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(57) ABSTRACT

A multi-line phase shifter of a multi-band mobile commu-
nication base station antenna includes: a multi-line phase
shifting circuit for receiving an input signal of a first
frequency band, and dividing and phase-shifting the input
signal so as to correspond to a plurality of radiation ele-
ments; and a plurality of frequency combination/division
circuits for receiving a plurality of signals divided and
phase-shifted by the multi-line phase shifting circuit and a
plurality of signals of a second frequency band which have
been inputted by being divided and phase-shifted for a
plurality of radiation elements by an external multi-line
phase shifter, combining corresponding signals, and output-
ting the same to the plurality of radiation elements.

First radiation Second radiation
element(211)  element(212)

Third
radiation
element
(213)
211~ 2212
224 7| 22131 .. 291
B 12210
a0
22
¥ . 25|
9215 — T~ 2214
E I
v . - e
In2 In1  Fifth radiation Fourth radiation

(Band2) Bandl) element(215)  element(214)



Patent Application Publication  Apr. 19,2018 Sheet 1 of 3 US 2018/0108962 A1

FIG. 1

10

/
111
—jx/m
112
—jr;/m
121
12— — 13
1133
114
—jx/m
115
—jﬁ/%

2 Int

(Band2) (Band1)



Patent Application Publication  Apr. 19,2018 Sheet 2 of 3 US 2018/0108962 A1

FIG. 2

20
v, 20

_______ Y S
[] |
| 22 2211 |

212 | (IR 210 |
| TTT]-2213 |
| ~210 | N}/ ||
= A N '
| = | ’ 22f ’
| = _jr“+4w | TE-2215 |
229 | | CT T “22ot4 |
L M_JT/A\\\—1/21 ] I |

~— 214

T
j7 —215

n2 It
(Band2) (Band1)



US 2018/0108962 A1

Apr. 19,2018 Sheet 3 of 3

Patent Application Publication

FIG. 3

First radiation Second radiation

st
—_
= = o)
= o
£5 58
Sod
= o N (=) M
ST N - N AN
\ S R )
) & o
= (8§ ! k! (
< :
=)
= g =8 \
Bog | ®
@ I
N
\\\\\\\\\\\\ La-1) N
o _ \\l J
— = T =
- m_m f ﬂﬁm
o |
et L8 | | . | e
S o ] N & B
amu © ] 3] ©
o
R ) N
] F N /
b Qe
& &

element(214)

\j

Fifth radiation Fourth radiation

Y
In1

(Band1) glement(215)

\j

(Band2)



US 2018/0108962 Al

MULTI-LINE PHASE SHIFTER OF
MULTI-BAND MOBILE COMMUNICATION
BASE STATION ANTENNA

TECHNICAL FIELD

[0001] The present invention relates to an antenna that can
be applied to a base station or a relay station in a network of
mobile communications, such as PCS, cellular, CDMA,
GSM, and LTE, and more particularly, to a multi-line phase
shifter (MLPS) used to adjust vertical beam tilt of multi-
band in a multi-band antenna device.

BACKGROUND ART

[0002] In the current mobile communication environment,
second generation (2G), 3G, and 4G long term evolution
(LTE) have been commercialized, and introduction of the
next-generation 5G system has been considered. In accor-
dance with communication systems, communication service
providers, and nations, various mobile communication ser-
vice frequency bands coexist, and base station environments
have also been diversified. Accordingly, in order to imple-
ment an efficient base station system and to save the base
station operation cost, broadband and multi-band systems
that can cover various service bands have been constructed
in a base station (and base station antenna).

[0003] FIG. 1 is a schematic block diagram illustrating an
example of the configuration of a general multi-band mobile
communication base station antenna. Referring to FIG. 1, a
multi-band mobile communication base station antenna 10
has a multi-band antenna structure capable of servicing a
first frequency band Bandl and a second frequency band
Band2. The first frequency band may be, for example, a
US-personal communication service (US-PCS) band of 1.9
GHz (e.g., 1.850 to 1.995 GHz), and the second frequency
band may be, for example, a broadband radio service (BRS)
band of 2.5 GHz (e.g., 2.495 to 2.690 GHz).

