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(57) ABSTRACT

A liquid crystal (LC) lens structure and a method of driving
same are disclosed. The LC lens structure includes an upper
substrate, a lower substrate, a liquid crystal and polymer
composite film, and an LC layer. The upper substrate is pro-
vided with a first conducive layer and a first alignment layer;
and the lower substrate is provided with a second conductive
layer and a second alignment layer. The liquid crystal and
polymer composite film is arranged at one side of the first
alignment layer to form a first lens, and the LC layer is
arranged between the liquid crystal and polymer composite
film and the second alignment layer to form a second lens. By
building the liquid crystal and polymer composite film in the
LC lens structure, it is able to realize an LC lens with low
operating voltage and large focusing range.
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LIQUID CRYSTAL LENS STRUCTURE AND
METHOD OF DRIVING SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal (LC)
lens structure and a method of driving same, and more par-
ticularly to a LC lens structure having an built-in liquid crys-
tal and polymer composite film (LCPCF) and to a method of
driving same.

BACKGROUND OF THE INVENTION

[0002] Cameras, mobile phone cameras and 3D-image pro-
cessing devices often utilize a zoom lens to automatically
focus, enlarge or reduce an image, so as to obtain a desired
image. Conventionally, a zoom lens has multiple lens groups.
These lens groups move along an optical axis of the lens to
thereby change the spaces among them and accordingly, the
overall focal length of the lens without affecting the imaging
distance thereof. However, this type of lens needs relatively
long lens group movement distance, and the movement dis-
tances of the lens groups are not in a linear relationship.
Therefore, the zoom lens has difficulties in the structural
design and control precision thereof, and has high manufac-
turing cost that could not be easily lowered. Currently, a
liquid lens or liquid crystal lens (LC lens) has been used to
improve the movement distances of lens groups in order to
obtain reduced camera size.

[0003] According to the general principle of liquid lens, the
liquid lens includes a tunable liquid-filled lens and a solid
lens. By changing the shape of the liquid-filled lens to be a
biconvex lens or a biconcave lens, or by using filling media of
different refractive indexes, it is able to tune the focal length
of the lens and achieve the purpose of zooming. Or, by using
the liquid crystal-filled lens and changing the refractive index
of the liquid crystal with an applied electric field, an electri-
cally tunable-focus L.C lens can be realized, such as the LC
lens revealed in Susumu Sato: “Liquid-crystal Lens-cells
with Variable Focal Length”, Japanese Journal of Applied
Physics, published on Mar. 12, 1979.

[0004] Another prior art optical element is disclosed in
US2007/0139333, which includes a first substrate having a
first electrode, a second substrate, a second electrode
arranged outside the second substrate and having a hole, and
a liquid crystal layer provided between the first and the sec-
ond substrate. The first electrode and the second electrode are
electrically connected to each other. By applying a voltage to
the liquid crystal layer, it is able to change an orientation of
liquid crystal molecules in the liquid crystal layer. Further, a
dielectric layer and a third electrode are arranged on the
second substrate. With the third electrode, it is able to regulate
image quality and tune lens focal length. However, the optical
element disclosed in US2007/0139333 has the following dis-
advantages:

[0005] (1) Having complicated structure to increase the
manufacturing cost thereof; and

[0006] (2) Requiring high driving voltage to thereby
increase the driving circuit cost and power consumption
thereof.

SUMMARY OF THE INVENTION

[0007] A primary object of the present invention is to pro-
vide a liquid crystal (LC) lens structure and a method of
driving same, so as to overcome the problems in the prior art
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LC lenses, such as complicated electrode design, high oper-
ating voltage, large volume and thickness, and lower the
shortest focal length.

[0008] To achieve the above and other objects, the LC lens
structure according to the present invention includes an upper
substrate, a lower substrate, a liquid crystal and polymer
composite film, and an LC layer. The upper substrate is pro-
vided with a first conductive layer and a first alignment layer;
the first conductive layer is located at one side of the upper
substrate, and the first alignment layer is located at one side of
the first conductive layer opposite to the upper substrate. The
lower substrate is provided with a second conductive layer
and a second alignment layer; the second conductive layer is
located at one side of the lower substrate, and the second
alignment layer is located at one side of the second conduc-
tive layer opposite to the lower substrate. The liquid crystal
and polymer composite film is arranged at one side of the first
alignment layer opposite to the first conductive layer to form
a first lens; and the liquid crystal (LC) layer is arranged
between the liquid crystal and polymer composite film and
the second alignment layer to form a second lens.

