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Description

[0001] The present invention relates to methods for
switching an electrically actuated variable transmission
layer and to an apparatus for use as a glazing pane hav-
ing a selectively switchable region.
[0002] Electrically actuated variable transmission ma-
terials are well known. For example, one class of such
materials are liquid crystals. Liquid crystals are used in
liquid crystal displays and rely on the optical properties
of certain liquid crystalline substances in the presence
or absence of an applied electric field. In a typical device,
a liquid crystal layer (typically 10 mm thick) sits between
two crossed polarisers. The liquid crystal alignment is
chosen so that in the relaxed phase the liquid crystal is
twisted. This twisted phase reorients light that has
passed through the first polarizer, allowing it to be trans-
mitted through the second polarizer (and reflected back
to the observer if a reflector is provided). The device thus
appears transparent. When an electric field is applied to
the liquid crystal layer, the long molecular axes tend to
align parallel to the electric field thus gradually untwisting
in the center of the liquid crystal layer. In this state, the
mesogens do not reorient light, so the light polarized at
the first polarizer is absorbed at the second polarizer,
and the device loses transparency with increasing volt-
age. In this way, the electric field can be used to make a
pixel switch between transparent or opaque on com-
mand.
[0003] Another well known class of electrically actuat-
ed material is known as a suspended particle device film,
or SPD film for short. Such SPD films are described for
example in US 6,301,040B1 and find specific application
as the light modulating unit of a light valve.
[0004] A typical SPD film comprises a suspension of
particles dispersed throughout a liquid phase enclosed
within one or more rigid or flexible solid films or sheets.
Alternatively, an SPD film may comprise a discontinuous
phase of a liquid comprising dispersed particles, the dis-
continuous phase being dispersed throughout a contin-
uous phase of a rigid or flexible solid film or sheet.
[0005] When an electric field of sufficient magnitude is
applied across the SPD film, the transmission character-
istics of the film are influenced. Normally the active SPD
layer is sandwiched between a pair of planar, optically
transparent, electrically conductive electrodes. The elec-
tric field is applied via the planar electrodes and the active
SPD layer sandwiched between the electrodes is affect-
ed in a uniform manner.
[0006] It is known that the transmission state of an en-
tire SPD film can be varied from a low level (when the
film is turned OFF) to a high level (when the film is turned
ON). A sufficiently high electric field must be applied
across the film to switch the transmission state of the
film. There is a maximum light transmission for the film
and it is possible to obtain intermediate levels of trans-
mission by applying a lower magnitude electric field. Be-
low a certain magnitude of applied field, the SPD film

does not switch ON.
[0007] SPD films are normally used as an interlayer in
a laminated glazing construction.
[0008] Other active layer materials are also known that
have the property of variable light transmission under the
influence of an applied electric field, for example films of
electronic ink or layers of an organic light emitting diode
(OLED) material.
[0009] Such electrically actuated materials are able to
switch from one transmission level to another transmis-
sion level uniformly. That is, the medium in between the
electrodes switches at substantially the same time, so to
the human eye, the entire sheet of material changes from
one level of light transmission to another level of light
transmission. The variation in the optical transmission
may be due to absorption or scattering.
[0010] EP1484634A1 discloses an electrically control-
lable light transmission panel including a sensitive layer
of material having an electrically controllable light trans-
mission coefficient and a first and a second coating cov-
ering respective opposite faces of the respective layer,
the first and second coating being electrically conductive
and permeable to visible light. The panel has an electric
supply circuit for supplying a first current through at least
one of the first and second coatings and substantially in
a predetermined first direction.
[0011] US 4,139,278 discloses a liquid crystal display
device having a power source, a voltage converter, a
liquid crystal display cell and a control signal generator.
The voltage supplied from the power source to the con-
verter is converted into a voltage for operating the liquid
crystal display cell and such converted voltage is sup-
plied to the liquid crystal display cell while a control signal
derived from the control signal generator is also applied
to the liquid crystal display cell, thereby effecting display.
[0012] WO02/08826A1 discloses an electrochromic
window assembly and methods for the manufacture of
an electrochromic device for incorporation into such a
window assembly. An electrochromic device is also dis-
closed having electrical bus clips secured about the en-
tire periphery of the electrochromic device.
[0013] In certain applications, it is not desirable to
switch the entire glazing area and only a selected region
thereof may require switching. In WO2007/010542A1,
this effect is achieved by using a pre-determined shape
of a film that is switchable. In US2007/0053053A1 an
array of pixels is formed from panes of SPD Glass, each
pixel being capable of being set to any shading level from
0% to 100%, the ends of the range being thought of as
being Off and On By selecting which pixel is turned on
or off, and the shading level of each pixel, it is possible
to display alphanumeric characters in the pixel array.
[0014] Such prior art methods use more than one sheet
of SPD film, with one sheet being used for each switch-
able region. The switchable region is located in between
a pair of electrodes and the entire region switches uni-
formly.
[0015] Such arrays of multiple, adjacent SPD films
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have the problem that they are difficult to construct. To
switch more than one region, more than one piece of
electrically isolated film is required, each requiring its own
electrical connections thereto. This makes switching
more difficult, because now there are many switchable
elements instead of just one. In addition, once a glazing
has been constructed, which is normally a laminated
glazing with the SPD film in between the glazing panes,
the area that may be switched is fixed and may not be
changed without either (a) dismantling the glazing and
subsequently reconstructing the glazing with the new de-
sired region or regions that are able to be selectively
switched or (b) replacing the glazing with a new glazing
that has the appropriate configuration of SPD films.
[0016] There exists a need for a method of providing
a switchable region of an electrically actuated variable
transmission medium, particularly when the medium is
in layer form, wherein it is possible to select a region that
is switched in the medium.
[0017] Accordingly the present invention provides from
a first aspect a method of switching an SPD film com-
prising an electrically actuated variable transmission lay-
er, the layer being between a first electrode and a second
electrode, wherein an alternating electric field having a
frequency greater than 1kHz is applied between the first
and second electrodes such that a selective region of the
layer in between the first and second electrodes is
switched.
[0018] By selectively switching the layer, the transition
from one transmission state to another does not occur
uniformly across the layer as observed by the human
eye. The switching behaviour of the electrically actuated
variable transmission layer may be due to the absorption
properties or the scattering properties of the layer.
[0019] Preferably the selectively switched region has
graded transmission.
[0020] Preferably the electrically actuated variable
transmission layer comprises a liquid crystal containing
film.
[0021] Preferably the frequency of the applied alternat-
ing electric field is greater than 10kHz, more preferably
at least 20kHz.
[0022] Suitably the frequency of the applied alternating
voltage for an SPD film that is switched conventionally
is in the range of 10Hz to 400Hz. Under such a frequency
range, the switching of the SPD film across the entire film
in between the electrodes from the OFF state to the ON
state (and vice versa) is uniform to the human eye.
[0023] Preferably the electric field is applied via a pow-
er supply having a variable output voltage. Preferably the
electric field is applied via a power supply having a var-
iable output frequency. Preferably the electric field is ap-
plied via a power supply having a variable output wave-
form. Preferably there is a resistor in series with one of
the electrodes and the power supply.
[0024] Preferably the applied electric field has a sub-
stantially rectangular waveform.
[0025] In a preferred embodiment, the electric field is

