
convert chotovoltaic voltage O clrouitn requirements;
(v) battery charge/discharge contrcl components; and
(vi} batteries or super-capacitors to permit faster switching

in iow light. Any of thess features may be used alone or in
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combination to gproduce an appropriate electronics module. In

3

gome embhodiments, the microprocessor manages all functions of
voltage conversion, batltery control, and communications {wires
or wireless). In  some embodiments, the wireless moduls
incliuces a transceiver clroait and an ntenna (for
R¥ communicaltions). In  other embodiments, the electronics
module could be combined with other optional compenents, such
as a battery

{0041} In some embodiments, the electronics module responds
to solar intensity, causing the electrochromic
To tint or color preoportionally to available

o o= - JRNRP I S i ey +- Y =~ 4 o~ 3771
s0me embodimantsg, the eleactronics modulie

photovoltalic module and a resistor wired in parallel

electrochromic glacing wiring, as deplcted in FIG. 1.

[{0042] By way of example, Table 1 1llustrates a sample
verformance  calculation using twe crystalline photowvoltaic
cells to provide for a maxinum of about 1.1V, a neak current
of about 12&, and about a Z2-ohm resistive locad. The resistor
would nead to be rated for at least 1IW and could be of any
sultable type, such as wirewound or carbon composition. In
Table 1, the PViresistor voltage is derived from typical
response curves of crystalline PV cells. The BEC tint level is
derived from the PV+resistor wvoeltage, using measurements of
tint level as a function of voltage at

output is simply the product of available

ltevel, and the inside light is simply the

output and 2 typical full-sun illuminance value of 100 klux.

The table shows how the resistor can funchion to maintain a

censistent dnterior illuminance., This passive system results
in, it is Dbelieved, a very low total cost with simple

installation.
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Table 1

. Available | BV + EC tint | Solar ocut | Inside light
. sunlight § resistor level (%) § (percent {klux)} 5
{percent of  output (V) . of fall |
full solar | solar §{i11uminance§
energy ! energy @ passing
incident an§ passing  through EC)
IGU} ‘ through

[00431 In octher a2moodiments, the 2lectronics module

includes contrel logic to apply a reverse polarity at low

Light levels to ensuze a iy clear state, and an optimized

3

response to daylight. The communication Letween a
photovoltaic moduls, an alectronics module, and an
electrochromic glazing is depicted in FIG. 2.

(00447 A flow chart showing the operational control or
legic of an embodiment of an electronics module is depicted in
FIG. 3.

{00457 In scme embodiments, the 2lectronics nodule, alone
or complned with the photovoltaic module, is capable of
wireless comnunication with a central control system, building
management system {(BMS), or other user interface (collectiveliy
referred to herein as "contrel system”). For example, the BMS
interface could ke BACnet, LonWorks, ®RNX, or any other such
interface. Iin these emibodimentszs, the wireless communication
can be used, for example, for manual over-ride selection of a
specific state, synchronization between multiple panes, oz
integration with a building autowmsation system, and optionally,

energy storage {pattery or super-cagpacitor} to permit rapid
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switching in low light, or switching in anticigation of an
avent {such as sunrisse or sunset).

‘he electrochromic

<
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(:4—
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4]
systems described above via infrared pulses, radio wavss,
ltrasonic waves, or ancther wireless communication medium as

described in United 8States Patent Nes. 7,277,215, 7,133,181,

and 2,055,089, the disclosures of which are hereby

incorporated by reference herein in entirety. Cther
features of the control system capable of integration intoe the
present disclosure are alsc described in these wvery same
patents. In some embodiments, wireless communications ave
threugh & standarxd protocol, for example a Zigbhee mesh
network, 802.311 WiFi, or Biuetoosth, Proprietary solutions
could also be used. Wireless communication protocols will
typically be accomplished using integrated circuits or modules
specifically designed for the purpose. Modules appropriate forx
the purpose include those wmanufactured by, for example, Digil
International, Synapse Wireless, Motorola, or Fanasonic.

