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Radiant energy-flow control and privacy control are two important features for smart windows (or
glass). Current smart window technologies can, however, only control one of them: radiant energy flow or
privacy. Therefore, a dual-mode smart window is highly desirable. Here, we report a dual-mode switchable
liquid-crystal window that can control both radiant energy flow and privacy. The switchable liquid-crystal
window makes use of dielectric and flexoelectric effects. In the absence of an applied voltage, the window
is clear and transparent, and radiant energy can flow through it and the scenery behind the window can
be seen. When a low-frequency (50 Hz) voltage is applied, the window is switched to an optical scatter-
ing and absorbing state by a flexoelectric effect, and thus, privacy is protected. When a high-frequency
(1 kHz) voltage is applied, the window is switched to an optical absorbing but nonscattering state through
a dielectric effect, and thus, radiant energy flow is controlled.
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I. INTRODUCTION

Switchable smart windows (or glass) are important due
to their applications in architecture, vehicles, eyeglasses,
and various types of displays [1–5]. The functions of
smart windows are radiant energy-flow control, privacy
protection, or simply aesthetic. In radiant energy-flow con-
trol (visible- and near-infrared-light wavelength regions)
applications, in one state, the window is transparent and
allows radiant energy to flow through it; in another state,
the window is absorbing (or reflecting) and reduces the
radiant energy flow, but the scenery behind can be seen
(the image is not distorted). By reducing radiant energy
flow through windows, buildings and cars can be kept
cooler on hot summer days. In privacy control (visible-
light wavelength region) applications, in one state, the
window is transparent and the scenery behind the window
can be seen; in another state, the window is opaque (or
frosted) and the scenery behind cannot be seen (the image
is completely distorted), but radiant energy may still flow
through. Notably, in radiant energy-flow control mode,
if the transmittance is low enough, the window becomes
black, and then it can also control privacy.

Depending on the active materials used, currently, smart
window technologies can be categorized into three types:
suspended particles [6], electrochromics [7–9], and liquid
crystals [10]. Both suspended particle and electrochromic
smart windows can only control radiant energy flow.
Meanwhile, switching is slow, the contrast ratio may not
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be high, and the optical performance may be dependent on
wavelength.

In the last couple of decades, liquid crystals (LCs) have
been intensively studied for switchable smart windows.
The competing technologies are polymer-dispersed liquid
crystals (PDLCs), polymer-stabilized cholesteric textures
(PSCTs), cholesteric liquid crystals, and dichroic dye-
based guest-host liquid crystals. In a PDLC, nematic LC
droplets are dispersed in an isotropic polymer [11–17].
When no voltage is applied, the orientation of the LC
droplets is random and the effective refractive index of
the LC droplets is not matched to that of the polymer;
the material is scattering. When a voltage is applied, the
LC droplets are aligned unidirectionally and the effective
refractive index of the LC droplets matches that of the
polymer; the material becomes transparent. In a PSCT,
a small amount of polymer network is dispersed in a
cholesteric LC [18–23]. When no voltage is applied, the
LC is in a polydomain structure; the effective refractive
index changes from one domain to another and the mate-
rial is scattering. When a voltage is applied, the LC is
unidirectionally aligned and forms a single domain, so
the material becomes transparent. PDLCs and PSCTs can
control privacy. A cholesteric liquid crystal possesses a
periodic helical structure [24–30]. When no voltage is
applied, the LC selectively reflects light in the wavelength
region from λ1 = noP to λ2 = neP, where P is the helical
pitch of the LC and no and ne are ordinary and extraor-
dinary refractive indices, respectively, of the LC. When a
sufficiently high voltage is applied, the helical structure is
unwound and the material becomes transparent. For most
cholesteric LCs, the reflection bandwidth is about 50 nm.
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To cover the visible- and near-infrared-light wavelength
regions, a gradient of the helical pitch is required; this
can be achieved by using polymer stabilization [31–34].
Therefore, cholesteric LCs can control radiant energy flow
in visible- and near-infrared wavelength regions. Guest-
host liquid crystals contain dichroic absorbing dyes, which
are also elongated molecules [35–38]. When no voltage is
applied, the LC and dye are parallel to the cell substrate,
and thus, are parallel to the polarization of incident light;
the materials are optically absorbing. When a voltage is
applied, the LC and dye are aligned perpendicular to the
cell substrate, and thus, perpendicular to the polarization of
incident light; the material is transparent. For most dichroic
dyes, the absorbing band can only cover the visible-light
wavelength region. Therefore, they can also control radiant
energy flow in this region. For all technologies mentioned
above, the materials can be switched from one state to the
other state by applying voltages. They all suffer from the
drawback that they have only one function: either radiant
energy-flow control or privacy control.