applied by a direct galvanic connection to the first elec-
trode and/or second electrode.
[0026] In another embodiment, the electric field is ap-
plied by at least one remote electrical connection that is
remote to the first electrode and second electrode.
[0027] Suitably the electrical field is applied to by a
plurality of electrical connectors associated with the first
and/or second electrode.
[0028] The present invention also provides from a sec-
ond aspect apparatus for use as a glazing pane, com-
prising a sheet of glazing material and an SPD film com-
prising an electrically actuated variable transmission lay-
er facing the sheet of glazing material, the layer being
sandwiched between a first electrode and a second elec-
trode, and an electric field generator in electrical com-
munication with the electrodes characterised in that the
electric field generator is configured to produce an alter-
nating electric field of sufficient strength at a frequency
greater than 1kHz to switch a selected region of the layer
in between the first and second electrodes.
[0029] Preferably the layer is laminated between two
sheets of glazing material. Suitably one or both of the
sheets of glazing material may be of glass or plastic. One
or both of the sheets of glazing material may be tinted.
[0030] Preferably the selected region has graded
transmission.
[0031] Preferably the electric field generator is able to
generate an alternating electric field having a frequency
greater 10kHz, more preferably greater than 20kHz.
[0032] Preferably the electric field generator is in elec-
trical communication with the first and/or second elec-
trode via at least one direct galvanic connection thereto.
[0033] In another embodiment, the electrical field gen-
erator is in electrical communication with the first and or
second electrode via a plurality of electrical connectors.
[0034] The electric field generator may be in electrical
communication with the first and or second electrode via
a plurality of electrical connectors.
[0035] In a preferred embodiment the glazing pane is
a vehicle glazing pane. Preferably the glazing pane is a
windscreen or a sunroof.
[0036] In another preferred embodiment, the glazing
pane is a window in a building.
[0037] Embodiments of the present invention will now
be described by way of example only with reference to
the following figures (not to scale) in which,

Figure 1 shows a plan view of a conventional lami-
nated glazing having an SPD film sandwiched be-
tween a pair of sheets of glazing material, wherein
the SPD film is in the OFF position.
Figure 2 shows a plan view of a conventional lami-
nated glazing having an SPD film sandwiched be-
tween a pair of sheets of glazing material, wherein
the SPD film is in the ON position
Figure 3 shows a perspective view of an SPD film
having cut away regions so that busbars can be con-
nected to the electrically conductive layers.
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Figure 4 shows an exploded cross section of the
glazing shown in figure 2 along the line A-A’.
Figure 5 shows an exploded cross section of the
glazing shown in figure 2 along the line B-B’.
Figure 6 shows a cross section of the glazing shown
in figure 2 along the line B-B’.
Figure 7 shows a plan view of a conventional lami-
nated glazing having two pieces of SPD film sand-
wiched between two sheets of glazing material.
Figure 8 shows a cross section of the two SPD films
used in the glazing shown in figure 7 along the line
C-C’.
Figure 9 shows a cross section of another discontin-
uous SPD film.
Figure 10 shows a cross section of yet another dis-
continuous SPD film.
Figure 11 shows a plan view of a glazing pane that
has been switched in accordance with the present
invention.
Figure 12 shows another plan view of a glazing pane
that has been switched in accordance with the
present invention.
Figure 13 shows an RC circuit diagram representa-
tion of an SPD film.
Figure 14 shows another RC circuit diagram repre-
sentation of the SPD film shown in figure 13.
Figure 15 shows a plan view of another glazing pane
that has been switched in accordance with the
present invention.
Figure 16 shows a schematic of the conventional
method of switching a conventional SPD film.
Figure 17 shows a schematic of the method in ac-
cordance with the present invention of switching a
conventional SPD film.
Figure 18 shows a perspective view of a vehicle
windscreen comprising a shade band.
Figure 19 shows a cross section of an SPD that has
a remote electrical connector.
Figure 20 shows a cross section of another SPD film
that has two remote electrical connectors.

[0038] With reference to figures 1 to 6 there is shown
a conventional laminated glazing 1 comprising a single
sheet of an electrically actuated SPD film 2. The SPD
film 2 is laminated between a pair of optically transparent
panes 3, 4, for example a pair of glass sheets or poly-
carbonate sheets.
[0039] With particular reference to figure 3, the SPD
film 2 comprises a plurality of particles suspended within
a liquid suspension medium, which are held within a pol-
ymer medium 5. The polymer medium is typically in the
form of a sheet or layer. An electrically conductive layer
6, 7, typically ITO, is adhered to each face of the layer
of polymer. The electrically conductive layers are elec-
trodes. An electric field may be applied between these
two electrodes so that an electric field is applied across
the polymer layer. Usually covering each conductive lay-
er 6, 7 is another protective layer (8, 9 respectively), typ-