[0009] According to the present invention, the liquid crys-
tal and polymer composite film is formed of liquid crystal and
monomers of a polymer, and the liquid crystal and polymer
composite film is a birefringent film.

[0010] According to the present invention, the first conduc-
tive layer is formed with a hole having a diameter of 2 mm, so
that the liquid crystal and polymer composite film has equiva-
lent refractive index and dielectric constant distributed in
circular symmetry due to a non-uniform electric field distri-
bution during manufacturing of the LC lens structure. The
liquid crystal and polymer composite film within the hole has
relatively smaller dielectric constant and relatively larger
equivalent refractive index, while the liquid crystal and poly-
mer composite film surrounding the hole has relatively larger
dielectric constant and relatively smaller equivalent refractive
index.

[0011] According to the present invention, the liquid crys-
tal and polymer composite film can have uniform dielectric
constant distribution or non-uniform dielectric constant dis-
tribution.

[0012] According to the present invention, the first lens can
be a positive lens or a negative lens.

[0013] TheLC lens structure of the present invention can be
applied in a mini projector, a mobile phone camera system,
eye glasses, or any portable device requiring an electrically
tunable-focus element.

[0014] According to an embodiment of the present inven-
tion, the LC lens structure has an operating voltage range
from 15 Vrms to 35 Vrms.

[0015] To achieve the above and other objects, the driving
method according to the present invention is used to drive an
LC lens structure and includes the following steps: providing
a first operating voltage; and switching the first operating
voltage to a second operating voltage.

[0016] According to an embodiment of the driving method,
the first operating voltage is 15 Vrms and the second operat-
ing voltage is 35 Vrms. Thus, the operating voltage applied
across the LC lens structure can be switched from 15 Virus to
35 Vrms.

[0017] According to another embodiment of the driving
method, the first operating voltage is 35 Vrms and the second
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operating voltage is 15 Vrms. Thus, the operating voltage
applied across the LC lens structure can be switched from 35
Vrms to 15 Vrms.

[0018] According to the present invention, the driving
method further includes a step of switching the second oper-
ating voltage to a third operating voltage. Thus, the operating
voltage applied across the LC lens structure can be switched
from 15 Vrms to 55 Vrms, and then switched from 55 Vrms to
35 Vrms. Alternatively, the operating voltage applied across
the LC lens structure can be switched from 35 Vrms to 0
Vrms, and then switched from 0 Vrms to 15 Vrms.

[0019] With the above arrangements, the LC lens structure
and method of driving same according to the present inven-
tion provides one or more of the following advantages:
[0020] (1) The LC lens structure has simple structure and
can be driven using one single operating voltage via the
driving method,

[0021] (2) The LC lens structure uses a liquid crystal and
polymer composite film to replace glass, so as to reduce the
divided voltage at non-LC layers and can therefore have a
relatively low operating voltage;

[0022] (3) The LC lens structure has simple overall struc-
ture and small thickness; and

[0023] (4) The LClens structure can use a polymeric film to
produce different initial focal length for tuning focal range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0025] FIG. 1 is a conceptual view of a liquid crystal (L.C)
lens structure according to a first embodiment of the present
mvention;

[0026] FIG. 2 is a conceptual view of an L.C lens structure
according to a second embodiment of the present invention;
[0027] FIG.3aisaconceptual view showing a first embodi-
ment of a liquid crystal and polymer composite film used in
the LC lens structure of the present invention;

[0028] FIG. 35 is a conceptual view showing a second
embodiment of the liquid crystal and polymer composite film
used in the LC lens structure of the present invention;
[0029] FIG. 3¢ is a conceptual view showing a third
embodiment of the liquid crystal and polymer composite film
used in the LC lens structure of the present invention;
[0030] FIG. 4a shows the LC lens structure of the present
invention with no applied voltage;

[0031] FIG. 45 shows the LC lens structure of the present
invention with applied voltage;

[0032] FIG. 5a is a structural diagram showing the appli-
cation of the LC lens structure of the present invention in a
compact camera module;