Here, we report liquid-crystal technology for switchable
smart windows. It can be operated in dual mode to control
both radiant energy flow and privacy. It contains a dichroic
dye and LC dimers and exhibits both dielectric and flex-
oelectric effects. Liquid-crystal molecules usually have
permanent dipoles, but they do not exhibit spontaneous
polarization in a uniformly aligned state because of the
equal probability for the dipoles to point in one direction
and in the opposite direction. They are anisotropic dielec-
tric media and their directions can be changed by exter-
nally applied electric fields under dielectric interactions.
The dielectric interaction energy is given by

fdielectric = −1
2
εo�ε(�E · �n)2, (1)

which is not sensitive to the polarity of the electric field, �E,
where �ε is the dielectric anisotropy and �n is the liquid-
crystal director. However, if the liquid-crystal molecules
do not have a perfect cylindrical shape, but are either bent
or pear-shaped, when their orientation is not uniform in
space, their dipoles may point in the same direction, and
then a spontaneous polarization is produced and is given
by [39–42]

�Pflexoelectric = es(�n∇ · �n) + eb(�n × ∇ × �n), (2)

where es and eb are the splay and bent flexoelectric
coefficients, respectively. Liquid crystals consisting of
pear-shaped molecules are expected to have large splay
flexoelectric coefficients. Liquid crystals consisting of bent
molecules are expected to have large bent flexoelectric

coefficients. The interaction of polarization and the exter-
nally applied electric field, �E, is described by [43,44]

fflexoelectric = −�Pflexoelectric · �E = −[es(�n∇ · �n)

+ eb(�n × ∇ × �n)]�E, (3)

which is sensitive to the polarity of the applied electric
field, namely, the polarity of the applied voltage. The ori-
entation of the liquid crystal is determined by both the
dielectric effect and the flexoelectric effect.

In this new smart window, when no voltage is applied,
the LC material is in a uniform state and is transparent, and
radiant energy can flow through, so that scenery behind
the LC window can be seen. When a low-frequency volt-
age is applied, the LC is switched to a polydomain state
under the influence of the flexoelectric effect. The LC
window strongly scatters and weakly absorbs light. When
a high-frequency voltage is applied, the LC is switched
to a uniform absorbing state under the influence of the
dielectric effect. The LC absorbs, but does not scatter, light.

II. OPERATION PRINCIPLES

In our newly designed LC window, the LC should have
a small negative dielectric anisotropy (�ε < 0) and a
large flexoelectric coefficient. It is also doped with a small
amount of a black dichroic dye. The mixture is filled in
a cell with a homeotropic alignment. In the absence of
an applied voltage, the LC is in the homeotropic state,
as shown in Fig. 1(a), where the orientation of the LC is
uniform and the material does not scatter light. Further-
more, the doped dye molecules are also in the homeotropic
state and exhibit little absorption (the weak absorption is
caused by the imperfect orientational ordering of the dye
molecules due to thermal motion); therefore, the material
is transparent. When a voltage is applied across the cell, the
LC may reorient. The response of the LC depends on the
frequency and amplitude of the applied voltage. Because
the LC has nonzero dielectric anisotropy and flexoelec-
tric coefficient, there are both dielectric and flexoelectric
interactions. The dielectric interaction is insensitive to
the polarity of the applied voltage, while the flexoelec-
tric interaction is sensitive to the polarity of the applied
voltage. When a low-frequency ac voltage is applied, the
flexoelectric interaction is dominant in determining the
reorientation of the LC, if the dielectric anisotropy is small
and the flexoelectric coefficient is large. When a high-
frequency ac voltage is applied, the flexoelectric interac-
tion does not affect the reorientation of the LC because of
the limited response speed of the LC.