ically of PET.
[0040] As is conventional in the art, electrical connec-
tions, known as busbars, are made to each conductive
layer. The busbars allow the connection of other electrical
components to the electrically conductive layers 6, 7. As
is shown in figure 3, regions 18, 20 of the SPD film are
removed to allow the busbars to be connected to the
electrically conductive layers 6, 7.
[0041] A thin electrically conductive busbar 10 is con-
nected to the lower conductive layer 6. Similarly, a thin
electrically conductive busbar 11 is connected to the up-
per conductive layer 7. The busbars 10, 11 do not add
significantly to the overall thickness of the SPD film. The
busbars provide contact points for applying a voltage
across the faces of the SPD film in order to switch the
film. The cross section shown in figure 4 indicates the
staggered arrangement of the busbars 10 and 11.
[0042] Although busbar 10 is shown as being connect-
ed to the upper surface of the electrically conductive layer
6, the busbar 10 may be connected to the lower surface
of the layer 6. Likewise, although busbar 11 is shown as
being connected to the lower surface of the electrically
conductive layer 7, the busbar 11 may be connected to
the upper surface of the electrically conductive layer 7.
[0043] The SPD film 2 comprising the busbars is lam-
inated in between a pair of interleavant sheets of EVA
12, 13. In the region of the SPD film where the busbars
are connected to the electrically conductive layers, some
of the SPD film has been removed so that this connection
could be made (see regions 18, 20 in figure 3). During
the lamination of the SPD film between the EVA sheets,
the interleavant sheets may flow into the region 18, 20
where the layers of the film have been removed. Although
EVA was used, other suitable interleavant sheets may
be used. Each interleavant sheet may be the same type
or may be different. One of the interleavant sheets may
be tinted. The EVA/SPD Film/EVA laminated assembly
is then used as an interlayer to join the panes 3, 4 together
to form the laminated switchable glazing 1, as shown in
cross section in figure 6. Any suitable lamination tech-
nique known in the art may be used.
[0044] For this specific example, the laminated glazing
1 had a width 19 of about 300mm, a height 21 of about
300mm and a thickness 23 of about 5.4mm. Each pane
3, 4 was a piece of clear float glass about 2.1mm thick.
Each of the interleavant sheets 12, 13 was EVA with a
thickness of about 0.4mm. The SPD film 2 had an overall
thickness of about 0.34mm.
[0045] The SPD film described above has the property
of being "continuous". For clarity a continuous SPD film
has the following property. The SPD film has on each of
the opposed major surfaces of the polymer layer within
which the active particles are contained, a layer of elec-
trically conductive material that extends over the entire
major surface. The entire volume of the polymer that is
sandwiched between the two conductive layers is able
to be actuated by the application of a switching voltage.
For a switching voltage in the region of 150V rms at a
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frequency of 50-60Hz, the applied electric field is able to
affect the entire volume sandwiched in between the con-
ductive layers. In normal operation the entire volume of
polymer in between the conductive layers is switchable
in a uniform way between a low transmission state to a
high transmission state. The transition is uniform to the
human eye. A continuous SPD film has a first electrically
continuous electrode (in the form of an electrically con-
ductive layer) that covers one surface of a physically con-
tinuous active layer, and another electrically continuous
electrode (again in the form of an electrically conductive
layer) that covers the opposite surface of the physically
continuous active layer. The entire volume of the active
layer in between the two electrodes may be influenced
by the application of an electric field.
[0046] Conventional SPD films are manufactured to be
continuous i.e. the active layer is a sheet, and the elec-
trodes cover the entire major surfaces of the active layer
in sheet form.
[0047] As is known in the art, and with reference to
figure 1 and figure 6, when no voltage is applied between
the upper electrically conductive layer 7 and the lower
electrically conductive layer 6, the particles in polymer
medium 5 of the SPD film assume random positions, and
hence a beam of light passing through the glazing is ei-
ther reflected, transmitted or absorbed, depending upon
factors such as the nature and concentration of the par-
ticles, and the wavelength of the incident light beam. The
laminated glazing 1 therefore has a low light transmission
and the SPD film is said to be in the OFF state.
[0048] With particular reference to figures 2 and 6,
when a low frequency alternating voltage is applied to
busbars 10, 11, an electric field is produced between the
upper electrically conductive layer 7 and the lower elec-
trically conductive layer 6. A strong enough electric field
causes the particles in the SPD film to become aligned,
thereby allowing light to be transmitted through the glaz-
ing. Consequently, the glazing has a uniform, or substan-
tially uniform, transmission at each point through the
glazing. The glazing 1 therefore assumes a light trans-
mission that is higher than when in the OFF state, and
the SPD film is said to be in the ON state.
[0049] A typical alternating switching voltage is 120V
peak to peak, with a frequency of between 50-400Hz.
The switching voltage may be a 240V mains supply. Typ-
ically the alternating switching voltage is a square wave,
although other forms of alternating switching voltage may
be used to provide the ON state, for example a sawtooth
or sinusoidal waveform. Typical waveform generators in-
clude a conventional mains electricity supply, a signal
generator and amplifier or a signal generator plus ampli-
fier plus transformer.
[0050] When switching between the OFF state shown
in figure 1 and the ON state shown in figure 2, the tran-
sition from low light transmission to high light transmis-
sion is substantially uniform over the entire glazing. That
is, to the human eye, the glazing switches uniformly from
having low light transmission to high light transmission.

[0051] As is known in the art, it is possible to vary the
transmission of the glazing by altering the magnitude of
the applied switching voltage. For example, for a given
switching frequency, if the magnitude of the switching
voltage is reduced, the maximum transmission in the ON
state is also reduced. Typically the maximum light trans-
mission is obtained when the magnitude of the switching
voltage is in the range 120V to 240V.
[0052] Note that in the cross sections shown in figures
5 and 6, the busbar 11 is shown in phantom.
[0053] It is known that in order to provide a glazing
wherein selected regions may be switched, a discontin-
uous SPD film may be used. This is illustrated in figure 7.
[0054] Figure 7 shows a laminated glazing 25 compris-
ing two separate pieces of SPD film 27, 29. The two SPD
films 27, 29 may be cut from a single sheet of SPD film.
The SPD film 27 is provided with busbars 31, 33 and the
SPD film 29 is provided with busbars 35, 37. The SPD
films are of the type described with reference to figure 3
and the respective busbars may be applied in the same
way. The two SPD films 27, 29 are electrically and phys-
ically separated but both are laminated between a pair
of glazing panes. By providing a switching voltage to the
busbars 31, 33, the SPD film 27 may be switched to the
ON state. Likewise, by providing a switching voltage to
the busbars 35, 37, the SPD film 29 may be switched to
the ON state. Both pieces of SPD film 27, 29 may be
independently switched, such that the glazing has two
independently switchable regions 26, 28.
[0055] This arrangement of glazing is difficult to man-
ufacture and the selected region to be switched must be
determined prior to lamination. After lamination, only pre-
determined regions having a separate piece of SPD film
and associated busbars can be selectively switched. The
two SPD films can be thought of as individual pixels, each
pixel having a low light transmission OFF state and a
high light transmission ON state. Intermediate levels of
light transmission may be obtained by suitable choice of
the magnitude of the switching voltage.
[0056] Figure 8 shows a cross section along the line
C-C’ in figure 7 of the SPD films used in the glazing 25
shown in figure 7. For clarity, the glazing panes are not
shown. The busbars 31, 33 are electrically connected to
the respective electrically conductive upper layer 30 and
lower layer 32 of the SPD film 27. The busbars 35, 37
are electrically connected to the respective electrically
conductive lower layer 34 and upper layer 36 of the SPD
film 29. Busbars 35, 37 are shown in phantom only. Other
configuration of busbar may be used. Sandwiched be-
tween the electrically conductive layers 30, 32 is an elec-
trically actuated variable transmission layer 38, and
sandwiched between the electrically conductive layers
34, 36 is an electrically actuated variable transmission
layer 39. The layers 38, 39 are polymer layers of the SPD
film that contain the electrically actuated particles. As pre-
viously described, each SPD film 27, 29 has protective
layers covering the electrically conducting layers 30, 32,
34, 36. By applying a suitable electric field between the
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upper conductive layer 30 and lower conductive layer 32
the layer 38 can switch ON to a high light transmission
state, such that the transmission of the glazing is different
in region 26 than region 28. By virtue of the two electrically
and physically separated SPD films 27, 29, the glazing
25 has two independently switchable regions 26, 28.
[0057] Alternative SPD film configurations for use in
laminated glazing constructions comprising discontinu-
ous films are shown in cross section in figure 9 and figure
10. Again for clarity, the glazing panes are not shown in
either of these figures.
[0058] In figure 9 there is shown an SPD film 40 that
has two individually switchable regions 41, 42 within the
polymer medium of the SPD film. The SPD film comprises
a continuous polymer layer 43 that contains the electri-
cally actuated particles. On the upper surface of the pol-
ymer layer 43 is an electrically conductive layer 44. On
the lower surface of the polymer layer 43 are two elec-
trically separated, electrically conductive layers 45, 46.
A protective layer covers each electrically conductive lay-
er. A busbar 47, 48, 49 is connected to the respective
electrically conductive layer 44, 45, 46. The SPD film 40
has two individually switchable regions 41, 42. By apply-
ing an appropriate switching voltage to busbars 47, 48,
the region 41 of the SPD film may be selectively turned
ON (as shown). The region 42 may be switched on by
applying an appropriate magnitude switching voltage to
the busbars 47, 49. This is a discontinuous SPD film be-
cause of the two electrically separated, electrically con-
ductive layers 45, 46. The discontinuity 50 in the lower
electrically conductive coating may be introduced during
the manufacture of the film of may be introduced by a
subsequent process.
[0059] In figure 10 there are two individually switchable
regions 52, 53 within the polymer medium of the SPD
film 51. The SPD film comprises a continuous polymer
layer 54. On the upper surface of polymer layer 54 there
are two electrically separated, electrically conductive lay-
ers 55, 56. On the lower surface of the polymer layer 54
there are two electrically separated, electrically conduc-
tive layers 57, 58. Layer 55 is in registration with layer
57 and layer 56 is in registration with layer 58.
[0060] Connected to each electrically conductive layer
55, 56, 57, 58 is a respective busbar 59, 61, 63, 65. By
applying a switching voltage to busbars 59, 63, the region
52 of the SPD film may be selectively switched ON whilst
the region 69 remains in the OFF state. Both regions 52,
53 may be switched ON by applying a switching voltage
to busbars pair 59, 63 and 61, 65. The switching voltages
may be different so that the transmission in each region
52, 53 is different. This is a discontinuous SPD film be-
cause the upper and lower electrically conductive layers
are two electrically separated regions. The discontinuity
in the electrically conductive layers may be introduced
during manufacture of the film or by subsequent process-
ing using techniques known in the art.
[0061] Figure 11 shows a laminated glazing that has
a construction as described with reference to figures 1