[0033] FIG. 55 is a graph showing a relation between an
object distance and a voltage applied across the L.C lens
structure of the present invention when the LC lens structure
1s applied in the compact camera module and arranged at an
object side;

[0034] FIG. 6a is a structural diagram showing the appli-
cation of the LC lens structure of the present invention in a
mini projector;

[0035] FIG. 6b is a graph showing a relation between an
image distance and a voltage applied across the LC lens
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structure of the present invention when the LC lens structure
is applied in the mini projector and arranged at an image side;
[0036] FIG. 7isa flowchart showing the steps includedin a
method of driving an LC lens structure according to the
present invention;

[0037] FIG. 8 is a graph showing a first embodiment of the
driving method according to the present invention;

[0038] FIG. 9 is a graph showing a second embodiment of
the driving method according to the present invention;
[0039] FIG. 10 is a graph showing a third embodiment of
the driving method according to the present invention; and
[0040] FIG. 11 is a graph showing a fourth embodiment of
the driving method according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] The present invention will now be described with
some preferred embodiments thereof and with reference to
the accompanying drawings. For the purpose of easy to
understand, elements that are the same in the preferred
embodiments are denoted by the same reference numerals.
Please refer to FIG. 1 that is a conceptual view of a liquid
crystal (LC) lens structure according to a first embodiment of
the present invention. As shown, the LC lens structure is
generally denoted by reference numeral 1, and includes an
upper substrate 11, a lower substrate 12, a liquid crystal and
polymer composite film 13, and a liquid crystal (LC) layer 14.
[0042] The upper substrate 11 can have a first conductive
layer 111 and a first alignment layer 112 provided thereon.
The first conductive layer 111 is located at one side of the
upper substrate 11, and the first alignment layer 112 is located
at one side of the first conductive layer 111 opposite to the
upper substrate 11. Similarly, the lower substrate 12 can have
a second conductive layer 121 and a second alignment layer
122 provided thereon. The second conductive layer 121 is
located at one side of the lower substrate 12, and the second
alignment layer 122 is located at one side of the second
conductive layer 121 opposite to the lower substrate 12.
According to the present invention, the upper substrate 11 and
the lower substrate 12 can be two glass substrates, on each of
which an indium tin oxide (ITO) layer can be coated so as to
serve as the first conductive layer 111 on the upper substrate
11 and the second conductive layer 121 on the lower substrate
12.

[0043] The liquid crystal and polymer composite film 13
can be formed of liquid crystal and monomers of a polymer,
and is a birefringent film. The liquid crystal and polymer
composite film 13 is provided at one side of the first alignment
layer 112 opposite to the first conductive layer 111, and has
equivalent refractive index and dielectric constant distributed
in circular symmetry. Therefore, the liquid crystal and poly-
mer composite film 13 can form a first lens due to its refractive
index distribution and has an initial focal length. In other
words, the first lens can be a positive lens or a negative lens
depending on its refractive index distribution.

[0044] TheLClayer 14 islocated between the liquid crystal
and polymer composite film 13 and the second alignment
layer 122, and forms a second lens also due to its refractive
index distribution and has a focal length. Thus, the LC lens
structure 1 has a total focal length equal to a combination of
the initial focal length of the liquid crystal and polymer com-
posite film 13 and the focal length of the LC layer 14.
[0045] Please refer to FIG. 2 thatis a conceptual view of an
LC lens structure 1 according to a second embodiment of the
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present invention. The LC lens structure 1 in the second
embodiment is generally structurally similar to the first
embodiment, except that the first conductive layer 111 in the
second embodiment is further provided with a round hole
1111 about 2 mm in diameter. Thus, when a power supply is
provided to the first conductive layer 111 and the second
conductive layer 121, an electric field distribution in circular
symmetry is generated; and the liquid crystal and polymer
composite film 13 within the round hole 1111 has relatively
smaller dielectric constant and relatively larger equivalent
refractive index, while the liquid crystal and polymer com-
posite film 13 surrounding the round hole 111 has relatively
larger dielectric constant and relatively smaller equivalent
refractive index; or alternatively, the liquid crystal and poly-
mer composite film 13 within the round hole 1111 has rela-
tively larger dielectric constant and relatively smaller equiva-
lent refractive index, while the liquid crystal and polymer
composite film 13 surrounding the round hole 111 has rela-
tively smaller dielectric constant and relatively larger equiva-
lent refractive index. It is noted the hole 1111 is preferably
round in shape but not limited thereto.