We first consider the reorientation of the LC under a
high-frequency voltage, where only the dielectric inter-
action is important. The electric field generated by the
applied voltage is in the cell surface normal direction (the
z direction): �E = Eẑ. The dielectric interaction energy is
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(a)

(b)

(c)

FIG. 1. Schematic diagram of the dual-mode
smart window.

given by Eq. (1). The LC tends to align orthogonal to the
electric field because of its negative dielectric anisotropy.
When the LC reorients, its orientation will vary along the z
direction because of the alignment layer. The nonuniform
LC orientation produces an elastic energy, which disfa-
vors reorientation. To induce reorientation of the LC, the
applied voltage must be high enough that the decrease in
the dielectric energy can compensate for the increase in
the elastic energy. This electric-field-induced reorientation
is known as a Fréedericksz transition and the threshold
voltage for the transition is given by [45]

Vth = π
√

K33/εo|�ε|, (4)

where K33 is the bent elastic constant. When a voltage
higher than the threshold voltage (Vth) is applied, the LC is
switched to the homogeneous state, as shown in Fig. 1(c),
where the LC is parallel to the cell surface. The doped
dye molecules become parallel to the cell substrate (in
the x direction) and will absorb incident light with polar-
ization in the x direction; therefore, the material becomes
absorbing.

Now we consider reorientation of the LC under a low-
frequency voltage. If the response time of the liquid crystal
is τ , the frequency should be lower than 1/2τ . When
the applied voltage is lower than Vth, the LC orientation
is uniform and there is only dielectric interaction. When
the applied voltage is higher than Vth, the LC orientation
becomes nonuniform. A spontaneous electric polarization
is induced and the flexoelectric interaction arises. The LC
is switched to the striped state, as shown in Fig. 1(b). The
flexoelectric interaction is much stronger than the dielec-
tric interaction. We can neglect the dielectric interaction
because of the small dielectric anisotropy. As an approxi-
mation, we also neglect the variation of the LC director in

the z direction. The LC director is given by

nx = sin(kx), ny = 0, nz = cos(kx), (5)

where the wavevector is k = 2π/λ and λ/2 is the width of
the stripe. The induced electric polarization is given by

�Pflexoelectric = es[�n(∇ · �n)] + eb[�n × (∇ × �n)]

= esk cos(kx)[sin(kx)x̂ + cos(kx)ẑ]

+ ebk sin(kx)[− cos(kx)x̂ + sin(kx)ẑ], (6)

where es and eb are the splay and bent flexoelectric coeffi-
cients, respectively. The flexoelectric interaction energy is
given by

fflexoelectric = −�E · �Pflexoelectric

= −[escos2(kx) + ebsin2(kx)]Ek. (7)

The elastic energy is given by

felastic = 1
2

K11(∇ · �n)2 + 1
2

K33(�n × ∇ × �n)2

= 1
2

k2[K11cos2(kx) + K33sin2(kx)]. (8)

The average (averaged over one stripe in the x direction)
free energy density is

f̄ = 〈felastic + fflexoelectric〉

= 1
4

k2(K11 + K33) − 1
2
(eb + es)Ek. (9)
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We minimize the average free energy density with respect
to the wavevector k,

∂ f̄
∂k

= 1
2

k(K11 + K33) − 1
2
(eb + es)E

let= 0.

to get

k = (eb + es)E
(K11 + K33)

. (10)

The width of the stripe is

W = λ

2
= π

k
= π(K11 + K33)

(eb + es)E
= π(K11 + K33)d

(eb + es)V
, (11)

where V is the applied voltage and d is the cell thickness.
The width of the flexoelectric stripe is inversely propor-
tional to the applied voltage V. The cell has a homeotropic
alignment layer. There is no preferred direction for the
stripes. Therefore, the stripes wiggle in the xy plane. Fur-
thermore, when the applied voltage changes polarity, the
LC director flips. Therefore, a polydomain structure is
formed and the material becomes optically scattering.