to 6. The laminated glazing 1 that has been switched in
accordance with the present invention. A high frequency
alternating switching voltage is applied to the busbars
10, 11. The peak to peak voltage of the applied voltage
was about 120V. The applied voltage was a substantially
square wave with a frequency of 20kHz.
[0062] In contrast to applying a low frequency alternat-
ing switching voltage to the busbars 10, 11, only a se-
lected region 74 of the continuous SPD film switches to
the ON state. A region 75 remains in the OFF state. A
region is produced across the SPD film (between 71 and
71’) that has graded transmission.
[0063] By graded transmission, it is meant that the re-
gion has in one direction a variation in visible light trans-
mission, ranging from a low transmission that gradually
changes to a high transmission. There may be two direc-
tions in which there is graded transmission. Preferably
the high transmission region of the graded transmission
region is substantially the same transmission as the
transmission of the glazing in the ON state. Preferably
the high transmission region has a transmission of about
40% measured (calculated using Illuminant C or D65
weighting factors).
[0064] Figure 12 shows the laminated glazing 1 as de-
scribed with reference to figures 1 to 6 wherein the fre-
quency of the applied alternating switching voltage is low-
er than in figure 11 i.e 10kHz. The graded transmission
region (between 79 and 79’) extends further from the
lower edge of the glazing where the busbars 10, 11 are
located. More of the lower portion 77 of the SPD film has
switched to the ON state and part of the upper portion
78 of the SPD film is still in the OFF state. The lower
portion 77 of the continuous SPD film has been selec-
tively switched on. The graded transmission region (be-
tween 79 and 79’) has moved to the upper part of the
glazing.
[0065] The switching voltage was applied by a suitably
constructed voltage generator comprising a signal gen-
erator, an audio amplifier and a transformer. The output
of the voltage generator was a signal wherein the fre-
quency was variable between 50Hz and 20kHz, and the
voltage output was variable between 0 and 140V rms.
[0066] Within the graded transmission region, the ap-
plied voltage is sufficient to slightly affect the orientation
of the particles in the SPD film, such that the SPD film is
in an intermediate state that is in between the ON state
and OFF state.
[0067] In contrast to a conventional laminated glazing
comprising an SPD film, by driving the film with a high
frequency voltage it is possible to select a region within
the glazing that is switched. In addition, a graded trans-
mission region may be produced.
[0068] The extent of the graded transmission region
may be affected by varying the frequency of the applied
voltage, the maximum peak to peak voltage and the na-
ture of the alternating voltage waveform i.e. square wave,
sawtooth or sinusoidal.
[0069] Additionally, the location and position and
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number of the busbars will also affect the switching of
the SPD film. For example, in an alternative embodiment
to that shown in figure 1 and figure 11, the busbar 11
may be located on the upper edge of the glazing, whilst
still being in electrical communication with the upper con-
ductive layer 7.
[0070] Without being bound by any particular theory,
one possible explanation for the observed behaviour is
given with reference to figures 13 and 14. A cross section
of part of an SPD film 81 is shown. In these figures the
SPD film 81 is represented by a simple resistance (R) ∼
capacitor (C) circuit. The SPD film comprises an active
polymer medium layer 82. On the upper surface of the
polymer layer 82 is an electrically conductive coating 83
and on the lower surface of the polymer layer 82 is an
electrically conductive coating 84. An AC signal genera-
tor 85 is electrically connected to the SPD film via busbars
86, 87. The busbars 86, 87 are in electrical communica-
tion with the respective electrically conductive coating
83, 84.
[0071] For a simple series RC circuit, as shown in be-
tween lines I-I’ and II-II’ of figure 13, the time constant
for the circuit τ is given by [R1 + R2] 3 C1. When a voltage
is applied across the electrically conductive layers 83,
84, the time constant τ for the circuit in between I-I’ and
II-II’ is the time taken for the voltage V1 at that point across
the SPD film to reach about 63% of the maximum applied
voltage.
[0072] As the distance along the film from the busbars
increases, for example as shown by the circuit between
the lines I-I’ and III-III’ of figure 14, the time constant of
the circuit increases because the resistance increases.
With reference to figure 14, the time constant τ of the
circuit between I-I’ and III-III is [R1+R2+R3+R4] 3 C2.
The distributed capacitance across the two conductive
layers 83, 84 remains the same. Therefore, the time con-
stant τ is longer the further away from the busbars 86,
87. It now takes more time for the voltage V2 across the
SPD film at that point to reach about 63% of the maximum
applied voltage. Therefore as the distance from the bus-
bars increases, the time constant increases, so that it
takes longer to reach the necessary voltage across the
conductive layers to switch the SPD film. Hence it will be
readily apparent that there will be a certain distance from
the busbars, where when an alternating switching voltage
is applied across the SPD film, the voltage across the
electrically conductive layers does not have time to reach
the magnitude necessary to switch the SPD film before
the alternating switching voltage switches. As a conse-
quence, not only will a graded transmission region be
produced, because the time constant τ varies with dis-
tance long the SPD film, but there will also be a point
where the switching voltage is not able to reach the re-
quired level before the alternating switching voltage turns
off.
[0073] The above theory predicts that for a sufficiently
high frequency switching voltage, there will be three re-
gions in the SPD film of different transmission, (i) a region

