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(57) ABSTRACT

The present invention provides a tunable terahertz (THz)
wavelength selector device, which includes a fixed phase
retarder, a tunable phase retarder and a pair of linear polariz-
ers to form a unit. The fixed phase retarder and tunable phase
retarder basically utilizes liquid crystals to provide phase
retardation, moreover, utilizing birefringence phenomenon
possessed by liquid crystals can provide adequate phase retar-
dation. The fixed phase retarderutilizes horizontal orientation
of liquid crystal cell to provide fixed phase retardation, while
the tunable phase retarder however utilizes homeotropic lig-
uid crystal cell and a rotatable magnet to provide a tunable
phase retardation, wherein the tunable phase retarder can
provide the positive or negative phase retardation relative to
the fixed phase retarder, based on the direction of the mag-
net’s rotating axes and totally use the entire tunable range into
adjusting frequencies which can pass through. Besides, the
present invention can also serially connect multiple units
described above so as to achieve a narrow enough band-pass
bandwidth.
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TUNABLE TERAHERTZ WAVELENGTH
SELECTOR DEVICE USING
MAGNETICALLY CONTROLLED
BIREFRINGENCE OF LIQUID CRYSTALS

CROSS-REFERENCES TO RELATED
APPLICATION

[0001] The present invention generally regards a tunable
terahertz wavelength selector device using magnetically con-
trolled birefringence of liquid crystals, and more specifically
regards a continuous tunable terahertz wavelength selector
device or filter created by phase retarder provided by using
liquid crystals, so as to be used in different kinds of applica-
tions of terahertz wavelength (THz, 1 THz=10"> Hz) and
electromagnetic waves (that is, sub-millimeter).

BACKGROUND OF THE INVENTION

[0002] In the recent years, applications of wireless waves
and microwaves revealed infinite potentiality, as for example
mobile communications and wireless networks et cetera are
the most popular industry. The trend of this one field is to
develop towards higher frequencies, in future millimeter and
even sub-millimeter wavelengths will be used. Usually,
because of the lack of wave source and detector, therefore
applications of sub-millimeter wavelength magneto-rheo-
logical fluid are comparatively less. In the recent ten years,
due to motivation and coherence by lasers, development of
terahertz technology are maturing with each passing day, in
Time-Domain Spectroscopy, applications of THz imaging
and medical areas all displayed extremely huge development
potentiality of terahertz wavelength. Besides this, THz (tera-
hertz) communications and phase radar technologies are
more important areas of research. Nevertheless, the above
described applications usually requires THz optic compo-
nents such as polarizer, filter, phase shifter, and wavelength
selector device et cetera, so as to serve use in signal process-
ing.

[0003] At present, in the already published documents, it is
known that terahertz filter or wavelength selector device was
first published in Applied Physics by C. Winnewisser et al. on
March 1998, it mainly utilizes periodic holes created on
metallic slabs, so when terahertz waves passes through this
structure, it is just like passing through two-dimensional grat-
ing or photon crystals, wherein some wavelengths have spe-
cifically high transparency, while terahertz waves of some
frequencies cannot pass through, utilizing this, function of
wave selecting is achieved. Utilizing this structure as basis, T.
D. Drysdale et al. utilized relative motion of two layers of
one-dimensional grating to produce changes in periodic
structures, and then succeeded in adjusting frequencies
allowed to pass through, and H. Nemec et al. clipped dielec-
tric materials in between the two layers of periodic structures,
wherein the dielectric constant of the dielectric materials
changes with change in temperature, utilizing this, through
temperature adjustments, frequencies allowed to pass
through can be changed. Besides this, Stephan Biber et al.
also utilized the known grating technology and successfully
accomplished applications of wavelength selector device
under terahertz wavelengths. In spite of these wavelength
selector device using photon crystals as basis (such as, filters)
possesses good filtrate functions, yet its exceedingly low
frequency adjusting range (<20%) or range of temperatures
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required for change being exceedingly high (100 K~300 K)
both increased the difficulty in its applications.