{0047] n  some emnbodiments, 1f electronics are on the
inside of the bullding, there will be an available surface for
antenna nounting, and the antenna could be a separately
mounted module, a component in the electronics module, ox

desigrned into the printed wiring board (PWR) itself. In othey

enpodiments, the antenna could be formed on the glass itself
from transparent conductors or bus bar material. In yet other
embodiments, the photovoltalc module could have space to mount
a flat antenna structure, such as where there are no
photovoltaic cells.

[0048] The communication and/or integration btetween a
photovoitalic module, an glectronics nodule, and an
electrochromic device, all in wireless communication with a
user interface or link to an automation systen, is depilcted in

FIG.

3N
°
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(00481 The electronics medule, in some embodiments, is aliso
capakble of communicating directiy with other electronics
medules 1n  other electrochromic systems or other buillding
systems (via wired or wireless communicatlion). For example, 1Lf
a Zigbee mesh iz used, all units can talk directly to each
other, permitting them to coordinate tint level for a uniform
appearance. & module withh a Rluetooth interface could directly
communicate with wireless telephones. A& module with a Wikl
(802.11) interface could communicate directly with deskiop or
portable PCz or routers.

[GQR0] In some embodiments, the electrochromic systems
further comprise & Dbattery separate from the electronics
module. In other embodiments, the battery is rechargeable or

user~replaceakle, i.e., 1in routine maintenance, the battery

.

{cr batteries) may be replaced if thelr performance drops.
t

ot
T
bedn
T
G
.

incinde those basged on various lithium
techinologies, nickel-cadmium o nickel-metal-hydride.
Lithium~ion cells with iron-phosphate cathodes {(LiFeP04 cells)
offer long life, good pericrmance over temperature, and safety
appropriate  to  this applicat;on, Az alternative storage
technologiss evolve, they could kecome suitable suitable fo
use with the present invenion, including technologissg such as
supercapacitors/ultracapacitors or thin-fiim batteries.

{0051} The2 pheotovoltaic module or electronics module ceould
ogtionally <comprise additional interfaces or modules for
future axpansion purposes. Any control system could likewlse
be used to contrcol these additional interfaces or modules.
For example, it 1s entirely possible tce incorporate interfaces

- - w [ U SR SN TR IR, IO SR R S S N\ p e de A s ~ oy
or modules for the future addivion of lighting systems, =.g.

—
r
&
——
L)

inte each electrochromic zystem, or information

digplays to show status of the glazings or cther informaticn.

=

examples of different methods <f incorporating an

hromic glazing/iGU, a photoveltaic module, and an

i
(O3]
1
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electronics module inte an slectrochromic system are scribed

GesSCri

in the follcowing examples.

in a first aspect of the present discleosure (see
, & combined photovelitaic/electronics module 100 {with
or  without wireless communication) for an electrochromic
glazing 110 is unted to the exterior of the building cor
window framing system 130, In  scme snoodiments, the
photovaeltaic/electronics module {with wireless conmunication)
is mounted ¢n a portion of the frame which has available space
within the frame for an eiectrical connection 120 and exterior
access to the glazing pocket, as depicted in FIG. &. & glazing
pocket, as that term is understood in the art, is the unfilled
space immediately surrounding he TGt Lo alliow for
installation and IGU size tolerance. A pressure-plilate system

L5 an exampie of such a system. In some embodiments, the

[
(4]

electrical connection 120 betwesn IGU and control systems
made with a water-resistant electrical connector capable of
supplying the voltage and current reguirements of the IGU.
Cther elements shown in ¥iG. & include an extevior seal 140,

clamp plate cover 150, frame 160, interior seal

170, and interior frame 184,
[G053] The combined photoveltaic/electronics modules {with
wireless communication) c¢an have any thickness. In  some

anbodiments, the combined PV/wireless control modul ia

preferably less than about 10mm thick, more preferably

b__.;

2S5
than abkout omm thick, so as to minimize its visual impact. In
some embodiments, the visible surface wiil be aimost entirely
comprisad of a photovelitaic surface {cells). Having the PV

and/or electronic modules attached to the pressure plate

—
/, '

permits their instaliation after the g

jlass is installed, and

easy replacement in case of failure or damage thereafter,
Having the PV meodule on the pressure plate permits adeguate

area for sclar energy capture without imeinging on the vision

area of the glazing, maximizing the opportunity for dayvlight.