that is able to be switched ON where the electric field
across the conductive layers is able to attain the neces-
sary magnitude to switch, (ii) a region where the magni-
tude of the electric field across the conductive layers var-
ies because of the varying time constant effect, and (iii)
a region where the electric field is not able to attain the
necessary magnitude to allow the SPD film to switch on
because the time constant is sufficiently long and the
frequency of the applied electric field is sufficiently fast.
Hence region (i) will have high light transmission, region
(ii) will have graded transmission and region (iii) will have
low light transmission.
[0074] In practice the SPD film may have a very high
leakage resistance between the two conductive layers,
although this should have little influence on the produc-
tion of a graded transmission region.
[0075] Additionally the above theory indicates the im-
portance of the resistance of the electrically conductive
layers and the capacitance of the pair of electrically con-
ductive layers. If the electrically conductive layers change
so that there is a different resistance (typically measured
per square), the frequency where non-uniform switching
occurs will vary and need to be determined accordingly.
Likewise, the capacitance of the electrically actuated var-
iable transmission layer/electrode construction will affect
the frequency where non-uniform switching occurs. The
sheet resistance of the two electrically conductive layers
may be the same or different.
[0076] It will be readily apparent to one skilled in the
art that the time constant of the entire film will be in-
creased by any series resistance in between AC signal
generator 85 and one or both of the electrically conduc-
tive layers 83, 84. Such series resistance may be contact
resistance or actual resistors in between the AC signal
generator and busbar. With suitably high resistances the
film can be made to switch to a lower transmission level
due to the increased time constant (and possibly voltage
drop across this resistor). However, specific series re-
sistance could be introduced that work in combination
with the sheet resistance of the film. Whilst it is the sheet
resistance of the film that causes the film to have graded
transmission, the sensitivity to the sheet resistance could
be altered by choosing different series resistances. Ad-
ditionally, different series resistance could be used for
each supply side (i.e. between the signal generator and
one or both busbars), skewing the graded transmission
region. Furthermore, variable resistors could be used on
each supply leg to add additional control over the size
and position of the clear area (the switched ON region),
and also the dimensions of the graded transmission re-
gion.
[0077] For an SPD film supplied by Hitachi, each elec-
trically conductive layer is an ITO coating deposited on
the inner surface of a PET protective layer i.e. the ITO
coating is sandwiched between the SPD polymer layer
and the PET protective layer. The sheet resistance of
each electrically conductive layer in such an SPD film is
220-260ohm/square. A 240x240mm sheet of this film has
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a capacitance of about 20nF.
[0078] Other SPD films are available wherein the sheet
resistance is 350 ohms/square and the capacitance is
40nF per square foot (see for example
US2004/0160660A1).
[0079] Liquid crystal containing films are available
commercially wherein each electrically conductive layer
has a sheet resistance of about 100 ohms/square.
[0080] Figure 15 shows another switchable laminated
glazing 91 comprising an SPD film. The SPD film faces
each pane of glazing material and the SPD film has sub-
stantially the same size major surface as the major sur-
face of each pane of glazing material.
[0081] In this example, the busbar 93 connected to the
lower electrically conductive layer extends along the en-
tire width of the glazing and is located at the bottom edge
of the glazing. The busbar 95 connected to the upper
electrically conductive layer also extends across the en-
tire width of the glazing and is located at the upper edge
of the glazing.
[0082] When no voltage is applied between the bus-
bars 93, 95, the glazing has low light transmission be-
cause the SPD film is in the OFF state. By applying a low
frequency voltage i.e. 10 to 400Hz, between the busbars
93, 95, the SPD film uniformly switches to the ON state
and the laminated glazing switches from having a uniform
low transmission to a uniformly high transmission. As in
the example described with reference to figures 1 and 2,
the transition from the OFF state to the ON state is uni-
form as observed by the human eye.
[0083] By applying a suitable high frequency voltage
i.e. 25kHz, to the busbars 93, 95, a selective region 94
of the glazing 91 is switched ON. The region switched
ON extends between edges 99 and 99’. Furthermore,
there are two regions of graded transmission region 97,
98 that also extend between the edges 99, 99’. The SPD
film is only able to switch on where the electric field across
the electrically conductive layers is sufficiently high to
maintain the necessary magnitude of electric field so that
the SPD film can switch.
[0084] The selected region may be chosen by selecting
an appropriate high frequency for the applied switching
voltage between the busbars 93, 95.
[0085] It will be readily apparent that the precise fre-
quency wherein a selective region of an SPD film may
be switched ON depends upon the dimensions of the
SPD film and the geometry thereof i.e. whether rectan-
gular or circular for example. For a given geometry of
SPD film, busbars may be suitably located to selectively
switch a given region of the SPD film to the ON state
when a sufficiently high frequency is applied to these
busbars. The frequency of the applied switching voltage
may also be chosen to affect switching behaviour of the
SPD film in the desired location.
[0086] For a given geometry of SPD film and location
of busbars, it is possible to determine the lowest frequen-
cy, fmin upon which the continuous SPD film begins to
switch non-uniformly. The frequency fmin is dependent

