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Description
BACKGROUND
Technical Field

[0001] The disclosure relates to an antenna array structure, and in particular to a broadband liquid crystal array
antenna structure.

Related Art

[0002] Currently, a Bluetooth system, a ZigBee system, and a microstrip antenna system are mostly adopted to
complete indoor positioning technology. In the traditional microstrip antenna system, components such as micro
electro mechanical systems (MEMs), PIN diodes, and varactor diodes are mostly adopted to control a scanning beam
of a microstrip antenna structure.

[0003] However, the MEMs and PIN diodes may only adjust a beam direction of the microstrip antenna structure to a
few specific directions, and the varactor diodes may only achieve a continuous scanning function with a small scan-
ning range. Therefore, the current microstrip antenna system is difficult to meet a requirement of high-precision ultra-
wide band (UWB) indoor positioning.

SUMMARY

[0004] In view of this, the disclosure provides a broadband liquid crystal array antenna structure having a wide beam
scanning range.

[0005] An Embodiment of the disclosure provides a broadband liquid crystal array antenna structure including a first
substrate layer, a second substrate layer, a third substrate layer, a first liquid crystal layer, a first surface unit, a second
surface unit, a third surface unit, and a fourth surface unit. The first substrate layer has a first upper surface and a first
lower surface. The second substrate layer has a second upper surface and a second lower surface. The third
substrate layer has a third upper surface and a third lower surface. The first liquid crystal layer is stacked and
connected between the second substrate layer and the third substrate layer. The first surface unit is arranged on the
first upper surface. The second surface unit is arranged on the second upper surface. The third surface unit is
arranged on the third upper surface. The fourth surface unit is arranged on the third lower surface. When the first
liquid crystal layer is applied with a bias voltage, the broadband liquid crystal array antenna structure performs beam
scanning based on a first angular range.

[0006] In an embodiment of the disclosure, the first surface unit includes a first surface large rectangle patch and
four first surface small rectangle patches. A center of the first surface large rectangle patch corresponds to a center of
the first liquid crystal layer. Two of the four first surface small rectangle patches are adjacent to a first side of the first
surface large rectangle patch, and another two of the four first surface small rectangle patches are adjacent to a
second side of the first surface large rectangle patch. The first side is opposite to the second side.

[0007] In an embodiment of the disclosure, the second surface unit includes a second surface rectangle patch and
two parasitic patch groups. A center of the second surface rectangle patch corresponds to a center of the first liquid
crystal layer. One of the parasitic patch groups is adjacent to a first side of the second surface rectangle patch, and
another one of the parasitic patch groups is adjacent to a second side of the second surface rectangle patch. The first
side is opposite to the second side.

[0008] In an embodiment of the disclosure, the second surface rectangle patch is a main radiating patch.

[0009] In an embodiment of the disclosure, each of the parasitic patch groups includes a second surface large
rectangle patch, a second surface small rectangle patch, and a second surface strip patch. The second surface large
rectangle patch is connected to the second surface small rectangle patch through the second surface strip patch. The
second surface large rectangle patch is adjacent to the second surface rectangle patch. The second surface small
rectangle patch is connected to an edge of the second upper surface.

[0010] In an embodiment of the disclosure, the third surface unit is a metal ground layer.

[0011] In an embodiment of the disclosure, the third surface unit includes a third surface rectangle patch. The third
surface rectangle patch includes three third surface slots arranged sequentially along a first direction, and a center of a
second third surface slot of the three third surface slots corresponds to a center of the first liquid crystal layer.

[0012] In an embodiment of the disclosure, the third surface slot is an H-shaped slot. The H-shape of the third
surface slot extends along a second direction. The first direction is opposite to the second direction.

[0013] In an embodiment of the disclosure, the fourth surface unit is a fourth surface strip patch. The fourth surface
strip patch extends along a second direction and corresponds to a center of the first liquid crystal layer.
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[0014] In an embodiment of the disclosure, the fourth surface strip patch is a signal feed line.

[0015] In an embodiment of the disclosure, the fourth surface strip patch is a microstrip line.

[0016] In an embodiment of the disclosure, the first surface unit, the second surface unit, the third surface unit, and
the fourth surface unit are formed by metal materials.

[0017] In an embodiment of the disclosure, the first angular range is determined by a material of the first liquid
crystal layer.

[0018] In an embodiment of the disclosure, the first angular range is between -42° and 42°.

[0019] In an embodiment of the disclosure, the first angular range is between -52° and 52°.

[0020] Based on the above, the broadband liquid crystal array antenna structure of the disclosure may provide a
wide beam scanning range through the special structural design thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1A is a schematic diagram of a multi-layered structure of a broadband liquid crystal array antenna structure
according to an embodiment of the disclosure.

FIG. 1B is a cross-sectional diagram of a broadband liquid crystal array antenna structure according to an
embodiment of the disclosure.

FIG. 2A is a schematic diagram of a cell design of a first surface unit according to an embodiment of the
disclosure.

FIG. 2B is a schematic diagram of a cell design of a second surface unit according to an embodiment of the
disclosure.

FIG. 2C is a schematic diagram of a cell design of a third surface unit according to an embodiment of the
disclosure.

FIG. 2D is a schematic diagram of a cell design of a fourth surface unit according to an embodiment of the
disclosure.

FIG. 3A is a relationship diagram between return gain and signal frequency of a broadband liquid crystal array
antenna structure according to a first embodiment of the disclosure.

FIG. 3B is a radiation pattern diagram of a broadband liquid crystal array antenna structure according to the first
embodiment of the disclosure.

FIG. 4A is a relationship diagram between return gain and signal frequency of a broadband liquid crystal array
antenna structure according to a second embodiment of the disclosure.