-1 6
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[0054] in a second aspect of the present disclosure

odule 2060 1s mounted on the

e

1]

0}
&

J
/3‘\

AL

e}

3

, O
T

o
O
S
w
f_l -

O

=

extericr surface 230, with the electronics module 205 inside
or protruding inte the buliding or windoew framing system. It

4
L

believed that this would further minimize the gprofile of

@]

the resulting system. In some ermbodiments, the electronics
couid hang fr@ely, In other embodiments, the electronics
could e mounted to the frame cover. In vyet other
embodimentg, the electronics could be mounted to the pressure
pilate, as depicted in FIG. 6. Other features include an
exterior seal 240, clamp plate cover 258, frame clamp plate
260, extericr surface 230, electrochromic device or IGU 210,
interior seal 270, and interior frame 2&J.

f00BR] In a third aspect of the present invention (see
FIG. 73, the electronics module 3205 is moved to the intexior
frame, as compared to the placement depicted in FIG. &. It is
believed that this has the benefit of allowing replacement of
either the electronics meoduis or the epliacement o©f an

.

optional rechargeabie battery, from the insides of the sgpace.
In this dep ad embodiment {and others which follow}, the
electronics module and battery may be combined inte a single
unit or may be kepl szeparate.

[G056] in & fourth aspect of the present disclicsure, the
photovoltaic module 405 1is located within the IGU 475 as
depiloted in FTIG. &. The =lectronics module 465, 1in zome
embodiments, is lcocated in the interior buliding frame. While
it is Ppelisved that this may result in a pertizl loss of

igs  believed, simplifises

ot

vision  area, this design, i

installation by eliminating a wiring connection. It is al

%]
O

\

believed

this particular embodiment may reduce costs anc
improve reliability by eliminating the need to environmentally
seal the photovoltaic unit, Based on about 15%-20% efficient
crystalline cells comgprising the photovoltaic module, 1t is

estimated that about 2% to about 3% of glass area is reaguired
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in systems with a battery, or up to B% for systems without a
Pattery, because of demands for high current when switching
rapicdly in nmoederate Light levels. Other components shown
include an IGU glazing lite 415, electrochrowmic lavers 425, an
IGU dinternal cavity 4385, and an IGU spacer and seals 455.

{0057] Iin some ewbodiments, 1f the photoveltaic mcedule is
cehind the electrochromic surface ({see, e.g. FIG. 8b)
switching fiims would need to be removed or at least
deactivated to ensure maximum enerqgy availability, In some
embodiments, the photovoltaic module is mounted iuside the

G, (L) on top of non-switching electrochromic

1

laminated within BC film layers.

[0058] In this configuration, 1t 1is possible o use the

-

igu

same bus bar system used by the electrochromic glass to bring
out power to  the external clroulii. in  addition the

photoveltaic wmodule may, in some embodiments, share a common
connection with the electrochromic glass. For ezample, &
2-busbar electrochromic IGU  with photovoltaic wmight  only

require three electrical penetrations. Further information on

related positioning is descriped 1n United States Patent

e

No. 6,055,089, incorporated by reference herein in itz
entirety.
[0058]) In  another embodiment, where the electrochromic
cglass 1is laminated to another piece of glass such that the
ctrochromic f£ilmsg are acing away from the lamination
surface, the photovoltaic cells could be laminated between the
panes. In other enbodiments, the photoveltalc mwmodule may
comprise photovolitaic fiim layers which are laminated between