[0004] In the base station antenna 10, although separate
radiation elements for respective frequency bands may be
provided, for miniaturization of the corresponding base
station antenna 10, a plurality of radiation elements of
common first and second frequency bands, for example, first
to fifth radiation elements 111, 112, 113, 114, and 115, may
be configured to be vertically arranged in a line. The first to
fifth radiation elements 111 to 115 are broadband radiation
elements having the broadband characteristics, and are pro-
vided to cover a band having about 45% fractional band-
width. The radiation elements may have, for example, the
operation characteristic of 1710 to 2690 MHz.

[0005] In such a structure, in order to provide an electri-
cally vertical tilt with respect to the overall radiated beams
of the first frequency band, an input signal In1 of the first
frequency band is dividedly output to the first to fifth
radiation elements 111 to 115, and phases of respective
divided signals through the first to fifth radiation elements
111 to 115 are shifted by a first multi-line phase shifter 121
so that the divided signals have predetermined phase differ-
ences between them. In the same manner, in order to provide
an electrically vertical tilt with respect to the overall radiated
beams of the second frequency band, an input signal In2 of
the second frequency band is dividedly output to the first to
fifth radiation elements 111 to 115, and phases of respective
divided signals through the first to fifth radiation elements
111 to 115 are shifted by a second multi-line phase shifter
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122 so that the divided signals have predetermined phase
differences between them. An example of such first and
second multi-line phase shifters 121 and 122 is disclosed in
the applicant’s prior application, Korean Patent Application
No. 2009-40978 (title: Multi-line phase shifter for vertical
beam tilt control antenna, application date: May 11, 2009,
Inventors: Young-chan Moon, O-suk Choi, In-ho Kim, and
kwang-suk Choi).

[0006] On the other hand, the plurality of divided signals
through the first to fifth radiation elements 111 to 115 of the
first multi-line phase shifter 121 and the plurality of divided
signals through the first to fifth radiation elements 111 to 115
of the second multi-line phase shifter 122 are correspond-
ingly combined through first to fifth frequency combiners/
dividers 131, 132, 133, 134, and 135 to be provided to the
corresponding radiation elements. In this case, transferring
of the plurality of signals between the first and second
multi-line phase shifters 121 and 122 and the first to fifth
frequency combiners/dividers 131 to 135 is performed
through a feeding cable of a predetermined standard, such as
a coaxial cable. Each of the first to fifth frequency combin-
ers/dividers 131 to 135 may have a diplexer or duplexer
structure in which a filter portion for filtering the first
frequency band and a filter portion for filtering the second
frequency band are combined.

[0007] As illustrated in FIG. 1, in a multi-band base
station antenna, the respective bands have different electrical
beam tilting conditions, and separate multi-line phase shift-
ers are required to perform beam tilting for the respective
bands. In this case, since a relatively large number of feeding
cables should be installed for connection between the
respective multi-line phase shifters and the plurality of
frequency combiners/dividers, the multi-band base station
antenna has the problem that the internal structure of the
multi-band base station antenna becomes complicated or the
overall size is increased.

[0008] In order to solve this problem, various schemes for
optimizing the installation locations or connection structures
of the plurality of multi-line phase shifters and the plurality
of frequency combiners/dividers in the multi-band base
station antenna have been considered, but their effects are
relatively insignificant.

Invention

Technical Problem

[0009] One aspect of the present invention is to provide a
multi-line phase shifter capable of reducing the number of
feeding cables required in a multi-band mobile communi-
cation base station antenna.

[0010] Another aspect of the present invention is to pro-
vide a multi-line phase shifter of a multi-band mobile
communication base station antenna capable of having a
more optimized structure.

Technical Solution

[0011] In one aspect of the present invention, a multi-line
phase shifter of a multi-band mobile communication base
station antenna includes: a multi-line phase shifting circuit
configured to receive an input signal of a first frequency
band and to divide and phase-shift the received signal so as
to correspond to a plurality of radiation elements; and a
plurality of frequency combination/division circuits config-
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ured to receive a plurality of signals divided and phase-
shifted by the multi-line phase shifting circuit and a plurality
of signals of a second frequency band divided and phase-
shifted for the plurality of radiation elements and input by an
external multi-line phase shifter, to combine the correspond-
ing signals, and to output the combined signals to the
plurality of radiation elements.