upon the size of the film. For example, for a 300mm x
300mm SPD film, fmin is around 10kHz. The value of fmin
will be film specific and depends also upon the specific
waveform of the applied electric field, the magnitude of
the supply voltage and the resistance of the electrically
conductive coating layers between which the electrically
actuated variable transmission layer is sandwiched.
[0087] Therefore, by increasing the frequency of the
applied switching voltage it is possible to alter the region
of the SPD film that is selectively switched. This makes
it possible for the SPD film to switch non-uniformly in a
manner that resembles a blind or curtain being drawn
open. The graded transmission region can be made to
move by varying the frequency of the applied voltage.
[0088] Factors that may be used to influence the grad-
ed transmission region include the magnitude of the ap-
plied electric field (or voltage), the dimensions of the elec-
trically actuated variable transmission layer, actual ge-
ometry of the electrically actuated variable transmission
layer, particular aspect ratio of the electrically actuated
variable transmission layer (particularly with respect to
the location of the busbars), the size of the busbars, the
number of the busbars (there may be two or more) and
the location of the busbars. In addition the electrical char-
acteristics of the particular electrically conductive layers
in between which the electrically actuated variable trans-
mission layer is sandwiched will also have an effect, for
example, the specific sheet resistance of the electrically
conductive layers and the capacitance of them.
[0089] It will also be readily apparent that for a given
size of SPD film and arrangement of busbars, there will
be a frequency (fmax) of applied electric field above which
the SPD film is not switchable to the ON state.
[0090] In an alternative embodiment to that shown in
figure 15, for a rectangular SPD film, there may be four
busbars, one in each corner. By initially having a suffi-
ciently high frequency electric field of sufficient magni-
tude applied to each of the four busbars, and then by
reducing the frequency of the applied electric field to each
busbar, the SPD film appears to switch from the corners.
[0091] For a conventional method of switching an SPD
film, reference is made to figure 16. At step 100 the SPD
film is in the OFF state (as shown in figure 1). Applying
a low frequency voltage at step 102 causes the SPD film
to switch uniformly to the ON state (as shown in figure
2). The voltage at step 102 is typically 120-240V peak to
peak at 50-60Hz. The transition from the OFF state to
the ON state causes the SPD film having a low level of
light transmission to uniformly switch to having a higher
level of light transmission. The transition from the OFF
state to the ON state is uniform to the human eye. The
actual transmission level of the SPD film in the ON state
depends upon the magnitude of the applied electric field.
[0092] For a method of switching in accordance with
the present invention, reference is made to figure 17. At
step 110, the SPD film is in the OFF state (as is shown
in figure 1). By applying a high frequency voltage at step
112 wherein the frequency is greater than fmin, the SPD
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film switches non-uniformly so that at step 114, only a
selected region of the SPD film is switched ON (for ex-
ample as is shown in figure 11). At step 116, the frequen-
cy of the applied switching voltage may be reduced com-
pared to that used at step 112, whilst still being above
fmin. Consequently more of the SPD film will be switched
to the ON state at step 118 (as is shown in figure 12).
Reducing the frequency of the applied voltage at step
120 below fmin, the entire SPD film is switched ON at step
122 and the glazing has a uniform high transparency, as
shown in figure 2.
[0093] In figure 17 the SPD film is indicated as having
two intermediate stages (at step 114 and 118) between
the ON and OFF states at step 110 and 122 respectively.
There may be many intermediate stages in between the
ON and OFF states so that the transition from OFF to
ON varies smoothly from one end of the film to the other
end of the film (and hence the glazing in which the SPD
film may be incorporated). If desired, the final state 122
may be one wherein the SPD film has a region of graded
transmission. When this is the case the driving voltage
is maintained at or above fmin to achieve this final desired
state. Alternatively, the initial state 100 may be the same
as the initial state 110, and the final state 104 may be
the same as the final state 122.
[0094] By reversing the above steps, the SPD film may
be switched from the ON state to the OFF state in a man-
ner that resembles a blind or curtain closing.
[0095] A particular application of the present invention
is to provide a sunshade for a vehicle windscreen. As
shown in figure 18, a conventional laminated vehicle
windscreen 200 may have an upper region 202 that has
a lower light transmission than the remainder of the wind-
screen 204. This upper region 202 is known as a shade
band and is normally provided by a suitably tinted inter-
layer material. In a conventional windscreen, once the
shade band is incorporated into the laminate, it remains
fixed in position and cannot be changed without complete
replacement of the windscreen. The boundary 206 be-
tween the shade band and the conventional interlayer is
typically a region of graded transmission to avoid the
sharp transition between the low light transmission region
202 and the high light transmission region 204.
[0096] By replacing the laminate material in the region
202 with a suitable interlayer material comprising an SPD
film, a switchable shade band may be provided. When
the SPD film is in the ON position, the upper region 202
would have a high light transmission. By switching the
SPD film with an alternating voltage having a frequency
above fmin, a shade band may be produced. The distance
the shade band extends may be altered by selecting the
frequency of the applied switching voltage (ensuring the
windscreen still meets legal requirements for light trans-
mission). This has the advantage that the shade band
may react in response to the position of the sun in the
sky, thereby reducing the amount of glare.
[0097] Another application for the present invention is
a sunroof for a vehicle. By incorporating a continuous