III. EXPERIMENTAL RESULTS

To achieve a good performance, the liquid crystal
should have the following properties: (1) a small neg-
ative dielectric anisotropy that can make the LC reori-
ent to parallel to the cell substrate, when a voltage is
applied, but does not suppress the flexoelectric effect,
when a low-frequency voltage is applied, and (2) a large
flexoelectric coefficient that can produce the flexoelec-
tric stripe under a low voltage. After trial and error,
we make a liquid-crystal mixture that has the desired
properties. It consists of 10.0 wt % nematic liquid crys-
tal, MAT978 (Merck); 64.0 wt % nematic liquid crys-
tal, ZLI4330; 12.3 wt % liquid-crystal dimer, CB7CB;
12.2 wt % liquid-crystal dimer, CB9CB; and 1.5 wt %
black dichroic dye. MAT978 has a dielectric anisotropy of
−4.0. ZLI4330 has a dielectric anisotropy of −1.9. The
dimers have a dielectric anisotropy of about +2.0 [46].
The dielectric anisotropy of the mixture is measured to
be −0.3. Under dielectric interactions, the LC tends to
align perpendicularly to externally applied electric fields.
The dimers have bent molecular shapes and are known to
exhibit large flexoelectric effects [47–51]. The LC is filled
in cells assembled from two parallel glass plates with an
ITO coating (electrode). The inner surfaces of the cells are
coated with polyimide, SE1211 (Nissan Chemical), which
generates a homeotropic alignment of the LC. The align-
ment layer is prebaked at 80 °C for 30 s, followed by a hard
baking process at 180 °C for 1 h. It is also mechanically
rubbed to generate a small (less than 1°) pretilt angle. The
small pretilt angle can guide the initial rotation of the LC,

but cannot control the direction of the flexoelectric stripe.
The cell gap is controlled by 10 µm glass fibers.

We first study the response of the material to applied
voltages under a polarizing optical microscope with
crossed polarizers (Fig. 2). In the absence of an applied
voltage, the LC is in the homeotropic state. The texture
of the cell in the dark is shown in Fig. 2(a). When an ac
voltage with a frequency of 1 kHz is applied, only the
dielectric interaction plays a role in reorientation of the
LC. The splay elastic constant, K11, of ZLI4330 is 10 pN.
We do not measure the elastic constant of the mixture. As
an approximation, we use the elastic constant of ZLI4330.
Using Eq. (4), the threshold voltage, Vth, is calculated to
be 6.1 V. Experimentally, we find that the threshold volt-
age is 6.5 V. When the applied voltage is below 6.5 V, the
state of the LC remains unchanged. When the applied volt-
age is increased above the threshold, the LC starts to tilt
toward the direction parallel to the cell substrate. The LC
exhibits optical retardation and rotates the polarization of
the incident light, so the cell becomes brighter. The tex-
ture of the cell under 10 and 20 V is shown in Figs. 2(b)
and 2(c), respectively. The texture is uniform and there is
no light scattering. When an ac voltage with a frequency
of 50 Hz is applied, the flexoelectric interaction dominates
in reorienting the LC. When 10 V is applied, the LC is
switched to the striped state, as shown in Fig. 2(d). The
directions of the stripes are random and there is light scat-
tering. When the applied voltage is increased, the width of
the stripe decreases, as shown in Figs. 2(e)–2(g), and the
scattering becomes stronger.

It is known that electroconvection can also induce a peri-
odic striped structure (Williams domain) in liquid crystals
with negative anisotropies, high ion density, and positive
conductivity anisotropy [52–54]. The dimers used in our
experiment are highly purified. We measure the resistiv-
ity of the LC used in our experiment and obtain a value of
3 × 108 � · m under a voltage of 1 V/1 kHz. The resistivity
is high and it is unlikely to exhibit the electroconvection
effect. Furthermore, in cells with homogeneous boundary
conditions, the stripes induced through the electrocon-
vection effect are usually perpendicular to the surface
alignment direction; on the contrary, the stripe induced by
flexoelectric effect is parallel to the alignment direction.
To check whether the observed striped structure is induced
by the flexoelectric effect or electroconvection effect, we
make a liquid crystal consisting of 9.3 wt % nematic liquid
crystal, MAT978 (Merck); 60.7 wt % nematic liquid crys-
tal, ZLI4330; 15.0 wt % liquid-crystal dimer, CB7CB; and
15.0 wt % liquid-crystal dimer, CB9CB. This liquid crys-
tal is filled in a cell with inner surfaces coated by the
alignment material PI2170 (Nissan Chemicals), which is
baked and rubbed for homogeneous alignment of the liq-
uid crystals. The cell thickness is controlled by two micron
spacers. Voltages of various amplitudes and frequencies
are applied to the cell to study the striped structure. The
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FIG. 2. Optical microphotographs of
the LC cell with homeotropic alignment
layer under various voltages and frequen-
cies. Scale bars are 100 µm.