FIG. 4B is a radiation pattern diagram of a broadband liquid crystal array antenna structure according to the
second embodiment of the disclosure.

FIG. 5A is a relationship diagram between return gain and signal frequency of a broadband liquid crystal array
antenna structure according to a third embodiment of the disclosure.

FIG. 5B is a radiation pattern diagram of a broadband liquid crystal array antenna structure according to the third
embodiment of the disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0022] Reference is now made in detail to exemplary embodiments of the disclosure, examples of the exemplary
embodiments are described in the accompanying drawings. Wherever possible, the same reference numerals are
used in the drawings and the description to refer to the same or like parts.

[0023] FIG. 1A is a schematic diagram of a multi-layered structure of a broadband liquid crystal array antenna
structure according to an embodiment of the disclosure. FIG. 1B is a cross-sectional diagram of a broadband liquid
crystal array antenna structure according to an embodiment of the disclosure. Referring to FIG. 1A and FIG. 1B, the
broadband liquid crystal array antenna structure is mainly designed as a three-layered and four-surfaced circuit board,
and includes a first substrate layer 1, a second substrate layer 2, a third substrate layer 3, a first surface unit 4, a
second surface unit 5, a third surface unit 6, a fourth surface unit 7, and a first liquid crystal layer 8. The first substrate
layer 1 has a first upper surface 11 and a first lower surface 12. The second substrate layer 2 has a second upper
surface 21 and a second lower surface 22. The third substrate layer 3 has a third upper surface 31 and a third lower
surface 32.

[0024] The first liquid crystal layer 8 is stacked and connected between the second substrate layer 2 and the third
substrate layer 3. The first surface unit 4 is arranged on the first upper surface 11. The second surface unit 5 is
arranged on the second upper surface 21. The third surface unit 6 is arranged on the third upper surface 31. The
fourth surface unit 7 is arranged on the third lower surface 32. The first substrate layer 1, the second substrate layer 2,
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the third substrate layer 3, and the third surface unit 6 all have four circular slots. The four circular slots are arranged in
pairs corresponding to adjacent two short sides of the first substrate layer 1, the second substrate layer 2, the third
substrate layer 3, and the third surface unit 6, and the four circular slots of the first substrate layer 1, the second
substrate layer 2, the third substrate layer 3, and the third surface unit 6 correspond to each other.

[0025] The first substrate layer 1, the second substrate layer 2, and the third substrate layer 3 may be, for example,
double-sided high-frequency printed circuit boards. A board material used for the first substrate layer 1, the second
substrate layer 2, and the third substrate layer 3 may be, for example, Rogers RO4533. In an embodiment, a dielectric
constant of the first substrate layer 1, the second substrate layer 2, and the third substrate layer 3 may be, for
example, 3.0 to 4.0 (with an optimal dielectric constant of 3.45), a tangent loss may be, for example, 0.002 to 0.003
(with an optimal tangent loss of 0.0025), and a thickness may be, for example, 0.50 to 0.51mm (with an optimal
thickness of 0.508mm).

[0026] The first surface unit 4, the second surface unit 5, the third surface unit 6, and the fourth surface unit 7 may
be, for example, formed by metal materials (for example, metal conductors such as a copper foil, a gold foil, or other
metal oxide conductors such as an indium tin oxide). A copper foil thickness of the first surface unit 4, the second
surface unit 5, the third surface unit 6, and the fourth surface unit 7 may be, for example, 0.035mm. The third surface
unit 6 is a metal ground layer.

[0027] A liquid crystal material used for the first liquid crystal layer 8 may be, for example, JNC ZOC-A018XX,
MERCK E7, or MERCK GT7-29001, with a thickness of 0.1mm. The first liquid crystal layer 8 has an adjustable
dielectric property. When the first liquid crystal layer 8 is applied with an external voltage, the rotation of liquid crystal
molecules thereof may be changed, thereby changing a dielectric constant and a tangent loss thereof.

[0028] Taking JNC ZOC-A018XX as an example, a dielectric constant and a tangent loss of the first liquid crystal
layer 8 are 2.55 to 3.76 and 0.004 to 0.007, respectively. When the first liquid crystal layer 8 is applied with a bias
voltage, a liquid crystal orientation direction of the first liquid crystal layer 8 is parallel to an electric field direction, and
the dielectric constant of the first liquid crystal layer 8 is 3.76, with the tangent loss of 0.004. In another aspect, when
the first liquid crystal layer 8 is not applied with a bias voltage, the liquid crystal orientation direction of the first liquid
crystal layer 8 is vertical to the electric field, the dielectric constant becomes 2.55, and the tangent loss becomes
0.007.

[0029] Taking MERCK E7 as an example, a dielectric constant and tangent loss of the first liquid crystal layer 8 are
2.72 to 3.17 and 0.033 to 0.05, respectively. When the first liquid crystal layer 8 is applied with the bias voltage, the
liquid crystal orientation direction of the first liquid crystal layer 8 is parallel to the electric field direction, and the
dielectric constant of the first liquid crystal layer 8 is 3.17, with the tangent loss of 0.033. In another aspect, when the
first liquid crystal layer 8 is not applied with the bias voltage, the liquid crystal orientation direction of the first liquid
crystal layer 8 is vertical to the electric field, the dielectric constant becomes 2.72, and the tangent loss becomes 0.05.
[0030] Taking MERCK GT7-29001 as an example, a dielectric constant and tangent loss of the first liquid crystal
layer 8 are 2.46 to 3.53 and 0.0064 to 0.0116, respectively. When the first liquid crystal layer 8 is applied with the bias
voltage, the liquid crystal orientation direction of the first liquid crystal layer 8 is parallel to the electric field direction,
and the dielectric constant of the first liquid crystal layer 8 is 3.53, with the tangent loss of 0.0064. In another aspect,
when the first liquid crystal layer 8 is not applied with the bias voltage, the liquid crystal orientation direction of the first
liquid crystal layer 8 is vertical to the electric field direction, the dielectric constant becomes 2.46, and the tangent loss
becomes 0.0116.