[0046] Please refer to FIGS. 3a to 3¢ that are conceptual
views respectively showing a first, a second and a third
embodiment of the liquid crystal and polymer composite film
used in the LC lens structure of the present invention. As
shown, the liquid crystal and polymer composite films 13 in
the second and the third embodiment shown in FIGS. 35 and
3¢ have uniform dielectric constant distribution, while the
liquid crystal and polymer composite film 13 in the first
embodiment shown in FIG. 34 has non-uniform dielectric
constant distribution.

[0047] Please note the hole 1111 on the first conductive
layer 111 is formed to provide a non-uniform electric field,
and is not a prerequisite element. It is obvious one of ordinary
skill in the art can change the dielectric constant distribution
of the liquid crystal and polymer composite film 13 to be
uniform distribution or non-uniform distribution in order to
achieve the LC lens structure 1 with improved focusing effect.
[0048] FIGS. 4a and 4b respectively show the LC lens
structure of the present invention with no and with applied
voltage. Since the first conductive layer 111 is provided with
a round hole 1111, an electric field distribution in circular
symmetry will be generated when a power supply is provided
to the LC lens structure 1. Thus, with the electric field distri-
bution in circular symmetry, it is able to reorient LC mol-
ecules in the LC layer 14 to thereby change the total focal
length of the lens structure.

[0049] The LC lens structure 1 with no applied voltage has
a focal length of 8.82 cm. When the LC lens structure 1 is
applied with voltage, a shortest focal length of 4.41 cm canbe
obtained when the applied voltage is 35 Vrms. Therefore, it
can be deduced the LC layer 14 has a focal length from
infinite long to 8.82 cm.

[0050] Please refer to FIGS. 5a and 55. FIG. 5a is a struc-
tural diagram showing the application of the LC lens structure
of the present invention in a compact camera module; and
FIG. 5b is a graph showing a relation between an object
distance and a voltage applied across the LC lens structure of
the present invention when the LC lens structure is applied in
the compact camera module and arranged at an object side.
[0051] As can be seen from FIG. 5a, an image system 5
includes an LC lens structure 52, a lens group 53, and an
image sensor 54. An object 51 is imaged for a first time via the
LC lens structure 52, and is then imaged for a second time via
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the lens group 53, so that the image of the object 51 is focused
on the image sensor 54. For different object distances d_, the
LC lens 52 can be tuned in its focal length to achieve the same
focusing effect. From FIG. 5b, it can be seen that, the farthest
focusing object distance is 3.5 m, and the closest focusing
object distance is 8.6 cm. Since the LC lens structure 1 using
the liquid crystal and polymer composite film 13 has a rela-
tively small phase loss, it is able to have a relatively short
focusing distance. In addition, when the object distance is the
same, the operating voltage for the LC lens structure of the
present invention is lower compared to prior art LC lenses,
such as the optical element proposed by Susumu Sato.
[0052] Please refer to FIGS. 64 and 6b. FIG. 6a is a struc-
tural diagram showing the application of the LC lens structure
of the present invention in a mini projector, and FIG. 65 is a
graph showing a relation between an image distance and a
voltage applied across the LC lens structure of the present
invention when the LC lens structure is applied in the mini
projector and arranged at an image side.

[0053] As can be seen from FIG. 64, a projection system 6
includes an LED light source 61, a relay lens 62, a pre-
polarizer 63, an LCOS (liquid crystal on silicon) display
panel 64, a polarization beam splitter (PBS) 65, a projection
lens 66, and an LC lens structure 67.

[0054] An image shown on the LCOS display panel 64 is
projected via the projection lens 66 and the LC lens structure
67 onto a screen 68. FIG. 65 shows the relation between an
image distance d, and an operating voltage of the LC lens. As
can be seen from FIG. 64, the LC lens using the liquid crystal
and polymer composite film according to the present inven-
tion has a shortest image distance for imaging that is shorter
than that of prior art LC lenses. In addition, when the mini
projector has an operating range from 3.5 m to 35 cm, the LC
lens using the liquid crystal and polymer composite film has
an operating voltage smaller than 10 Vrms, which is obvi-
ously lower than the operating voltage of 50 Vrms required by
prior art LC lenses, such as the optical element proposed by
Susumu Sato.