cell is studied under a polarizing optical microscope and
the results are shown in Fig. 3. When no voltage is applied,
the LC is in the homogeneous state. When the applied volt-
age is 5 V/0 Hz, the LC is switched to the striped state with
the texture shown in Fig. 3(a). The stripes are in the same
direction, parallel to the alignment layer rubbing direction,
throughout the cell. When the applied voltage is increased,
the periodicity decreases, but the direction of the stripes
remains parallel to the alignment-layer rubbing direction,
as shown in Figs. 3(b) and 3(c). When the applied volt-
age is 8 V/20 Hz, the striped structure is also observed,
as shown in Fig. 3(d). When the frequency of the applied
voltage is increased to 50 Hz, the directions of the stripes
become more or less random. This result, that the stripe is
parallel to the alignment direction under an applied voltage
with low frequencies, indicates that the striped state in the
cell is induced by the flexoelectric effect; this agrees with
the results reported by Krishnamurthy et al. [53].

The scattering effect of the LC in the striped structure
depends on the LC domain size, which is about the same
as that of the width of the flexoelectric stripe. As shown by
Eq. (11), the width of the stripe is controlled by the applied
voltage. We measure the stripe widths at various applied
voltages (Fig. 4). The width decreases with increasing
applied voltage. The width versus the inversion of the

applied voltage is approximately linear, which agrees well
with the prediction by Eq. (11).

We then quantitatively measure the electro-optical
response of the LC. In the measurements, a He–Ne green
laser with a wavelength of 542 nm is used. The light is
unpolarized and normally incident on the LC cell. The
detector is a photodiode with a collection angle of 4°.

5 V/0 Hz

A

P

Rubbing 
6 V/0 Hz

7 V/0 Hz

50 mm

8 V/20 Hz

(a) (b)

(c) (d)

FIG. 3. Optical microphotographs of the LC cell with homo-
geneous alignment layer under various voltages and frequencies.
Scale bars are 50 µm.
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FIG. 4. Stripe width versus inversion of the applied voltage.
The frequency of the applied voltage is 0 Hz. The line is a guide
to the eye.

When the frequency of the applied voltage is 1 kHz, the
result is shown by curve (a) in Fig. 5. Under this fre-
quency, there is only a dielectric effect and no flexoelectric
effect. There is no light scattering. The change in transmit-
tance is due to the change of the absorption of the doped
dye molecules. When the applied voltage is zero, the LC
is in the homeotropic state and the transmittance is 65%.
Light loss is caused by the residual absorption of the dye
because the dye molecules are not exactly aligned along
the cell normal direction due to thermal motion. When the
applied voltage is increased above 6.5 V (the threshold
voltage), the LC starts to tilt away from the cell normal
and the material becomes more absorbing. Therefore, the
transmittance begins to decrease. When the applied voltage
is increased to 20 V, the transmittance reaches the mini-
mum value of 36%. This minimum value is not very low
because, when the LC molecules reorient, they are on the
xz plane, as shown in Fig. 1(c), and only absorb incident
light with polarization in the x direction. When the fre-
quency of the applied voltage is 50 Hz, the result is shown
by curve (b) in Fig. 5. For applied voltages below 10 V,
the voltage dependence of the transmittance is the same as
that when the frequency is 1 kHz because the LC direc-
tor configuration is uniform and there are no flexoelectric
stripes. When the applied voltage is increased above 10 V,
the flexoelectric stripes begin to form and the material
becomes scattering due to the flexoelectric interaction. The
transmittance decreases more dramatically with increasing
applied voltage. When the applied voltage is increased to
35 V, the transmittance reaches a minimum value of 0.5%.
Notably, the low transmittance is due to some absorption
caused by the dye molecules and scattering caused by the

(a)

(b)

FIG. 5. Transmittance of the cell as a function applied volt-
age with two different frequencies: (a) 1 kHz and (b) 50 Hz. The
wavelength of light used in measurements is 542 nm.

flexoelectric domains. Most of the scattered light is still in
the forward direction [55].