[0031] For ease of understanding, characteristics of different liquid crystal materials are listed in Table 1.

Table 1
Liquid Dielectric Dielectric constant Tangent loss Tangent Difference | Adjustment
crystal constant parallel to electric perpendicular | loss in dielectric | ability of
material perpendicular | field direction (with to the electric parallel to constant liquid crystal
to electric field | appliedbiasvoltage) | field direction the electric molecule
direction (without field
(without applied with direction
applied bias voltage) (without
biasvoltage) applied
with bias
voltage)
£l g tan o, tan §|| Ae T
JNC ZOC- 272 3.17 0.05 0.45 0.45 14.20%
A018XX
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(continued)

Liquid Dielectric Dielectric constant Tangent loss Tangent Difference | Adjustment
crystal constant parallel to electric perpendicular | loss in dielectric | ability of
material perpendicular | field direction (with to the electric parallel to constant liquid crystal
to electric field | appliedbiasvoltage) | field direction the electric molecule
direction (without field
(without applied with direction
applied bias voltage) (without
biasvoltage) applied
with bias
voltage)
& SH tan 5i tan 5” Ag T
MERCK E7 2.46 3.53 0.116 1.07 1.07 30.31%
MERCK 2.55 3.76 0.007 1.21 1.21 32.18%
GT7-29001
[0032] A dielectric property of the first liquid crystal layer 8 changes with the electric field, thereby changing a beam

characteristic of the liquid crystal array antenna structure. By further explanation, when the first liquid crystal layer 8 is
not applied with the bias voltage, an arrangement direction of the liquid crystal molecules of the first liquid crystal layer
8 is parallel to a metal patch (that is, the second surface unit 5) and the metal ground layer (that is, the third surface
unit 6), and the liquid crystal molecules are vertical to the electric field direction, which is called a perpendicular state.
In addition, when the first liquid crystal layer 8 is applied with the bias voltage, the arrangement direction of the liquid
crystal molecules of the first liquid crystal layer 8 is vertical to the metal patch and the metal ground layer, and the
liquid crystal molecules are parallel to the electric field direction, which is called a parallel state.

[0033] The types of the first substrate layer 1, the second substrate layer 2, the third substrate layer 3, and the first
liquid crystal layer 8 may be designed according to actual requirements, and the disclosure does not impose limita-
tions thereon.

[0034] FIG. 2A is a schematic diagram of a cell design of a first surface unit according to an embodiment of the
disclosure. Referring to FIG. 2A, the first surface unit 4 is located on the first upper surface 11. The original metal layer
(for example, a copper foil with a thickness of 0.035 mm) on the first upper surface 11 is etched to form the first surface
unit 4.

[0035] The first surface unit 4 includes a first surface large rectangle patch 41 and four first surface small rectangle
patches 421 to 424. A center of the first surface large rectangle patch 41 corresponds to a center of the first liquid
crystal layer 8. In addition, two first surface small rectangle patches 421 and 422 are adjacent to one side (also called
the first side) of the first surface large rectangle patch 41, and the other two first surface small rectangle patches 423
and 424 are adjacent to another side (also called the second side) of the first surface large rectangle patch 41. The
first side is opposite to the second side, that is, the first side is the opposite side of the second side.

[0036] A width and a length of the first upper surface 11 are A1 and A2 respectively as indicated in FIG. 2A. A
distance between the circular slot on the first upper surface 11 (the first substrate layer 1) and the corresponding
circular slot on the other side is B1, and a distance between the corresponding circular slot on the same side is B2.
[0037] A width and a length of the first surface large rectangle patch 41 are C1 and C2 respectively as indicated in
FIG. 2A. A width and a length of each of the first surface small rectangle patches 421 to 424 are D1 and D2
respectively as indicated in FIG. 2A.

[0038] In an embodiment, the width and length (A1 and A2 as indicated in FIG. 2A) of the first upper surface 11 may
be, for example, 43.50 mm to 44.50 mm (with an optimal width of 44.00 mm) and 17.50 mm to 18.50 mm (with an
optimal length of 18.00 mm), respectively.

[0039] In addition, regarding a specification of the first surface unit 4, the distance (B1 as indicated in FIG. 2A)
between the circular slot on the first upper surface 11 (the first substrate layer 1) and the corresponding circular slot on
the other side may be, for example, 40.00 mm to 40.10 mm (with an optimal width of 40.00 mm). The distance (B2 as
indicated in FIG. 2A) between the circular slot on the first upper surface 11 (the first substrate layer 1) and the
corresponding circular slot on the same side may be, for example, 12.00 mm to 12.10 mm (with an optimal width of
12.00 mm). The width and the length (C1 and C2 as indicated in FIG. 2A) of the first surface large rectangle patch 41
may be, for example, 7.49 mm to 7.51 mm (with an optimal width of 7.50 mm) and 8.49 mm to 8.51 mm (with an
optimal length of 8.50 mm) respectively. The width and length (D1 and D2 as indicated in FIG. 2A) of each of the first
surface small rectangle patches 421 to 424 may be, for example, 0.99 mm to 1.01 mm (with an optimal width of 1.00
mm) and 0.99 mm to 1.01 mm (with an optimal length of 1.00 mm) respectively.
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[0040] FIG. 2B is a schematic diagram of a cell design of a second surface unit according to an embodiment of the
disclosure. Referring to FIG. 2B, the second surface unit 5 is located on the second upper surface 21. The original
metal layer (for example, a copper foil with a thickness of 0.035 mm) on the second upper surface 21 is etched to form
the second surface unit 5.