[0012] Each of the plurality of frequency combination/
division circuits may have a diplexer or duplexer circuit
structure in which a filter portion configured to filter the first
frequency band and a filter portion configured to filter the
second frequency band are structurally combined.

[0013] The multi-line phase shifting circuit may include a
circuit pattern formed on a PCB type main board to phase-
shift and divide a signal input to an input port that receives
the input signal of the first frequency band to a plurality of
output points; each of the plurality of frequency combina-
tion/division circuits may be implemented by a PCB type
diplexer or duplexer circuit pattern on the main board; and
in each of the plurality of frequency combination/division
circuits, a first input terminal of the diplexer or duplexer
circuit pattern may be connected to a corresponding one of
the plurality of output points of the multi-line phase shifting
circuit, a second input terminal of the diplexer or duplexer
circuit pattern may receive a corresponding one of the
plurality of signals of the second frequency band provided
from the other multi-line phase shifter as a sub input port of
the multi-line phase shifter, and a common terminal of the
diplexer or duplexer circuit pattern may be connected to a
corresponding one of the plurality of radiation elements as
an output port of the multi-line phase shifter.

[0014] In another aspect of the present invention, a multi-
band mobile communication base station antenna includes:
a plurality of radiation elements configured to service at
least a common band of a first frequency band and a second
frequency band; a first multi-line phase shifter configured to
receive an input signal of the first frequency band, to divide
and output the received signal so as to correspond to the
plurality of radiation elements, and to phase-shift the signals
divided to each of the plurality of radiation elements; and a
second multi-line phase shifter configured to receive an
input signal of the second frequency band, to divide and
output the received signal so as to correspond to the plurality
of radiation elements, and to phase-shift the signals divided
to each of the plurality of radiation elements, wherein the
first multi-line phase shifter includes a multi-line phase
shifting circuit configured to receive the input signal of the
first frequency band and to divide and phase-shift the
received signal so as to correspond to the plurality of
radiation elements; and a plurality of frequency combina-
tion/division circuits configured to receive a plurality of
signals divided and phase-shifted by the multi-line phase
shifting circuit and a plurality of signals of the second
frequency band divided and phase-shifted for the plurality of
radiation elements and input by the second multi-line phase
shifter, to combine the corresponding signals, and to output
the combined signals to the plurality of radiation elements.

Advantageous Effects

[0015] As described above, the multi-line phase shifter
structure of the multi-band mobile communication base
station antenna according to the present invention can
reduce the number of feeding cables required in the antenna,
and enable the antenna to have a more optimized structure.
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DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a schematic block diagram illustrating an
example of the configuration of a general multi-band mobile
communication base station antenna;

[0017] FIG. 2 is a schematic block diagram illustrating the
configuration of a multi-band mobile communication base
station antenna according to an embodiment of the present
invention; and

[0018] FIG. 3 is a diagram illustrating the detailed con-
figuration of the multi-line phase shifters in FIG. 2.

BEST MODE

[0019] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings.

[0020] FIG. 2 is a schematic block diagram illustrating the
configuration of a multi-band mobile communication base
station antenna according to an embodiment of the present
invention. Referring to FIG. 2, in the same manner as
described in the related art, a multi-band mobile communi-
cation base station antenna 20 according to an embodiment
of the present invention has a multi-band antenna structure
that services a first frequency band Bandl and a second
frequency band Band2. Further, a plurality of radiation
elements of common first and second frequency bands, for
example, first to fifth radiation elements 211, 212, 213, 214,
and 215, are configured to be vertically arranged in a line.
[0021] Further, in order to provide an electrically vertical
tilt with respect to the overall radiated beams of the first
frequency band, an input signal Inl of the first frequency
band is dividedly output to correspond to the first to fifth
radiation elements 211 to 215, and phases of respective
divided signals through the radiation elements 211 to 215 are
shifted by a first multi-line phase shifter 221 so that the
divided signals through the radiation elements 211 to 215
have predetermined phase differences between them. In the
same manner, in order to provide an electrically vertical tilt
with respect to the overall radiated beams of the second
frequency band, an input signal In2 of the second frequency
band is dividedly output to correspond to the first to fifth
radiation elements 211 to 215, and phases of respective
divided signals through the first to fifth radiation elements
211 to 215 are shifted by a second multi-line phase shifter
222 so that the divided signals through the radiation ele-
ments 211 to 215 have predetermined phase differences
between them.