[0004] Inmicrowaves or sub-micrometer wavelengths, uti-
lizing liquid crystals in tunable wavelength selector device
has already being discussed widely. M. Tanaka and F. Yang et
al. utilized metal laminates to create Stack-Layered Liquid
Crystal Cell), inreality it also utilizes electric fields to change
the refraction constant of the liquid crystal and then adjusts it
to one dimensional periodic structure, only it alone is suitable
for use in millimeter wave ranges, due to wavelength of
electromagnetic waves in terahertz wavelength being very
small, hence accomplishing this structure in terahertz wave-
length exists certain difficulties. Applications proclaimed by
B. Lyot in 1944, utilizing combinations of phase retarding
discs and linear polarizers as wavelength selector is already
widely known, but to date it is not yet successfully applied in
terahertz wavelengths, it is primarily because: (1) Under this
wavelength, suitable phase retarding material has not yet
been developed, and (2) On applications of tunable wave-
length selector (or filter), it is still required to take into con-
sideration a large enough tunable phase retardation range. In
other words, even though use of phase retarder and linear
polarizer combination as wavelength selector is already a
known technology, vet implementing it in terahertz wave-
length poses certain difficulty and limitations, if this method
is used to accomplish function of tunable wavelength select-
ing, its phase retarder should possess a large enough continu-
ous tunable range (>360 deg)

SUMMARY OF THE INVENTION

[0005] Hence, the objective of the present invention is to
provide a tunable terahertz wavelength selector device using
magnetically controlled birefringence of liquid crystals,
which is, providing a continuous tunable terahertz wave-
length (0.1 THz~10 THz) selector device, it is (1) thick liquid
crystal cell utilizing magnetic field to stabilize orientation of
liquid crystals, serving as component for phase retarder discs,
and (2) utilizes a fixed and a tunable liquid crystal phase
retarder to form a group of phase retarder and solves the
problem of inadequate tunable phase range. Hence, it can
overcome variety of known drawbacks, and provide a tera-
hertz wavelength component that can be actually imple-
mented.

[0006] To accomplish the objective described above, based
on the point of view of the present invention, a tunable wave-
length selector device is provided, which includes a fixed
phase retarder, first liquid crystal cell possessing a horizontal
orientation, a pair of opposite magnet slabs and a first clamp
to fix the first liquid crystal cell and the class of magnet slabs,
wherein the first liquid crystal cell is set in between the pair of
magnet slabs, used for providing fixed phase retardation used
in the terahertz wavelength, utilizing orientation of liquid
crystal molecule in the first liquid crystal cell; a tunable phase
retarder, a second liquid crystal cell possessing vertical ori-
entation, a magnet and a second clamp to fix the second liquid
crystal cell and the magnet, wherein the second clamp can
rotate the magnet so as to provide variable magnetic field to
change the orientation of liquid crystal molecule in the sec-
ond liquid crystal cell, used for providing positive or negative
phase retardation relative to the fixed phase retarder of the
terahertz wavelength; and a pair of linear polarizers, sepa-
rately set adjacent to the deployed fixed phase retarder and
tunable phase on both sides, used for attenuating the class of
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phase retardation which are not integer multiple of m in the
terahertz wavelength, wherein m is the circular constant.
[0007] Furthermore, based on the point of view of the
present invention described above, wherein the tunable wave-
length selector device also includes two or more sets of
assembling units possessing the fixed phase retarder, the tun-
able phase retarder and the pair of linear polarizers, wherein
the class of assembling unit are mutually serially connected
devices.

Furthermore, based on the point of view of the present inven-
tion described above, wherein the liquid crystal of first liquid
crystal cell and second liquid crystal cell of the tunable tera-
hertz wavelength selector device are of similar or different
kinds and the liquid crystal are structures of single or multi-
layered liquid crystals.

[0008] Other objectives, characteristics and qualities of the
present invention will be presented more clearly from the
detailed description of the present invention’s preferred
implementations combined with attached diagrams.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0009] The present invention’s preferred implementation
will refer to attached diagrams and be described as follow.
[0010] Based on the present invention of tunable terahertz
wavelength selector device using magnetically controlled
birefringence of liquid crystals is a tunable wavelength selec-
tor device formed by using a fixed phase retarder, a tunable
phase retarder, and a pair of linear polarizer aligned in the
same direction as a unit. Please consult FIG. 1(a) which
depicts the framework representing diagram based on the
present invention’s better implementations of tunable tera-
hertz wavelength selector device, wherein this implementa-
tion is composed from the two units described above, its
objective lies in narrowing the bandwidth of the pass through
frequency. As shown in the diagram, the tunable wavelength
selector device (1000) includes two fixed phase retarders (100
and 300), two tunable phase retarders (200 and 400), and
three linear polarizer (500). Wherein, fixed phase retarder
(100 and 300) provides fixed phase retardation needed by the
wavelength selector (1000), its structure is separately repre-
sented as in FIG. 1(b) and F1G. 1(c) (will be described later);
and tunable phase retarder (200 and 400) provides positive or
negative tunable phase retardation, used for increasing or
decreasing phase retardation provided by fixed phase retarder
(100 and 300), its structure is separately represented as in
FIG. 1(d) and FIG. 1(e) (will be described later). Besides,
linear polarizer (500) is used to totally or mostly attenuate the
frequency (its advancing direction is represented by symbol
(600)) of incident terahertz electromagnetic waves of the
phase retardation which are not integer multiple of 7 (circular
constant) and accomplishing objective of frequency selec-
tion.