[0041] The second surface unit 5 includes a second surface rectangle patch 51 and two parasitic patch groups 52
and 53. A center of the second surface rectangle patch 51 corresponds to a center of the first liquid crystal layer 8, and
the second surface rectangle patch 51 is the main radiating patch. The parasitic patch group 52 is adjacent to one side
(also called the first side) of the second surface rectangle patch 51, and the parasitic patch group 53 is adjacent to the
other side (also called the second side) of the second surface rectangle patch 51. The first side is opposite to the
second side, that is, the first side is the opposite side of the second side.

[0042] The parasitic patch group 52 includes a second surface large rectangle patch 521, a second surface small
rectangle patch 522, and a second surface strip patch 523. The second surface large rectangle patch 521 is con-
nected to the second surface small rectangle patch 522 through the second surface strip patch 523. Similarly, the
parasitic patch group 53 includes a second surface large rectangle patch 531, a second surface small rectangle patch
532, and a second surface strip patch 533. The second surface large rectangle patch 531 is connected to the second
surface small rectangle patch 532 through the second surface strip patch 533.

[0043] The second surface large rectangle patches 521 and 531 are adjacent to the second surface rectangle patch
51. The second surface small rectangle patches 522 and 532 are connected to an edge of the second upper surface
21.

[0044] A width and a length of the second upper surface 21 are A1 and A2 as indicated in FIG. 2B, respectively.
[0045] A width and a length of the second surface rectangle patch 51 are B1 and B2 as indicated in FIG. 2B,
respectively. A width and a length of each of the second surface large rectangle patches 521 and 531 are C1 and C2
as indicated in FIG. 2B, respectively. A width and a length of each of the second surface small rectangle patches 522
and 532 are D1 and D2 as indicated in FIG. 2B, respectively. A width and a length of each of the second surface strip
patches 523 and 533 are E1 and E2 as indicated in FIG. 2B, respectively. A distance between the second surface
large rectangle patches 521 and 531 and the second surface rectangle patch 51 is d as indicated in FIG. 2B.

[0046] In an embodiment, the width and the length (A1 and A2 as indicated in FIG. 2B) of the second upper surface
21 may be, for example, 49.50 mm to 50.50 mm (with an optimal width of 50.00 mm) and 17.50 to 18.50 mm (with an
optimal length of 18.00 mm), respectively.

[0047] Additionally, regarding a specification of the second surface unit 5, the width and the length (B1 and B2 as
indicated in FIG. 2B) of the second surface rectangle patch 51 may be, for example, 18.99mm to 19.01 mm (with an
optimal width of 19.00 mm) and 8.99 mm to 9.01 mm (with an optimal length of 9.00 mm), respectively. The width and
the length (C1 and C2 as indicated in FIG. 2B) of each of the second surface large rectangle patches 521 and 531
may be, for example, 8.09 mm to 8.11 mm (with an optimal width of 8.10 mm) and 8.09 mm to 8.11 mm (with an
optimal length of 8.10 mm), respectively. The width and the length (D1 and D2 as indicated in FIG. 2B) of each of the
second surface small rectangle patches 522 and 532 may be, for example, 2.99 mm to 3.01 mm (with an optimal width
of 3.00 mm) and 2.99 mm to 3.01 mm (with an optimal length of 3.00 mm), respectively. The width and the length (E1
and E2 as indicated in FIG. 2B) of each of the second surface strip patches 523 and 533 may be, for example, 3.89
mm to 3.91 mm (with an optimal width of 3.90 mm) and 0.99 mm to 1.10 mm (with an optimal length of 1.00 mm),
respectively. The distance (d as indicated in FIG. 2B) between the second surface large rectangle patches 521 and
531 and the second surface rectangle patch 51 may be, for example, 0.49 mm to 0.51 mm (with an optimal length of
0.50 mm).

[0048] FIG. 2C is a schematic diagram of a cell design of a third surface unit according to an embodiment of the
disclosure. Referring to FIG. 2C, the third surface unit 6 is located on the third upper surface 31. The original metal
layer (for example, a copper foil with a thickness of 0.035 mm) of the third upper surface 31 is etched to form the third
surface unit 6. The third surface unit 6 is a metal ground layer. Additionally, since being stacked on the third surface
unit 6, the first liquid crystal layer 8 is also shown in FIG. 2C.

[0049] The third surface unit 6 includes a third surface rectangle patch 61. The third surface rectangle patch 61
includes three third surface slots 621 to 623 arranged sequentially along an X-axis (also called a first direction), and a
center of the second third surface slot 622 corresponds to the center of the first liquid crystal layer 8. The third surface
slots 621 to 623 are, for example, H-shaped slots. A H-shape of the H-shaped slots (that is, the third surface slots 621
to 623) extends along a Y-axis (also called a second direction). The first direction is different from the second direction.
[0050] The third upper surface 31 has the same size as the third surface rectangle patch 61, that is, a width and a
length of the third upper surface 31 are the same as the width and the length of the third surface rectangle patch 61.
The width and the length of the third upper surface 31 (the third surface rectangle patch 61) are A1 and A2 as
indicated in FIG. 2C, respectively.

[0051] The width and the length of the first liquid crystal layer 8 are B1 and B2 as indicated in FIG. 2C, respectively.
[0052] In an embodiment, the width and the length (A1 and A2 as indicated in FIG. 2C) of the third upper surface 31
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may be, for example, 49.50 mm to 50.50 mm (with an optimal width of 50.00 mm) and 19.50 mm to 20.50 mm (with an
optimal length of 20.00 mm), respectively.