[0055] While the above embodiments are explained based
on the application of the LC lens structure of the present
invention in the compact camera module and the mini pro-
jector, it is understood the LC lens structure of the present
invention can also be applied in other portable devices that
require an electrically tunable-focus element without being
limited to the illustrated embodiments.

[0056] For the purpose of highlighting the features of the
present invention, the following table lists and compares the
technical features and the differences between the present
invention and the invention by Susumu Sato.

Present Invention Sato’s Invention

Technical
Featres

Using a LCPCF asan
insulating layer

Using two voltages to control
the optical element, and using
glass as an insulating layer
Tunable initial focal 1)  Fixed initial focal length,
length which is infinite long

2)  Small volume 2) Relatively large volume
3) Low operating voltage 3) High operating voltage

Differences 1)

[0057] As can be seen from the above table, the present
invention is technically characterized in using the liquid crys-
tal and polymer composite film as an insulating layer in the
LC lens structure, and further has the significant advantages
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of tunable initial focal length, small volume and low operat-
ing voltage, compared to Sato’s invention.

[0058] Please referto FIG. 7 that is a flowchart showing the
steps included in a driving method according to the present
invention for driving an LC lens structure.

[0059]  As shown, in a first step S71, a first operating volt-
age is provided.

[0060] In a second step S72, the first operating voltage is
switched to a second operating voltage.

[0061] And, in a third step S73, the second operating volt-
age is switched to a third operating voltage.

[0062] Tt is noted the L.C lens structure 1 has an optimal
operating voltage range from 15 Vrms to 35 Vrms. Therefore,
the following embodiments will be explained based on these
two voltage limits. However, one of ordinary skill in the art
can easily understand that the voltage can be switched in two
stages, i.e. only between the above two voltages of 15 Vrms
and 35 Vrms; or alternatively, be continuously switched
between different voltage ranges, such as switched between
15Vrms and 15.3 Vrms, between 15.3 Vrms and 15.5 Vrms,
or between 15.7 Vrms and 16 Vrms.

[0063] FIG. 8 is a graph showing a first embodiment of the
driving method according to the present invention.

[0064] First, an operating voltage of 15 Vrms is provided.
[0065] Then, the operating voltage is switched from 15
Vrms to 35 Vrms.

[0066] In the first embodiment of the driving method, the
applied voltage is switched from a lower operating voltage to
a higher operating voltage with a voltage rise time of 468 ins.
[0067] FIG.9 is a graph showing a second embodiment of
the driving method according to the present invention.
[0068] First, an operating voltage of 35 Vrms is provided.
[0069] Then, the operating voltage is switched from 35
Vrms to 15 Vrms.

[0070] In the second embodiment of the driving method,
the applied voltage is switched from a higher operating volt-
age to a lower operating voltage with a voltage fall time of 1
second.

[0071] Please refer to FIG. 10, which is a graph showing a
third embodiment of the driving method according to the
present invention.

[0072] First, an operating voltage of 15 Vrms is provided.
[0073] Then, the operating voltage is switched from 15
Vrms to 55 Vrms.

[0074] Finally, the operating voltage is switched from 55
Vrms to 35 Vrms.

[0075] In the third embodiment of the driving method, a
pulse of 55 Vrms with a pulse time 0298 ms is applied during
the voltage rise time, in order to accelerate the reorientation of
the liquid crystal molecules.

[0076] Please refer to FIG. 11, which is a graph showing a
fourth embodiment of the driving method according to the
present invention.

[0077] First, an operating voltage of 35 Vrms is provided.
[0078] Then, the operating voltage is switched from 35
Vrms to 0 Vrms.

[0079] Finally, the operating voltage is switched from 0
Vrms to 15 Vrms.