[0011] Fixed phase retarder (100 and 300) is formed from
homogeneous aligned liquid crystal cell (110, 310), a pair of
magnet slabs (120, 320) and clamp (not shown) to fix the
liquid crystal cell and magnets (120, 320), as represented in
FIG. 1(b) and FIG. 1(c). FIG. 1(b) is the representing struc-
ture diagram of fixed phase retarder corresponding to fixed
phase retarder (100 and 300) in FIG. 1(e), and FIG. 1(c)
corresponds to the liquid crystal cell (110, 310) in FIG. 1(b).
The liquid crystal cell (110, 310) is formed by utilizing two
slices of quartz glass (or other light pervious base) (111, 311)
and dividing body (112, 312) used for controlling thickness,
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to generate a hollow chamber and then implanting liquid
crystal (113, 313) in it, wherein the liquid crystal used in the
present implementation are E7 liquid crystal produced by
Daily Polymer company, nevertheless, the present invention
is not limited to this. Moreover, before implanting liquid
crystal (113, 313), a coat of homogeneous aligned film (not
shown) such as polyacetamide is painted on the top surface of
the quartz glass beforehand, which enables liquid crystal
(113, 313) to display homogeneous alignment within the
liquid crystal cell, as shown in FIG. 1(c). Due to the thickness
of the liquid crystal cell (110, 310) used by fixed phase
retarder (100 and 300) of the present implementation being
considerably thick, as for example it separately is 9 mm (110)
and 4.5 mm (310), that is why a pair of magnets (120, 320) is
used to provide magnetic field (114, 314) so as to obtain stable
orientation (130, 330) of liquid crystal layers.

[0012] Consult FIG. 1(d) and FIG. 1(e), FIG. 1(d) depicts
the representing structure diagram of tunable phase retarder
(200, 400) based on the present invention’s implementation,
and FIG. 1(e) depicts the representing structure diagram of
liquid crystal cell (210, 410) in FIG. 1(d). As represented in
the diagram, the tunable phase retarder (200, 400) is formed
from homeotropic aligned liquid crystal cell (210, 410), mag-
net (220, 420) used to provide magnetic field, and clamp such
as to fix rotating mechanism (230, 430) of magnet, to fix the
magnet (220, 420) and the liquid crystal cell (210, 410).
Wherein, the magnet (220, 420) can rotate along the rotating
axes (250, 450) and provides magnetic field (240, 440) that
can change direction, while then changing orientation of lig-
uid crystal molecules in the liquid crystal cell. FIG. 1(e)
corresponds to the liquid crystal cell (210, 410) in FIG. 1(d),
the liquid crystal cell (210, 410) utilizes two slices of quartz
glass (or other light pervious base) 211 and 411 and dividing
body (213, 413) used for controlling thickness, to generate a
hollow chamber and then implanting liquid crystal cell (212,
412)init, this part stilluses E7 liquid crystal described above,
nevertheless, the present invention is not limited to this.
Moreover, before implanting liquid crystal (212, 412), a coat
ofhomeotropic aligned film (DMOPA) (not shown) is painted
on the top surface of the quartz glass beforehand, which
enables liquid crystal (212, 412) to display homeotropic
alignment within the liquid crystal cell (210, 410), as shown
in FIG. 1(e). The thickness of the liquid crystal used in this
part is separately 4 mm (210) and 2 mm (410). Besides this,
the optic axes of the fixed phase retarder and tunable phase
retarder can be perpendicular or parallel to each other.
[0013] Based on the implementation of the present inven-
tion, it also has comparison on theory and simulation, as for
example when electromagnetic waves passes through the
combination of phase retarder and linear polarizer as
described in the present implementation, its Transparency (T)
is expressed as follows:

| +AFA)-COSZ(FB+AFB) 1

T= cosz( 5

Wherein I', and I'; are the phase retardation provided by
fixed phase retarder (100, 300), and A", and Al'; are the
tunable phase retardation provided by tunable phase retarder
(200, 400), wherein AL', and AI'; can be positive values
(magnet’s rotating axes is perpendicular to direction of liquid
crystal optic axes of fixed phase retarder), or negative values
(magnet’s rotating axes is parallel to direction of liquid crystal
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optic axes). During the course of adjustments, the I ,+Al":
I'z+AT'5=2:1 relationship is maintained so as to maintain the
peak values of the transparency of the two parts to happen at
the same frequency. Then, the result simulated by this theory
1s compared with an experimental data of the implementation.
Please consult F1G. 2(a), vertical axes is the normalized trans-
parency, wherein the solid dot is the data measured by the
experiment, the curve is the theoretical value obtained from
formula (I). Its measured result matches very well with
theory. FIG. 2(b) is the comparison between measured data
and theoretical curve of changing phase retardation provided
by tunable phase retarder and accomplishing objective of
wavelength selection. In the present implementation, its tun-
able range is 0.388 THz ~0.564 THz, which is very close to
the theoretical curve.

[0014] As described above, even though the principle of
utilizing combination of phase retarder and linear polarizer to
filter unwanted frequencies is a known technology, yet the
main implication of the present invention is not utilizing the
known technology to accomplish function of wave filtering or
wavelength selection, but a technology utilizing birefrin-
gence effect of liquid crystals to provide phase retardation,
wherein the present invention utilizes a phase retarder which
can provide fixed phase retardation and a tunable phase
retarder which can provide tunable phase retardation collo-
cation to provide wavelength selector (or known as filter) to
accomplish objective of tunable wavelength. Based on this, as
described in better implementation described above, the tun-
able phase retardation provided by the tunable phase retarder
can be totally used in adjusting wavelength.

[0015] Hence, the present invention is a filter or wavelength
selector developed using birefringence effect of liquid crys-
tals suitable for use in space terahertz electromagnetic waves
or standard far infrared light source. The present invention
besides, in compliance with different requirements, from
being able to provide large range, high efficiency and con-
tinuous tunable passive wavelength selecting, its operating
temperature can also be set to meet requirements, as for
example, liquid crystals used by the better implementation
described above is suitable for use in room temperature.
Therefore, in comparison to known technology wavelength
selector, the present invention not only possesses potential but
also handy outside of applications, moreover, it possesses
characteristics such as being more compact and low operating
voltage.

[0016] Even though the present invention is disclosed on
already implemented example as above, nevertheless, it is not
used to limit the present invention, anyone familiar with this
type of technology, even though, using magnet slabs as tools
for providing magnetic field to stabilize orientation of liquid
crystal cell of fixed phase retarder is only disclosed, yet the
present invertion is not limited to this; as for example tools
for providing magnetic field is not limited to this form, it can
also be provided by multiple groups of magnets, permanent
magnets or electromagnets of different shapes, besides this,
electric field, multi-layered structure or other forms can also
be used to accomplish stabilizing of liquid crystal arrange-
ment. Hence, the protective boundary of the present invention
1s as according to the claims fixed which is annexed therein-
after.

[0017] From the detailed description of the better concrete
implementation above, is to hope that the characteristic and
spirit of the present invention can be depicted more clearly,
and not additionally limit the boundary of the present inven-
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tion with the better concrete implementation that must be
described above. On the contrary, its objective hopes to cover
different changes and arrangements of equal effect within the
boundaries applied by the present invention.

BRIEF DESCRIPTION OF THE DRAWING

[0018] FIG. 1(a) is the representing diagram, depicting the
framework of terahertz tunable wavelength selector device
according to the present invention’s implementation;

[0019] FIG. 1(b) is the representing diagram, depicting the
framework of fixed phase retarder according to the present
invention’s implementation;

[0020] FIG. 1(c) is the representing diagram, depicting the
framework of liquid crystal cell of fixed phase retarder in FIG.
1(b):

[0021] FIG. 1(d) is the representing diagram, depicting the
framework of tunable phase retarder according to the present
invention’s implementation;

[0022] FIG. 1(e) is the representing diagram, depicting the
framework of liquid crystal cell of tunable phase retarder in
FIG. 1(d);

[0023] FIG. 2(a) is the comparison of theoretical simula-
tion and experimental result according to the present inven-
tion’s implementation, wherein the dots represent result mea-
sured by experiment, solid lines represent result calculated by
theory; and

[0024] FIG. 2(b) is the comparison of experimental result
and theoretical calculation of peak of transparency according
to the present invention’s implementation, wherein the dots
represent result measured by experiment, solid lines represent
result calculated by theory.