[0053] Additionally, the width and the length (B1 and B2 as indicated in FIG. 2C) of the first liquid crystal layer 8 may
be, for example, 40.00 mm to 40.10 mm (with an optimal width of 40.05 mm) and 10.00 mm to 10.10 mm (with an
optimal length of 10.05 mm), respectively.

[0054] Furthermore, regarding a specification of the third surface unit 6, the third surface slots 621 to 623 have the
same specifications. Taking the third surface slot 622 as an example, the lengths of C1, C2, C3, and C4 as indicated in
FIG. 2C are, for example, 3.64 mm to 3.66 mm (with an optimal length of 3.65 mm), less than 3.99 to 4.01 mm (with an
optimal length of 4.00 mm), 0.24 mm to 0.26 mm (with an optimal length of 0.25 mm), and 1.99 mm to 2.01 mm (with
an optimal length of 2.00 mm), respectively. As shown in FIG. 2C, both sides of the H-shaped slot (that is, the third
surface slot 622) have equal length.

[0055] FIG. 2D is a schematic diagram of a cell design of a fourth surface unit according to an embodiment of the
disclosure. Referring to FIG. 2D, the fourth surface unit 7 is located on the third lower surface 32. The original metal
layer (for example, a copper foil with a thickness of 0.035 mm) on the third lower surface 32 is etched to form the fourth
surface unit 7.

[0056] The fourth surface unit 7 is a fourth surface strip patch. Specifically, the fourth surface unit 7 may be, for
example, a microstrip line. The fourth surface strip patch 7 extends along the Y-axis (also called the second direction),
and the fourth surface strip patch 7 corresponds to the center of the first liquid crystal layer 8.

[0057] The third lower surface 32 has the same size as the third upper surface 31. A width and a length of the third
lower surface 32 are A1 and A2 as indicated in FIG. 2D, respectively.

[0058] A width and a length of the fourth surface unit 7 are B1 and B2 as indicated in FIG. 2D, respectively.

[0059] In an embodiment, the width and the length (A1 and A2 as indicated in FIG. 2D) of the third lower surface 32
may be, for example, 49.50 mm to 50.50 mm (with an optimal width of 50.00 mm) and 19.50 mm to 20.50 mm (with an
optimal length of 20.00 mm), respectively.

[0060] Additionally, the width and the length (B1 and B2 as indicated in FIG. 2D) of the fourth surface unit 7 may be,
for example, 0.99 mm to 1.01 mm (with an optimal width of 1.00 mm) and 16.09 mm to 16.11 mm (with an optimal
length of 16.10 mm), respectively.

[0061] Referring to FIG. 1A to FIG. 2D together, the center of the second surface rectangle patch 51 and a center of
the third surface slot 622 correspond to the center of the first liquid crystal layer 8, and the fourth surface strip patch 7
corresponds to the first liquid crystal layer 8.

[0062] The third surface rectangle patch 61 is a metal ground layer, and the fourth surface strip patch 7 is a micro-
strip line. The fourth surface strip patch 7 may be, for example, used as a signal feed line, while the third surface
rectangle patch 61 may be, for example, used as a ground layer for the fourth surface strip patch 7.

[0063] By further explanation, the first liquid crystal layer 8 is disposed between the second substrate layer 2 and the
third substrate layer 3, and both the second substrate layer 2 and the third substrate layer 3 have metal structures.
Specifically, the second upper surface 21 has the second surface rectangle patch 51, and the third upper surface 31
and the third lower surface 32 respectively have third surface rectangle patch 61 and fourth surface strip patch 7 with
metal structures. When a signal is coupled and fed from the fourth surface strip patch 7 into the broadband liquid
crystal array antenna structure, there is a voltage difference between the fourth surface strip patch 7 and the second
surface rectangle patch 51, thereby applying a bias voltage to the first liquid crystal layer 2 to control a beam scanning
function of the broadband liquid crystal array antenna structure.

[0064] It should be noted that, in order to apply a bias voltage to the first liquid crystal layer 8, the edges of both the
second substrate layer 2 and the third substrate layer 3 are designed as metal edges. This approach is a conventional
technical means well known to those skilled in the art, so the edges of the second substrate layer 2 are not specifically
indicated as metal edges in the drawings. The third surface slots 621 and 623 respectively correspond to the second
surface large rectangle patches 521 and 531, and the second surface small rectangle patches 522 and 532 are
connected to the edges of the second substrate layer 2. Therefore, when a signal is coupled and fed from the fourth
surface strip patch 7 into the broadband liquid crystal array antenna structure, the parasitic patch groups 52 and 53
that are not directly connected to a feed source (that is, the fourth surface strip patch 7) and the second surface
rectangle patch 51 (that is, the main radiating patch) generate resonance through coupling, thereby expanding a
bandwidth of the broadband liquid crystal array antenna structure and achieving a function of controlling the beam
scanning direction.

[0065] FIG. 3A is a relationship diagram between return gain and signal frequency of a broadband liquid crystal
array antenna structure according to a first embodiment of the disclosure. FIG. 3B is a radiation pattern diagram of a
broadband liquid crystal array antenna structure according to the first embodiment of the disclosure. An S11 parameter
is also called an input reflection coefficient, which is used to indicate return loss at the signal transmitting end. The
return gain is configured to represent an absolute value of the S11 parameter, with the unit being decibels (dB).
[0066] In this embodiment, referring to FIG. 3A and FIG. 3B, the liquid crystal material used for the first liquid crystal
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layer 8 is JNC ZOC-A018XX.