SPD film into a laminated glazing for a vehicle sunroof,
and switching the SPD film in accordance with the
present invention, it is possible to switch the continuous
SPD film non-uniformly as described with reference to
figure 17, such that the transition of the SPD film from
the ON to OFF state (or vice versa) resembles a blind or
curtain opening or closing. Similarly, the present inven-
tion finds application for a switchable side window or rear
backlight in a vehicle such as a car or a bus.
[0098] Yet another application of the present invention
is for a switchable window in a building. Using the method
according to the first aspect of the invention, a large office
window could have a dark, shaded region near the upper
part of the window when the sun was high in the sky. As
the day drew on, the dark region could be moved down
the window to provide adequate shading as the sun got
lower in the sky.
[0099] Figure 19 shows an SPD film 300 consisting of
an electrically actuated variable transmission layer 302
of an SPD emulsion in between a first electrode layer
304 and a second electrode layer 306. The first electrode
layer 304 comprises a PET substrate 308 with an elec-
trically conductive ITO coating 310 disposed on a surface
thereof. The second electrode layer 306 comprises a
PET substrate 312 having an electrically conductive coat-
ing 314 disposed on a surface thereof. The electrically
conductive ITO coatings 310, 314 are electrodes. The
SPD film 300 is configured such that the active layer 302
is in between the PET substrate 308 and the electrically
conductive ITO coating 314, and the electrically conduc-
tive coating 314 is in between the active layer 302 and
the PET substrate 312. There may be an overcoat layer
on one or more of the surfaces of the active layer 302
that face the electrode layers 302, 304.
[0100] There is a direct galvanic connection to the elec-
trically conductive coating 310 by an electrical connector
316. There is a remote electrical connector 318 that is
remote to the electrically conductive ITO coatings 310,
314 (and the active layer 302), the remote electrical con-
nector 318 being positioned on the uncoated surface of
the PET substrate 312.
[0101] The SPD film can be connected to a suitable
power supply via the electrical connector 316 and the
remote electrical connector 318. Upon applying a suffi-
ciently high frequency alternating voltage between the
electrical connector 316 and the remote electrical con-
nector 318, an electric field is applied across the active
layer such that a selective region of the layer in between
the electrically conductive coatings 310, 314 is switched.
[0102] Figure 20 shows an SPD film 400 consisting of
an electrically actuated variable transmission layer 402
of an SPD emulsion in between a first electrode layer
404 and a second electrode layer 406. The first electrode
layer 404 comprises a PET substrate 408 with an elec-
trically conductive ITO coating 410 disposed on a surface
thereof. The second electrode layer 406 comprises a
PET substrate 412 having an electrically conductive coat-
ing 414 disposed on a surface thereof. The electrically
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conductive ITO coatings are electrodes. The SPD film
400 is configured such that the active layer 402 is in be-
tween the two electrically conductive ITO coatings 410,
414. There may be an overcoat layer on one or both of
the surfaces of the active layer facing the electrode layers
404,406.
[0103] There is a first remote electrical connector 416
located on the uncoated surface of the PET substrate
408. There is a second remote electrical connector 418
located on the uncoated surface of the PET substrate
412. The first and second remote electrical connectors
are remote to the electrically conductive ITO coatings
410, 414 and the active layer 402.
[0104] The SPD film can be connected to a suitable
power supply via the first and second remote electrical
connectors 416, 418. Upon applying a sufficiently high
frequency alternating voltage between the remote elec-
trical connectors 416, 418, an electric field is applied
across the active layer such that a selective region of the
layer in between the electrically conductive coatings 410,
414 is switched.
[0105] The present invention has the advantage that
a selected region of a continuous SPD film may be
switched to the ON state, leaving another selected region
of the continuous SPD film in the OFF state. Additionally,
the present invention provides a method of producing a
graded transmission region in a continuous SPD film.
The position of the graded transmission region may be
movable within the film by selecting an appropriate range
of high frequencies for the alternating switching voltage.
[0106] It will be readily apparent to one skilled in the
art that, using the method of switching in accordance with
the first aspect of the invention, the electrically actuated
variable transmission layer may be incorporated into
glazing elements in ways that are known in the art. Ad-
ditionally, the glazing element may comprise glass or
plastic panes.
[0107] In the specific examples of the invention, rec-
tangular busbars are shown. However, one or more of
the busbars may be shaped such that a particular pattern
is created within the electrically actuated variable trans-
mission layer.
[0108] Although the specific examples described here-
in refer to glazings comprising a continuous SPD film, it
will be readily apparent to one skilled in the art that the
SPD film may be substituted for other electrically actuat-
ed variable light transmission materials, such as liquid
crystal containing films or films comprising organic light
emitting material or electronic ink.
[0109] The specific examples refer in particular to elec-
trically actuated, variable transmission layers that affect
the transmission of visible light. By careful choice of the
electrically actuated variable transmission material, the
transmission of other electromagnetic energy may be in-
fluenced, for example in the ultra violet or infra red regions
of the electromagnetic spectrum. The variable transmis-
sion may be due to absorption or scattering.
[0110] Furthermore, it will be readily apparent that the

present invention requires the generation of a sufficiently
high frequency alternating electric field across the elec-
trically actuated variable transmission layer. The specific
examples refer to an electrically actuated variable trans-
mission layer that has electrodes that cover the entire
major surfaces of the active layer, and wherein busbars
are directly connected to each electrode layer. An electric
field generator may be in direct electrical communication
with the electrodes via the busbars. However it is possible
for the electric field generator to be in indirect electrical
communication with the electrodes, for example by ca-
pacitive coupling. In this case, busbars may be deposited
on the protective layers that cover each of the electrodes,
thereby providing an indirect electrical connection be-
tween the busbar and the electrode. In addition, the
present invention may be carried out by adopting a re-
designed film structure that enables the utilisation of re-
mote electrical connections. A remote electrical connec-
tion is one that is not in contact with the active layer of
the switchable film to be driven by an electric field gen-
erator, i.e. an external power supply, and also not in con-
tact with the first and second electrodes. The remote elec-
trical connector enables an electric field to be projected
through the active layer, driving the switching process.
Such remote electrical connections may be capacitive in
nature.

Claims

1. A method of switching an SPD film (2, 81, 300, 400)
comprising an electrically actuated variable trans-
mission layer (5, 82, 302, 402), the layer being be-
tween a first electrode (6, 83, 304, 404) and a second
electrode (7, 84, 306, 406), wherein an alternating
electric field having a frequency greater than 1kHz
is applied between the first and second electrodes
such that a selective region of the layer in between
the first and second electrodes is switched (74, 77).

2. A method according to claim 1, wherein the selec-
tively switched region has graded transmission.

3. A method according any of the preceding claims,
wherein the frequency of the applied electric field is
greater than 10kHz, preferably at least 20kHz.

4. A method according to any preceding claim, wherein
the applied electric field is a substantially rectangular
waveform.

5. A method according to any preceding claim, wherein
the electric field is applied by a direct galvanic con-
nection to the first electrode and/or second elec-
trode.

6. A method according to any of the claims 1 to 4,
wherein the electric field is applied by at least one
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remote electrical connection that is remote to the first
electrode and second electrode.

7. Apparatus for use as a glazing pane, comprising a
sheet of glazing material (3, 4) and an SPD film (2)
comprising an electrically actuated variable trans-
mission layer (5) facing the sheet of glazing material,
the layer being sandwiched between a first electrode
(6) and a second electrode (7), and an electric field
generator (85) in electrical communication with the
electrodes characterised in that the electric field
generator is configured to produce an alternating
electric field of sufficient strength at a frequency
greater than 1kHz to switch a selected region of the
layer in between the first and second electrodes.

8. Apparatus according to claim 7, wherein the layer is
laminated between two sheets of glazing material.

9. Apparatus according to either of claims 7 or 8, where-
in the selected region has graded transmission.

10. Apparatus according to any of the claims 7 to 9,
wherein the electric field generator is able to gener-
ate an alternating electric field having a frequency
greater than 10kHz, more preferably greater than
20kHz.

11. Apparatus according to any of the claims 7 to 10,
wherein the electric field generator is in electrical
communication with the first and/or second electrode
via at least one direct galvanic connection thereto.

12. Apparatus according to any of the claims 7 to 11,
wherein the electric field generator is in electrical
communication with the first and/or second electrode
via at least one remote electrical connection that is
remote to the first electrode and second electrode.

13. Apparatus according to any of the claims 7 to 12,
wherein the glazing pane is a vehicle glazing pane,
preferably a windscreen or a sunroof, or a window
in a building.

14. A vehicle or a building comprising an apparatus ac-
cording to any of the claims 7 to 13.

Patentansprüche

1. Verfahren zum Schalten eines SPD-Films (2, 81,
300, 400), der eine elektrisch betätigte Schicht mit
variable Durchlässigkeit (5, 82, 302, 402) umfasst,
wobei die Schicht zwischen einer ersten Elektrode
(6, 83, 304, 404) und einer zweiten Elektrode (7, 84,
306, 406) angeordnet ist, wobei ein elektrisches
Wechselfeld, das eine Frequenz größer als 1 kHz
aufweist, zwischen der ersten und der zweiten Elek-

trode angelegt wird, so dass ein selektiver Bereich
der Schicht zwischen der ersten und der zweiten
Elektrode geschaltet wird (74, 77).