[0022] However, in the multi-band mobile communication
base station antenna 20 according to an embodiment of the
present invention, the first multi-line phase shifter 221 is
connected to the first to fifth radiation elements 211 to 215
through feeding cables, whereas the second multi-line phase
shifter 222 is not directly connected to the first to fifth
radiation elements 211 to 215, but is configured to provide
the signals divided and phase-shifted to correspond to the
first to fifth radiation elements 211 to 215 to the first
multi-line phase shifter 221.

[0023] As illustrated in detail as a tetragonal box A
indicated by a dashed dotted line in FIG. 2, the first
multi-line phase shifter 221 includes a multi-line phase
shifting circuit 2210 configured to receive the input signal
In1 of the first frequency band and to divide and phase-shift
the received signal so as to correspond to the first to fifth
radiation elements 211 to 215; and first to fifth frequency
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combination/division circuits 2211, 2212, 2213, 2214, and
2215 configured to receive a plurality of signals divided and
phase-shifted by the corresponding multi-line phase shifting
circuit 2210 and a plurality of signals divided and phase-
shifted for the first to fifth radiation elements 211 to 215 and
input by the second multi-line phase shifter 222, to combine
the corresponding signals, and to output the combined
signals toward the first to fifth radiation elements 211 to 215.
Each of the first to fifth frequency combination/division
circuits 2211 to 2215 may have a diplexer or duplexer circuit
structure in which a filter portion configured to filter the first
frequency band and a filter portion configured to filter the
second frequency band are structurally combined.

[0024] According to the above-described structure, it can
be known that the second multi-line phase shifter 222 may
have a general multi-line phase shifter structure, but the first
multi-line phase shifter 221 may have a structure in which
a diplexer or a duplexer is included in each output terminal
of an internal circuit. Through such a structure, output
signals of the second frequency band of the second multi-
line phase shifter 222 are combined with signals of the first
frequency band to be output from the first multi-line phase
shifter 221, and the output signals of the first multi-line
phase shifter 221 are finally provided to the radiation
elements through the feeding cables.

[0025] In this case, the second multi-line phase shifter 222
and the first multi-line phase shifter 221 may be deployed
adjacent to each other, and may be connected to each other
using relatively short feeding lines (e.g., feeding cables).
Accordingly, as compared with the related art, since it is not
necessary to provide feeding cables for connecting the
signals divided and phase-shifted by the second multi-line
phase shifter 222 to the respective radiation elements, the
overall necessary feeding cables can be reduced, and the
antenna internal structure can be simplified to achieve a
stable mechanical structure.

[0026] FIG. 3 is a diagram illustrating the detailed con-
figuration of the multi-line phase shifters in FIG. 2. Refer-
ring to FIG. 3, the internal structure of the first and second
multi-line phase shifters 221 and 222 will be described in
more detail. First, the second multi-line phase shifter 222
may be provided with a PCB type main board on which a
circuit pattern for dividing and phase-shifting signals is
formed as a primary configuration. On the PCB type main
board, an input port b0 for receiving an input signal In2 of
the second frequency band and first to fifth output ports b1,
b2, b3, b4, and b5 for outputting divided and phase-shifted
signals to be provided toward the first to fifth radiation
elements 211 to 215 are properly formed. Further, on the
main board, a circuit pattern for phase-shifting and dividing
the signal input to the input port b0 to the first to fifth output
ports bl, b2, b3, b4, and b5 is properly formed. In this case,
the division ratio of the input signals divided to the respec-
tive ports may not be equally determined, but may be
properly predetermined.

[0027] In the second multi-line phase shifter 222 having
the above-described configuration, the circuit pattern for the
phase shifting may be actually formed as a line with a
variable length that interlocks with a circuit pattern of a
separately provided sub (moving) board (not illustrated) to
have a structure capable of performing phase shift. In
addition, the second multi-line phase shifter 222 may be
provided with a housing for seating thereon and supporting
the main board. This configuration is similar to a multi-line
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phase shifter structure disclosed in Korean Patent Applica-
tion No. 2009-40978, and thus the multi-line phase shifter
structure disclosed in the Korean Patent Application No.
2009-40978 may be adopted as it is.