[0067] The unbiased condition in FIG. 3A and FIG. 3B is configured to indicate the S11 parameter of the broadband
liquid crystal array antenna structure without power applied (that is, the first liquid crystal layer 8 is not applied with the
bias voltage). When the first liquid crystal layer 8 is not applied with the bias voltage, the center operating frequency of
the broadband liquid crystal array antenna structure is 7.08 gigahertz to 7.62 gigahertz, with -10dB as a reference
point, a bandwidth is 0.54 gigahertz, and a bandwidth ratio is 7.2%. In addition, when the first liquid crystal layer 8 is
not applied with the bias voltage, a maximum gain of 6.94dBi is achieved at a 0° reflection angle.

[0068] The first parasitic patch group in FIG. 3A and FIG. 3B is configured to indicate the S11 parameter of the
broadband liquid crystal array antenna structure after the first parasitic patch group (that is, the parasitic patch group
52) is energized. By further explanation, in this embodiment, a 20-volt square wave is generated and provided by a
signal generator (not shown) to the parasitic patch group 52 of the second surface unit 5 and the third surface
rectangle patch 61 (that is, the metal ground layer) of the third surface unit 6. When the parasitic patch group 52 is
applied with a bias voltage, the center operating frequency of the broadband liquid crystal array antenna structure is
7.07 gigahertz to 7.58 gigahertz, with -10dB as the reference point, a bandwidth is 0.51 gigahertz, and a bandwidth
ratio is 6.8%. In addition, when the parasitic patch group 52 is applied with a bias voltage, a maximum gain of 6.53dBi
is achieved at a 42° reflection angle.

[0069] The second parasitic patch group in FIG. 3A and FIG. 3B is configured to indicate the S11 parameter of the
broadband liquid crystal array antenna structure after the second parasitic patch group (that is, the parasitic patch
group 53) is energized. By further explanation, in this embodiment, a 20-volt square wave is generated and provided
by the signal generator to the parasitic patch group 53 of the second surface unit 5 and the third surface rectangle
patch 61 (that is, the metal ground layer) of the third surface unit 6. When the parasitic patch group 53 is applied with a
bias voltage, the center operating frequency of the broadband liquid crystal array antenna structure is 7.07 gigahertz to
7.58 gigahertz, with -10dB as the reference point, a bandwidth is 0.50 gigahertz, and a bandwidth ratio is 6.8%. When
the parasitic patch group 53 is applied with a bias voltage, a maximum gain of 6.57dBi is achieved at a -42° reflection
angle.

[0070] FIG. 4A is a relationship diagram between return gain and signal frequency of a broadband liquid crystal
array antenna structure according to a second embodiment of the disclosure. FIG. 4B is a radiation pattern diagram of
a broadband liquid crystal array antenna structure according to the second embodiment of the disclosure. In this
embodiment, referring to FIG. 4A and FIG. 4B, the liquid crystal material used for the first liquid crystal layer 8 is
MERCK E7.

[0071] As shown in FIG. 4A and FIG. 4B, when the first liquid crystal layer 8 is not applied with the bias voltage, the
center operating frequency of the broadband liquid crystal array antenna structure is 7.04 gigahertz to 7.61 gigahertz,
with -10dB as the reference point, a bandwidth is 0.57 gigahertz, and a bandwidth ratio is 7.26%. In addition, when the
first liquid crystal layer 8 is not applied with the bias voltage, a maximum gain of 3.94dBi is achieved at a 0° reflection
angle.

[0072] As shown in FIG. 4A and FIG. 4B, when the parasitic patch group 52 is applied with the bias voltage, the
center operating frequency of the broadband liquid crystal array antenna structure is 7.03 gigahertz to 7.58 gigahertz,
with -10dB as the reference point, a bandwidth is 0.55 gigahertz, and a bandwidth ratio is 7.30%. In addition, when the
parasitic patch group 52 is applied with the bias voltage, a maximum gain of 4.26dBi is achieved at a 52° reflection
angle.

[0073] As shown in FIG. 4A and FIG. 4B, when the parasitic patch group 53 is applied with the bias voltage, the
center operating frequency of the broadband liquid crystal array antenna structure is 7.04 gigahertz to 7.58 gigahertz,
with -10dB as the reference point, a bandwidth is 0.54 gigahertz, and a bandwidth ratio is 7.20%. In addition, when the
parasitic patch group 53 is applied with the bias voltage, a maximum gain of 4.26dBi is achieved at a -52° reflection
angle.

[0074] FIG. 5A is a relationship diagram between return gain and signal frequency of a broadband liquid crystal
array antenna structure according to a third embodiment of the disclosure. FIG. 5B is a radiation pattern diagram of a
broadband liquid crystal array antenna structure according to the third embodiment of the disclosure. In this embodi-
ment, referring to FIG. 5A and FIG. 5B, the liquid crystal material used for the first liquid crystal layer 8 is MERCK
GT7-29001.

[0075] As shown in FIG. 5A and FIG. 5B, when the first liquid crystal layer 8 is not applied with the bias voltage, the
center operating frequency of the broadband liquid crystal array antenna structure is 7.11 gigahertz to 7.66 gigahertz,
with -10dB as the reference point, a bandwidth is 0.55 gigahertz, and a bandwidth ratio is 7.30%. In addition, when the
first liquid crystal layer 8 is not applied with the bias voltage, a maximum gain of 7.02dBi is achieved at a 0 degree
reflection angle.