The unpolarized incident light can be decomposed into
two polarization components that are linearly polarized in
two orthogonal directions. In the single-cell design dis-
cussed in the above paragraph, transmission modulation of
the radiant energy-flow control mode (absorption mode)
is small because the LC absorbs only one component of
the incident light. To increase the modulation capability
of transmittance of the absorption mode, we stack two LC
cells with rubbing directions that are orthogonal to each
other, such that both polarization components of the inci-
dent light are absorbed. The transmittance of the double
cell as a function of applied voltage is shown in Fig. 6.
In the voltage off state, the transmittance is 42%, which
equals 0.65 × 0.65. When a voltage with 1 kHz frequency
is applied, in one cell, the LC is rotated to the x direction
to absorb the component of the incident light polarized
in the x direction; in the other cell, the LC is rotated to
the y direction to absorb the component of the incident
light polarized in the y direction. The unpolarized incident
light is absorbed more, as shown by curve (a) in Fig. 6.
The minimum transmittance at 20 V becomes 3.8%. When
the frequency of the applied voltage is changed to 50 Hz,
the voltage dependence of the transmittance is shown by
curve (b) in Fig. 6. The scattering of the double cell is also
stronger than that in the single cell.

We also measure the transmission spectrum in the
visible-light region of the LC cells under various applied
voltages (Fig. 7). When no voltage is applied, the transmit-
tance is high over the entire visible-light region, as shown
by curve (b) in Fig. 7. When a voltage of 20 V/1 kHz
is applied, the transmittance decreases significantly, as
shown by curve (c) in Fig. 7, due to the absorption of the
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(a)

(b)

FIG. 6. Transmittance of the double cell as a function applied
voltage with two different frequencies: (a) 1 kHz and (b) 50 Hz.
The wavelength of light used in measurements is 542 nm.

dye. The spectra have a small dependence on the wave-
length due to the wavelength-dependence absorption of the
dichroic dye. The absorption of the dye becomes weaker
for light with a wavelength longer than 650 nm. Above that
wavelength, the transmittance increases with wavelength,
as shown by curves (b) and (c) in Fig. 7. When a voltage of
40 V/50 Hz is applied, the transmittance becomes very low,
as shown by curve (d) in Fig. 7. Scattering remains strong
for light with a wavelength longer than 650 nm. Notably,
when light is scattered, it is not absorbed, but deflected
away from the original propagation direction.

Photographs of the (double cell) dual-mode switchable
window are shown in Fig. 8. A Kent State University logo
is placed behind the window. The distance between the

(a)

(b)

(c) (d)

FIG. 7. Transmission spectra of the cells under various applied
voltages: (a) a single cell at 0 V, (b) a double cell at 0 V, (c) a
double cell at 20 V/1 kHz, and (d) a double cell at 40 V/50 Hz.

(a) (b)

(c) (d)

FIG. 8. Photographs of the dual-mode double-cell liquid-
crystal switchable window under various applied voltages:
(a) 0 V, (b) 20 V/1 kHz, (c) 20 V/50 Hz, and (d) 40 V/50 Hz.

logo and the LC layer is about 5 mm. When no voltage is
applied, the window is transparent with high transmittance
and without haze, as shown in Fig. 8(a), so the logo can be
seen. When a voltage of 20 V with a frequency of 1 kHz
is applied, the transmittance of the window decreases, but
the haze remains low, as shown in Fig. 8(b). The image of
the logo is not distorted, and thus, can still be seen. When
a voltage of 20 V with a frequency of 50 Hz is applied,
the window becomes opaque, as shown in Fig. 8(c) so the
image of the logo is frosted. When the voltage is increased
to 40 V, scattering is increased and the logo cannot be seen,
as shown in Fig. 8(d).

IV. CONCLUSION

We develop a dual-mode switchable liquid-crystal win-
dow that can control both radiant energy flow and pri-
vacy. The modes are selected by using different voltage
frequencies. A dichroic dye is doped to enable modula-
tion of transmission of the window. In the absence of an
applied voltage, the window is transparent without haze.
When a high-frequency (1 kHz) voltage is applied, the
LC and doped dye molecules inside the window reori-
ent uniformly under dielectric interactions. The material
becomes optically absorbing. The transmittance decreases,
but the haze does not change. In this mode, the window
can control radiant energy flow through the window. When
a low-frequency (50 Hz) voltage is applied, the LC and
doped dye molecules are switched into a micron-sized
polydomain structure under flexoelectric interactions. The
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material becomes optically scattering and absorbing. The
scenery behind the window is blocked. In this mode,
privacy can be controlled. This dual-mode switchable win-
dow is suitable for architectural and automobile windows.
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