twe glazing or glass iites, prefzsrably on the exterior side of

N -

the electrochromic film lavyers (see, e.g. FIG. 8d). This
utilizes standard PV-laminate wmanufacturing technology and, in
some embodiments, would have a separate set of wiring
feed-throughs from the elsctrochromic glass. In this

configuration, it 1s believed that mcres energy would be
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available because sunlight would

singlie pane of glass to arrive at

scrme embodiments, the laminate may be part of a triple pane

IGU. For example, FIG. 8F illustrates hotovoltaic f£ilm

e

layere laminated in a triple pans 16U, where the triple pane
IGU comprises an 2xtericr glaring lite pane 416, an internal
glazing lite pane 417, and an interior glazing lite panes 418§,
The configuration of #FiG. 8F may also copticnally comprise one
or both of a privacy technology film layer 493 (which could,

e.g., pe laminated on an innermost face of an I6U's internal

P

glazing lite or laminated on an imnsy most glazing

and/or a second electrochromic film layer 490 (which
laminated, e.g.., on an interior most face of an IGU's internal
glazing lite or an inner most glazing iite).

[0080] In yet other embodiments, the photovoltaic modulie
may be mounted inslde an IGU cavity, preferzbly on an exterior
side of ithe electrochromic film lavers {(e.g., FIG. 8E).

{8061} In a fifth aspect of the present disclosure (see
FIG., @), the configuration retains the photovoltalc module 405
inside the IGU puit moves the electronics module 465 to the
pack side of the IGU. This, it iz believed, has the advantage
¢f bheing compatible with virtually any framing system.

[C0862] In one embodiment, the feed-through Dbetween the
giazing pocket and the interior of the building includes a
flex circouit. However, any suitable penetration of the seal
could ke used, or any wmethod of wireless energy transfer such
as inductive or optical coupling. In other embodiments, the
connection may be provided through a sealed hole in the glass
directly to the inside of the bulilding oz, in yet other
embodiments, through conductors adhered directly to the glass
surface.

[00&3] Methods for installing and maintaining

electrochromic systems according to the present disclosurs are
utlined below.
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[00&84] In a first method, the IGU is installed in a glazin
ket while routing a pigtail wire from the IGU through an
zccess hole 1in the bullding pressure plate, The extericr

framing cover in then attached by standard means. A hole

!._J.
%5}

then drilied in the cover large enough to reach in and make an

electrical ceonnection petween the glazing and the control
module. An electrical connection between wireless nodule and
electrochromic glazing 1s made, and then mount wmodule to
surface of frame.

[0085] In

Q

second method, the IGL i1s dinstalied 1in a

5

glazing pocket while routing & pigtail wire from the IGU

bod

N

through an access hole in the building pressure plate. A
plug-in connection between the 16U pilgtail wire and the wire
passed through the cover from the control module, which has
heen  pre-nounted to surface of frame, i1s then made. The
exterior framing cover is then attached by standard neans.

[0068] In a third method, the I1IGU is installed in a glazing
poecket while routing a pigtail wire from the I6U through an

access hole in the building pressure plate. At an off-site

[

(,:.

location, an electronics module and photoveltalc wmodule are

)-v

K

mounted to the framing system cover, with the photovoltaic on

te, the

[N

the outside and the electronics on the inside. On-3
instailer would then make a final connecticn petween the
cover-mounted electrenics and the IGU pigtail, & cover plate
is then attached in the usual manner.

[0G87] in emboediments where photovelitaic power generaticon
is an objective, it 1s possible to add wires connecting all
the  photoveltalce/electronic  modules back to a central
tem Lo gather excess power. Then, the system
would, it is believed, resemble a normal Y
{bullding-~integrated photovolitaic system) tightly integrated
with an electrochremic glazing system. The excess powar
could, in some embodiments, be converted to grid power with an

inverter, or connected directly to a low-voltage distribution
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tem, such as that defined by the EMerge Alliance, for

s
reduced installation cost and improved efficiency over a

grig-tie system.

r

[00&8] In scme embodiments, the PV modules and electronics
are moeunted on the g¢lass rather than on the framing system,
Instaliation cof

these enbodiment

as the glass can
e 1installed exactly l1like other types of glazing. In those

cases, the photuvoltalc panel

[

nd electronic wmodule may elther

arrive at the installation site already attached, which may

make the glazing wmore difficult to handle and install bun

minimizes installation labor, or they may Dbe linstalled

afterwards,

[0083] The present disclosure can be applied to other types
of electrically active glazings, such as those including LED
lighting or automated blinds.