2. Verfahren nach Anspruch 1, wobei der selektiv ge-
schaltete Bereich eine abgestufte Durchlässigkeit
aufweist.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Frequenz des angelegten elektri-
schen Feldes größer als 10 kHz, vorzugsweise min-
destens 20 kHz ist.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das angelegte elektrische Feld eine im
Wesentlichen rechteckige Wellenform aufweist.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das elektrische Feld durch eine direkte
galvanische Verbindung mit der ersten Elektrode
und/oder zweiten Elektrode angelegt wird.

6. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das elektrische Feld durch mindestens eine entfern-
te elektrische Verbindung angelegt wird, die von der
ersten Elektrode und zweiten Elektrode entfernt ist.

7. Vorrichtung zur Verwendung als eine Verglasungs-
scheibe, die eine Platte aus Verglasungsmaterial (3,
4) und einen SPD-Film (2), der eine elektrisch betä-
tigte Schicht mit variabler Durchlässigkeit (5) um-
fasst, die der Platte aus Verglasungsmaterial gegen-
überliegt, wobei die Schicht zwischen einer ersten
Elektrode (6) und einer zweiten Elektrode (7) in
Sandwich-Form eingefügt ist, und einen Generator
zur Erzeugung eines elektrischen Feldes (85) in
elektrischer Verbindung mit den Elektroden umfasst,
dadurch gekennzeichnet, dass der Generator zur
Erzeugung eines elektrischen Feldes so konfiguriert
ist, dass er ein elektrisches Wechselfeld von ausrei-
chender Stärke bei einer Frequenz größer als 1 kHz
erzeugt, um einen selektierten Bereich der Schicht
zwischen der ersten und der zweiten Elektrode zu
schalten.

8. Vorrichtung nach Anspruch 7, wobei die Schicht zwi-
schen zwei Platten aus Verglasungsmaterial lami-
niert ist.

9. Vorrichtung nach Anspruch 7 oder 8, wobei der se-
lektierte Bereich eine abgestufte Durchlässigkeit
aufweist.

10. Vorrichtung nach einem der Ansprüche 7 bis 9, wo-
bei der Generator für die Erzeugung eines elektri-
schen Feldes imstande ist, ein elektrisches Wech-
selfeld zu erzeugen, das eine Frequenz größer als
10 kHz, bevorzugter größer als 20 kHz, aufweist.
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11. Vorrichtung nach einem der Ansprüche 7 bis 10, wo-
bei der Generator zur Erzeugung eines elektrischen
Feldes über mindestens eine direkte galvanische
Verbindung mit der ersten und/oder zweiten Elektro-
de in elektrischer Verbindung steht.

12. Vorrichtung nach einem der Ansprüche 7 bis 11, wo-
bei der Generator für die Erzeugung eines elektri-
schen Feldes mit der ersten und/oder zweiten Elek-
trode über mindestens eine entfernte elektrische
Verbindung, die entfernt zu der ersten Elektrode und
zweiten Elektrode ist, in elektrischer Verbindung
steht.

13. Vorrichtung nach einem der Ansprüche 7 bis 12, wo-
bei die Verglasungsscheibe eine Kraftfahrzeugver-
glasungsscheibe, vorzugsweise eine Windschutz-
scheibe oder ein Sonnendach, oder ein Fenster in
einem Gebäude ist.

14. Fahrzeug oder Gebäude, das eine Vorrichtung nach
einem der Ansprüche 7 bis 13 umfasst.

Revendications

1. Procédé de commutation d’un film SPD (2, 81, 300,
400) comprenant une couche à transmission varia-
ble par actionnement électrique (5, 82, 302, 402), la
couche se trouvant entre une première électrode (6,
83, 304, 404) et une deuxième électrode (7, 84, 306,
406), dans lequel un champ électrique alternatif
ayant une fréquence supérieure à 1 kHz est appliqué
entre les première et deuxième électrodes de ma-
nière qu’une région sélective de la couche entre les
première et deuxième électrodes soit commutée (74,
77).

2. Procédé selon la revendication 1, dans lequel la ré-
gion commutée de manière sélective a une trans-
mission progressive.

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la fréquence du champ
électrique appliqué est supérieure à 10 kHz, de pré-
férence supérieure à 20 kHz.

4. Procédé selon une revendication quelconque pré-
cédente, dans lequel le champ électrique appliqué
est une forme d’onde sensiblement rectangulaire.

5. Procédé selon une revendication quelconque pré-
cédente, dans lequel le champ électrique est appli-
qué par une connexion galvanique directe avec la
première électrode et/ou la deuxième électrode

6. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel le champ électrique est appliqué

par au moins une connexion électrique à distance
qui est éloignée de la première et la deuxième élec-
trode.

7. Appareil pour l’utilisation comme un vitrage, com-
prenant une feuille de matériau de vitrage (3, 4) et
un film SPD (2) comprenant une couche à transmis-
sion variable par actionnement électrique (5) faisant
face à la feuille de matériau de vitrage, la couche
étant prise en sandwich entre une première électro-
de (6) et une deuxième électrode (7), et un généra-
teur de champ électrique (85) en communication
électrique avec les électrodes, caractérisé en ce
que le générateur de champ électrique est configuré
pour produire un champ électrique alternatif d’une
intensité suffisante à une fréquence supérieure à 1
kHz pour commuter une région sélectionnée de la
couche entre les première et deuxième électrodes.

8. Appareil selon la revendication 7, dans lequel la cou-
che est stratifiée entre deux feuilles de matériau de
vitrage.

9. Appareil selon l’une ou l’autre des revendications 7
ou 8, dans lequel la région sélectionnée a une trans-
mission progressive.

10. Appareil selon l’une quelconque des revendications
7 à 9, dans lequel le générateur de champ électrique
est adapté pour générer un champ électrique alter-
natif ayant une fréquence supérieure à 10 kHz, de
préférence supérieure à 20 kHz.

11. Appareil selon l’une quelconque des revendications
7 à 10, dans lequel le générateur de champ électri-
que est en communication électrique avec la pre-
mière et/ou la deuxième électrode par l’intermédiaire
d’au moins une connexion galvanique directe avec
celle-ci.

12. Appareil selon l’une quelconque des revendications
7 à 11, dans lequel le générateur de champ électri-
que est en communication électrique avec la pre-
mière et/ou la deuxième électrode par l’intermédiaire
d’au moins une connexion électrique à distance qui
est éloignée de la première électrode et la deuxième
électrode.

13. Appareil selon l’une quelconque des revendications
7 à 12, dans lequel le vitrage est un vitrage de véhi-
cule, de préférence un pare-brise ou un toit ouvrant,
ou une fenêtre dans un bâtiment.

14. Véhicule ou bâtiment comprenant un appareil selon
l’une quelconque des revendications 7 à 13.
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