DESCRIPTION OF MAIN COMPONENT

SYMBOLS
[0025] 100 Fixed phase retarder
[0026] 110 Liquid crystal cell
[0027] 111 Quartz glass
[0028] 112 Dividing body
[0029] 113 Liquid crystal
[0030] 114 Direction of magnetic field
[0031] 120 Magnet
[0032] 130 Orientation of liquid crystal molecule
[0033] 200 Tunable phase retarder
[0034] 210 Liquid crystal cell
[0035] 211 Quartz glass
[0036] 212 Liquid crystal
[0037] 213 Dividing body
[0038] 220 Magnet
[0039] 230 Rotating mechanism for fixing magnet
[0040] 240 Direction of magnetic field
[0041] 250 Rotating direction of magnet
[0042] 300 Fixed phase retarder
[0043] 310 Liquid crystal cell
[0044] 311 Quartz glass
[0045] 312 Dividing body
[0046] 313 Liquid crystal
[0047] 314 Direction of magnetic field
[0048] 320 Magnet
[0049] 330 Orientation of liquid crystal molecule
[0050] 400 Tunable phase retarder
[0051] 410 Liquid crystal cell
[0052] 411 Quartz glass
[0053] 412 Liquid crystal
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[0054] 413 Dividing body

[0055] 420 Magnet

[0056] 430 Rotating mechanism for fixing magnet
[0057] 440 Direction of magnetic field

[0058] 450 Rotating direction of magnet

[0059] 500 Linear polarizer

[0060] 600 Advancing direction of terahertz wave
[0061] 1000 Wavelength selector

1. A tunable terahertz (THz) wavelength selector device

includes:

a fixed phase retarder which includes a homogeneous
aligned first liquid crystal cell, a pair of opposite magnet
slabs, and a first clamp to fix the first liquid crystal cell
and the class of magnet slabs, wherein the first liquid
crystal cell is set in between the pair of magnet slabs,
used for providing fixed phase retardation used in the
terahertz wavelength, utilizing orientation of liquid
crystal molecule in the first liquid crystal cell;

a tunable phase retarder which includes a homeotropic
aligned second liquid crystal cell, a magnet, and a
second clamp to fix the second liquid crystal cell and
the magnet, wherein the second clamp can rotate the
magnet so as to provide variable magnetic field to
change the orientation of liquid crystal molecule in
the second liquid crystal cell, used for providing posi-
tive or negative phase retardation relative to the fixed
phase retarder of the tera hertz wavelength; and

a pair of linear polarizers, separately set adjacent to the
deployed fixed phase retarder and tunable phase on
both sides, used for attenuating the class of phase
retardation which are not integer multiple of 7 in the
terahertz wavelength, wherein m is the circular con-
stant.

2. The tunable terahertz wavelength selector device as

claimed in claim 1, wherein the tunable terahertz wavelength
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selector device also includes two or more sets of assembling
units possessing the fixed phase retarder, the tunable phase
retarder and the pair of linear polarizers, wherein the class of
assembling unit are mutually serially connected devices.

3. The tunable terahertz wavelength selector device as
claimed in claim 1, wherein the liquid crystals contained
within the first liquid crystal cell and the second liquid crystal
cell are similar kinds of liquid crystals.

4. The tunable terahertz wavelength selector device as
claimed in claim 1, wherein the liquid crystals contained
within the first liquid crystal cell and the second liquid crystal
cell are different kinds of liquid crystals.

5. The tunable terahertz wavelength selector device as
claimed in claim 3, wherein the liquid crystals are structures
of single or multi-layered liquid crystals.

6. The tunable terahertz wavelength selector device as
claimed in claim 1, wherein the magnet slabs and the rotatable
magnet are anyone kind of permanent magnet and electro-
magnet.

7. The tunable terahertz wavelength selector device as
claimed in claim 1, wherein the first clamp is of fixed kind and
the second clamp is of rotatable kind.

8. The tunable terahertz wavelength selector device as
claimed in claim 1, wherein the optic axes of the fixed phase
retarder and the tunable phase retarder are perpendicular or
parallel to each other.

9. The tunable terahertz wavelength selector device as
claimed in claim 4, wherein the liquid crystals are structures
of single or multi-layered liquid crystals.
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