[0080] In the fourth embodiment of the driving method, a
pulse of 0 Vrms with a pulse time of 737 ms is applied during
the voltage fall time, in order to assist the liquid crystal to
return to its original orientation. In the present invention, by
switching a first operating voltage to a second operating volt-
age and switching the second operating voltage to a third
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operating voltage, the LC lens can have a response time
changed from the original 1.47 seconds to 0.64 seconds to
further increase the response speed of the LC lens.

[0081] By building a liquid crystal and polymer composite
film 13 in the LC lens structure 1, the present invention
realizes an LC lens with low operating voltage and large
focusing range. The liquid crystal and polymer composite
film 13 has non-uniform dielectric constant distribution, and
can be used as the alignment layer of the LC lens and has a
fixed focal length. The LC layer 14 and the liquid crystal and
polymer composite film 13 together contribute to the focal
length of the LC lens. More specifically, the LC layer 14
contributes to electrical focusing while the liquid crystal and
polymer composite film 13 contributes to a fixed focal length
in the LC lens. Compared to the prior art LC lenses, the LC
lens structure of the present invention has the advantages of
low operating voltage, simple structure and reduced overall
thickness, and provides increased applicability.

[0082] The present invention has been described with some
preferred embodiments thereof and it is understood that many
changes and modifications in the described embodiments can
be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. A liquid crystal (LC) lens structure, comprising:

an upper substrate being provided with a first conductive
layer and a first alignment layer; the first conductive
layer being located at one side of the upper substrate, and
the first alignment layer being located at one side of the
first conductive layer opposite to the upper substrate;

a lower substrate being provided with a second conductive
layer and a second alignment layer; the second conduc-
tive layer being located at one side of the lower substrate,
and the second alignment layer being located at one side
of the second conductive layer opposite to the lower
substrate;

aliquid crystal and polymer composite film being arranged
atone side ofthe first alignment layer opposite to the first
conductive layer to form a first lens; and

a liquid crystal (LC) layer being arranged between the
liquid crystal and polymer composite film and the sec-
ond alignment layer to form a second lens.

2. The LC lens structure as claimed in claim 1, wherein the
liquid crystal and polymer composite film is formed of liquid
crystal and monomers of a polymer.

3. The LC lens structure as claimed in claim 1, wherein the
liquid crystal and polymer composite film is a birefringent
film.

4. The LC lens structure as claimed in claim 1, wherein the
first conductive layer is formed with a hole.

5. The LC lens structure as claimed in claim 4, wherein the
hole has a diameter of 2 mm.

6. The LC lens structure as claimed in claim 1, wherein the
liquid crystal and polymer composite film has equivalent
refractive index and dielectric constant distributed in circular
symmetry.

7. The LC lens structure as claimed in ¢laim 1, wherein the
liquid crystal and polymer composite film has uniform dielec-
tric constant distribution.

8. The LC lens structure as claimed in claim 1, wherein the
liquid crystal and polymer composite film has non-uniform
dielectric constant distribution.
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9. The LC lens structure as claimed in claim 1, wherein the
first lens can be any one of a positive lens and a negative lens.

10. The LC lens structure as claimed in claim 1, wherein
the LC lens structure can be applied in any one of eye glasses,
a mini projector, a mobile phone camera system, and any
portable device that requires an electrically tunable-focus
element.

11. The LC lens structure as claimed in claim 1, wherein
the LC lens structure has an operating voltage range from 15
Vrms to 35 Vrms.

12. A driving method for driving an LC lens structure as
claimed in claim 1, comprising the following steps:

providing a first operating voltage; and

switching the first operating voltage to a second operating

voltage.

13. The driving method as claimed in claim 12, wherein the
first operating voltage is 15 Vrms, and the second operating
voltage is 35 Vrms.
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14. The driving method as claimed in claim 12, wherein the
first operating voltage is 35 Vrms, and the second operating
voltage is 15 Vrms.

15. The driving method as claimed in claim 12, further
comprising the following step after the first operating voltage
has been switched to the second operating voltage:

switching the second operating voltage to a third operating

voltage.

16. The driving method as claimed in claim 15, wherein the
first operating voltage is 15 Vrms, the second operating volt-
age is 55 Vrms, and the third operating voltage is 35 Vrms.

17. The driving method as claimed in claim 15, wherein the
first operating voltage is 35 Vrms, the second operating volt-
age is 0 Vrms, and the third operating voltage is 15 Vims.
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