[0076] As shown in FIG. 5A and FIG. 5B, when the parasitic patch group 52 is applied with the bias voltage, the
center operating frequency of the broadband liquid crystal array antenna structure is 7.09 gigahertz to 7.61 gigahertz,
with -10dB as the reference point, a bandwidth is 0.52 gigahertz, and a bandwidth ratio is 6.90%. In addition, when the
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parasitic patch group 52 is applied with the bias voltage, a maximum gain of 6.23dBi is achieved at a 42° reflection
angle.

[0077] As shown in FIG. 5A and FIG. 5B, when the parasitic patch group 53 is applied with the bias voltage, the
center operating frequency of the broadband liquid crystal array antenna structure is 7.08 gigahertz to 7.60 gigahertz,
with -10dB as the reference point, a bandwidth is 0.52 gigahertz, and a bandwidth ratio is 6.90%. In addition, when the
parasitic patch group 53 is applied with the bias voltage, a maximum gain of 6.25dBi is achieved at a -42° reflection
angle.

[0078] Based on the aforementioned FIG. 3A to FIG. 5B, it may be known that a range (also called a first angular
range) for the broadband liquid crystal array antenna structure to perform beam scanning is determined by the
material of the first liquid crystal layer 8. If the material of the first liquid crystal layer 8 is JNC ZOC-A018XX or MERCK
GT7-29001, when the first liquid crystal layer 8 is applied with the bias voltage, the broadband liquid crystal array
antenna structure may perform beam scanning based on the first scanning angle (that is, -42° to 42°). Furthermore, if
the material of the first liquid crystal layer 8 is MERCK E7, when the first liquid crystal layer 8 is applied with the bias
voltage, the first scanning angle is -52° to 52°.

[0079] For ease of understanding, characteristics of the broadband liquid crystal array antenna structure using
different liquid crystal materials are listed in Table 2, where -10dB and center operating frequency of 7.50 kilohertz
are used as reference in Table 2.

Table 2
Liquid crystal material Center operating Size (mm) | Bandwidth (%) | Scanningrange(°) | Gain (dBi)
frequency (GHz)
JNC ZOC-A018XX 7.50 50*20 7.20 -42° to 42° 6.94
MERCK E7 7.50 50*20 7.60 -52° to 52° 3.96
MERCK GT7-29001 7.50 50*20 7.30 -42° to 42° 7.20

[0080] In summary, the broadband liquid crystal array antenna structure provided by the embodiments of the
disclosure controls the scanning beam thereof by using the liquid crystal material. When the liquid crystal material is
applied with the bias voltage, the broadband liquid crystal array antenna structure may perform beam scanning based
on a wide scanning range (-42° to 42°, or -52° to 52°), and the continuous scanning range may cover 84° (or 104°), so
that the requirement of high-precision ultra-wide band (UWB) indoor positioning is met.

Claims
1. A broadband liquid crystal array antenna structure, comprising:

a first substrate layer (1), having a first upper surface (11) and a first lower surface (12);

a second substrate layer (2), having a second upper surface (21) and a second lower surface (22);

a third substrate layer (3), having a third upper surface (31) and a third lower surface (32);

a first liquid crystal layer (8), stacked and connected between the second substrate layer (2) and the third
substrate layer (3);

a first surface unit (4), arranged on the first upper surface (11);

a second surface unit (5), arranged on the second upper surface (21);

a third surface unit (6), arranged on the third upper surface (31); and

a fourth surface unit (7), arranged on the third lower surface (32),

wherein when the first liquid crystal layer (8) is applied with a bias voltage, the broadband liquid crystal array
antenna structure performs beam scanning based on a first angular range.

2. The broadband liquid crystal array antenna structure according to claim 1,

wherein the first surface unit (4) comprises a first surface large rectangle patch (41) and four first surface
small rectangle patches (421, 422, 423, 424),

wherein a center of the first surface large rectangle patch (41) corresponds to a center of the first liquid crystal
layer (8),

wherein two (421, 422) of the four first surface small rectangle patches (421, 422, 423, 424) are adjacent to a
first side of the first surface large rectangle patch (41), and another two (423, 424) of the four first surface
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small rectangle patches (421, 422, 423, 424) are adjacent to a second side of the first surface large rectangle
patch (41), and
wherein the first side is opposite to the second side.

The broadband liquid crystal array antenna structure according to claim 1,

wherein the second surface unit (5) comprises a second surface rectangle patch (51) and two parasitic patch
groups (52, 53),

wherein a center of the second surface rectangle patch (51) corresponds to a center of the first liquid crystal
layer (8),

wherein one (52) of the parasitic patch groups (52, 53) is adjacent to a first side of the second surface
rectangle patch (51), and another one (53) of the parasitic patch groups (52, 53) is adjacent to a second side
of the second surface rectangle patch (51), and

wherein the first side is opposite to the second side.

The broadband liquid crystal array antenna structure according to claim 3,
wherein the second surface rectangle patch (51) is a main radiating patch.

The broadband liquid crystal array antenna structure according to claim 3,

wherein each of the parasitic patch groups (52, 53) comprises a second surface large rectangle patch (521), a
second surface small rectangle patch (522), and a second surface strip patch (523),

wherein the second surface large rectangle patch (521) is connected to the second surface small rectangle
patch (522) through the second surface strip patch (523),

wherein the second surface large rectangle patch (521) is adjacent to the second surface rectangle patch
(51), and

wherein the second surface small rectangle patch (522) is connected to an edge of the second upper surface
(21).

The broadband liquid crystal array antenna structure according to claim 1, wherein the third surface unit (6) is a
metal ground layer.