[0028] Next, as for the structure of the first multi-line
phase shifter 221, the first multi-line phase shifter 221 may
include a PCB type main board as its primary configuration,
on which a multi-line phase shifting circuit 2210 having a
circuit pattern configured to divide and phase-shift the
signal, and a plurality of, that is, first to fifth frequency
combination/division circuits 2211, 2212, 2213, 2214, and
2215 having circuit patterns for frequency combination/
division connected to the circuit pattern of the multi-line
phase shifting circuit 2210 are formed.

[0029] On the PCB type main board, the circuit pattern
that forms the multi-line phase shifting circuit 2210 is
formed in a manner that an input port a0 for receiving an
input signal Inl of the first frequency band and first to fifth
output points al0, a20, a30, a40, and a50 for outputting the
divided and phase-shifted signals to be provided toward the
first to fifth radiation elements 211 to 215 are formed, and a
circuit pattern for dividing and phase-shifting the signal
input to the input port a0 toward the first to fifth output
points al0, a20, a30, a40, and a50 is properly formed.
[0030] Further, on the main board, the first to fifth output
points al0, a20, a30, a40, and a50 of the multi-line phase
shifting circuit 2210 are respectively connected to first to
fifth input points all, a21, a31, a41, and a51 corresponding
to the first to fifth frequency combination/division circuits
2211, 2212, 2213, 2214, and 2215. The first to fifth fre-
quency combination/division circuits 2211 to 2215 may be
implemented, for example, by a PCB type diplexer (or
duplexer) circuit pattern, and in this case, first input termi-
nals of the corresponding diplexer (or duplexer) circuit
patterns for the first to fifth frequency combination/division
circuits 2211 to 2215 correspond to the first to fifth input
points all, a21, a31, a41, and a51.

[0031] Further, the first to fifth frequency combination/
division circuits 2211 to 2215 are configured to receive the
signals output from the first to fifth output ports bl to b5 of
the second multi-line phase shifter 222 through the second
input terminals of the corresponding diplexer circuit pat-
terns. For example, the signal output from the first output
port bl of the second multi-line phase shifter 222 is input to
the first sub input port al2 of the first multi-line phase shifter
221 to be provided to the first frequency combination/
division circuit 2111, and in the same manner, the signals
output from the second to fifth output ports b2 to b5 of the
second multi-line phase shifter 222 are input to the second
to fifth sub input ports a22, a32, a42, and a52 of the first
multi-line phase shifter 221 to be provided to the second to
fifth frequency combination/division circuits 2212 to 2215.
That is, the second input terminals of the corresponding
diplexer circuit patterns of the first to fifth frequency com-
bination/division circuits 2211 to 2215 correspond to the
first to fifth sub input ports al2, a22, a32, a42, and a52.

[0032] Further, the first to fifth frequency combination/
division circuits 2211 to 2215 are configured so that the
signals output from common terminals of the corresponding
diplexer circuit patterns are provided to the corresponding
first to fifth radiation elements 211 to 215. For example, the
common terminal of the first frequency combination/divi-
sion circuit 2211 corresponds to the first output port al3 of
the corresponding first multi-line phase shifter 221, and is
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connected to the first radiation element 211. In the same
manner, the common terminals of the second to fifth fre-
quency combination/division circuits 2212 to 2215 corre-
spond to the second to fifth output ports a23, a33, a43, and
a53 of the corresponding first multi-line phase shifter 221,
and are connected to the second to fifth radiation elements
212 to 215, respectively.

[0033] In the multi-line phase shifting circuit 2210 of the
first multi-line phase shifter 221 having the above-described
configuration, the circuit pattern for the phase shifting may
be actually formed as a line with a variable length that
interlocks with a circuit pattern of a separately provided sub
(moving) board (not illustrated) to have a structure capable
of performing the phase shift. In addition, the first multi-line
phase shifter 221 may be provided with a housing for seating
thereon and supporting the main board.