[Q070] Although the disclcesure herein has been described
with reference to particuiar embodiments, it 1is tc be
understood that these embodiments are nmerely illustrative of
the principles and applications of the present disclosure. It
is therefore to be understood that numercus modifications may
be made to the 1llustrative embodimentzs and that other
arrangements may pe devised without departing from the spirit
and scope of the present disclicsure as defined by the appended

claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A device for modulating the transmission of light from a light source, comprising:
an electrochromic glazing having an external surface lying along a first plane;
at least one photovoltaic module electrically connected to said electrochromic glazing,
wherein:
the at least one photovoltaic module is mounted adjacent to the electrochromic
glazing and an exterior building frame-work; and
the at least one photovoltaic module has a light receiving surface that lies along a
second plane that intersects the first plane and another plane that is
perpendicular to the first plane; and
an electronics module in communication with either of said at least one photovoltaic
module or said electrochromic glazing,
wherein:
said at least one photovoltaic module providing an electrical current to said
electrochromic glazing in response to light from a light source incident on
said at least one photovoltaic module; and
said electrochromic glazing having light transmissivity that is variable in response

to said electrical current from said at least one photovoltaic module.

2. The device of claim 1, wherein said electronics module in wireless communication with a

building automation system.

3. The device of claim 1 or claim 2, wherein said at least one photovoltaic module is mounted

to an exterior surface of said electrochromic glazing.

4. The device of any one of claims 1 to 3, wherein said electrochromic glazing is a laminate

of at least two glass panes.

22
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10.

11.

12.

13.

The device of any one of claims 1 to 4, wherein said electronics module is mounted to an
interior or exterior surface of said electrochromic glazing or within an insulated glazing

unit.

The device of any one of claims 1 to 4, wherein said electronics module is mounted

adjacent to said electrochromic glazing on an interior or exterior building frame-work.

The device of any one of claims 1 to 6, wherein said at least one photovoltaic module and

said electronics module are mounted at different locations.

The device of any one of claims 1 to 4, wherein said at least one photovoltaic module is
located on an exterior surface, and said electronics module is located inside or protruding
into a framing system in an interior frame-work, and wherein said electronics module is in

wireless communication with a building automation system.

The device of claim 7, wherein said at least one photovoltaic module is located on an
exterior surface, and said electronics module is located in an interior frame-work, and
wherein said electronics module is in wireless communication with a building automation

system.

The device of any one of claims 1 to 6, wherein said at least one photovoltaic module and

said electronics module are combined into a single unit.

The device of claim 10, wherein said single unit has a thickness less than about 10 mm.

The device of any one of claims 1 to 11, wherein said electronics module responds to solar
intensity such that the electrochromic glazing tints or colors proportionally to available

sunlight.

The device of any one of claims 1 to 12, wherein said electronics module comprises control

logic means.
23
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14.

15.

16.

17.

18.

The device of any one of claims 1 to 13, further comprising a battery.
The device of any one of claims 1 to 6, wherein said photovoltaic module and said
electronics module are combined and mounted adjacent to said electrochromic glazing on a

building frame-work.

The device of any one of claims 1 to 6, wherein said electronics module comprises a

photovoltaic module and a resistor wired in parallel with an electrochromic glazing wiring.

The device of any one of claims 1 to 16, wherein said at least one photovoltaic module is

connected to said electronics module through an electrical feed-through.

The device of any one of claims 1 to 16, wherein said at least one photovoltaic module is

coupled to said electronics module via a wireless energy transfer means.

24
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