The broadband liquid crystal array antenna structure according to claim 1,
wherein the third surface unit (6) comprises a third surface rectangle patch (61), and
wherein the third surface rectangle patch (61) comprises three third surface slots (621, 622, 623) arranged
sequentially along a first direction, and a center of a second third surface slot (622) of the three third surface
slots (621, 622, 623) corresponds to a center of the first liquid crystal layer (8).
The broadband liquid crystal array antenna structure according to claim 7,
wherein the third surface slot (621, 622, 623) is an H-shaped slot,
wherein a H-shape of the third surface slot (621, 622, 623) extends along a second direction, and
wherein the first direction is relative to the second direction.
The broadband liquid crystal array antenna structure according to claim 1,
wherein the fourth surface unit (7) is a fourth surface strip patch (7), and
wherein the fourth surface strip patch (7) extends along a second direction and corresponds to a center of the

first liquid crystal layer (8).

The broadband liquid crystal array antenna structure according to claim 9,
wherein the fourth surface strip patch (7) is a signal feed line.

The broadband liquid crystal array antenna structure according to claim 9,
wherein the fourth surface strip patch (7) is a microstrip line.

The liquid crystal array antenna structure according to claim 1, wherein the first surface unit (4), the second
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surface unit (5), the third surface unit (6), and the fourth surface unit (7) are formed by metal materials.

13. The liquid crystal array antenna structure according to claim 1, wherein the first angular range is determined by a
material of the first liquid crystal layer (8).

14. The liquid crystal array antenna structure according to claim 1, wherein the first angular range is between -42° and
42°,

15. The liquid crystal array antenna structure according to claim 1, wherein the first angular range is between -52° and
52°.

Amended claims in accordance with Rule 137(2) EPC.
1. A broadband liquid crystal array antenna structure, comprising:

a first substrate layer (1), having a first upper surface (11) and a first lower surface (12);

a second substrate layer (2), having a second upper surface (21) and a second lower surface (22);

a third substrate layer (3), having a third upper surface (31) and a third lower surface (32);

a first liquid crystal layer (8), stacked and connected between the second substrate layer (2) and the third
substrate layer (3);

a first surface unit (4), arranged on the first upper surface (11);

a second surface unit (5), arranged on the second upper surface (21);

a third surface unit (6), arranged on the third upper surface (31); and

a fourth surface unit (7), arranged on the third lower surface (32),

wherein when the first liquid crystal layer (8) is applied with a bias voltage, the broadband liquid crystal array
antenna structure performs beam scanning based on a first angular range,

wherein the first surface unit (4) comprises a first surface large rectangle patch (41) and four first surface
small rectangle patches (421, 422, 423, 424),

wherein a center of the first surface large rectangle patch (41) corresponds to a center of the first liquid crystal
layer (8),

wherein two (421, 422) of the four first surface small rectangle patches (421, 422, 423, 424) are adjacent to a
first side of the first surface large rectangle patch (41), and another two (423, 424) of the four first surface
small rectangle patches (421, 422, 423, 424) are adjacent to a second side of the first surface large rectangle
patch (41), and

wherein the first side is opposite to the second side.

2. The broadband liquid crystal array antenna structure according to claim 1,

wherein the second surface unit (5) comprises a second surface rectangle patch (51) and two parasitic patch
groups (52, 53),

wherein a center of the second surface rectangle patch (51) corresponds to a center of the first liquid crystal
layer (8),

wherein one (52) of the parasitic patch groups (52, 53) is adjacent to a first side of the second surface
rectangle patch (51), and another one (53) of the parasitic patch groups (52, 53) is adjacent to a second side
of the second surface rectangle patch (51), and

wherein the first side is opposite to the second side.

3. The broadband liquid crystal array antenna structure according to claim 2,
wherein the second surface rectangle patch (51) is a main radiating patch.

4. The broadband liquid crystal array antenna structure according to claim 2,

wherein each of the parasitic patch groups (52, 53) comprises a second surface large rectangle patch (521), a
second surface small rectangle patch (522), and a second surface strip patch (523),

wherein the second surface large rectangle patch (521) is connected to the second surface small rectangle
patch (522) through the second surface strip patch (523),

wherein the second surface large rectangle patch (521) is adjacent to the second surface rectangle patch
(51), and

11
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wherein the second surface small rectangle patch (522) is connected to an edge of the second upper surface
(21).

The broadband liquid crystal array antenna structure according to claim 1, wherein the third surface unit (6) is a
metal ground layer.

The broadband liquid crystal array antenna structure according to claim 1,
wherein the third surface unit (6) comprises a third surface rectangle patch (61), and
wherein the third surface rectangle patch (61) comprises three third surface slots (621, 622, 623) arranged
sequentially along a first direction, and a center of a second third surface slot (622) of the three third surface
slots (621, 622, 623) corresponds to a center of the first liquid crystal layer (8).
The broadband liquid crystal array antenna structure according to claim 6,
wherein the third surface slot (621, 622, 623) is an H-shaped slot,
wherein a H-shape of the third surface slot (621, 622, 623) extends along a second direction, and
wherein the first direction is relative to the second direction.
The broadband liquid crystal array antenna structure according to claim 1,
wherein the fourth surface unit (7) is a fourth surface strip patch (7), and
wherein the fourth surface strip patch (7) extends along a second direction and corresponds to a center of the

first liquid crystal layer (8).

The broadband liquid crystal array antenna structure according to claim 8,
wherein the fourth surface strip patch (7) is a signal feed line.

The broadband liquid crystal array antenna structure according to claim 8,
wherein the fourth surface strip patch (7) is a microstrip line.

The liquid crystal array antenna structure according to claim 1, wherein the first surface unit (4), the second
surface unit (5), the third surface unit (6), and the fourth surface unit (7) are formed by metal materials.

The liquid crystal array antenna structure according to claim 1, wherein the first angular range is determined by a
material of the first liquid crystal layer (8).

12
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