[0034] As illustrated in FIG. 3, in the first multi-line phase
shifter 221, the multi-line phase shifting circuit 2210 and the
first to fifth frequency combination/division circuits 2211,
2212, 2213, 2214, and 2215 are integrally formed on one
PCB type main board. Accordingly, in the case of being
applied to the multi-band mobile communication base sta-
tion antenna, as compared with the related art, the installa-
tion region of the feeding cables can be reduced as a whole,
and the antenna internal structure can be simplified.

[0035] The multi-line phase shifter of the multi-band
mobile communication base station antenna according to the
embodiments of the present invention may be configured
and operated as described above. Although the detailed
embodiments of the present invention have been described,
various modifications may be made without departing from
the scope of the present invention.

[0036] For example, in the multi-band mobile communi-
cation base station antenna as described above, configura-
tions that are not related to the present invention have been
simplified or omitted. In the multi-band mobile communi-
cation base station antenna according to an embodiment of
the present invention, the first to fifth radiation elements 211
to 215, in the same manner as the general structure, may be
installed on one surface (e.g., front surface) of a metal plate
shaped reflective plate (not illustrated) having a relative
large area as a whole, and the first and second multi-line
phase shifters 221 and 222 may be installed on the other
surface (e.g., rear surface) of the reflective plate. Further, in
the corresponding mobile communication base station
antenna, various components applied to the mobile commu-
nication base station antenna having a general structure, for
example, an additional division/combination circuit, an
amplifier, and a filter, may be provided, and further, various
electronic components (not illustrated), such as a sensing
circuit for sensing various operating states of the antenna
including a signal transmission quality and a main control
device (e.g., MCU) for controlling the overall operation,
may be appropriately provided.

[0037] From the foregoing, although it is exemplified that
5 radiation elements are provided in the multi-mode mobile
communication base station antenna, various numbers of
radiation elements may be deployed, and thus various num-
bers of frequency division/combination circuits may be
designed to be formed in the second multi-line phase shifter.
[0038] In addition to the above-described embodiments,
various modifications and changes may be made with
respect to the detailed structure of the circuit patterns on the
main board of the multi-line phase shifting circuit or the
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frequency division/combination circuits in the first or second
multi-line phase shifter, and thus the scope of the present
invention should not be determined by the above-described
embodiments, but should be determined by the appended
claims and equivalents thereof.

What is claimed is:

1. A multi-line phase shifter of a multi-band mobile
communication base station antenna, comprising:

a multi-line phase shifting circuit configured to receive an
input signal of a first frequency band and to divide and
phase-shift the received signal so as to correspond to a
plurality of radiation elements; and

a plurality of frequency combination/division circuits
configured to receive a plurality of signals divided and
phase-shifted by the multi-line phase shifting circuit
and a plurality of signals of a second frequency band
divided and phase-shifted for the plurality of radiation
elements and input by an external multi-line phase
shifter, to combine the corresponding signals, and to
output the combined signals to the plurality of radiation
elements.

2. The multi-line phase shifter of claim 1, wherein each of
the plurality of frequency combination/division circuits has
a diplexer or duplexer circuit structure in which a filter
portion configured to filter the first frequency band and a
filter portion configured to filter the second frequency band
are structurally combined.

3. The multi-line phase shifter of claim 1, wherein the
multi-line phase shifting circuit comprises a circuit pattern
formed on a PCB type main board to phase-shift and divide
a signal input to an input port that receives the input signal
of the first frequency band to a plurality of output points,

each of the plurality of frequency combination/division
circuits is implemented by a PCB type diplexer or
duplexer circuit pattern on the main board, and

in each of the plurality of frequency combination/division
circuits, a first input terminal of the diplexer or
duplexer circuit pattern is connected to a corresponding
one of the plurality of output points of the multi-line
phase shifting circuit, a second input terminal of the
diplexer or duplexer circuit pattern receives a corre-
sponding one of the plurality of signals of the second
frequency band provided from the other multi-line
phase shifter as a sub input port of the multi-line phase
shifter, and a common terminal of the diplexer or
duplexer circuit pattern is connected to a corresponding
one of the plurality of radiation elements as an output
port of the multi-line phase shifter.

4. A multi-band mobile communication base station

antenna comprising:

a plurality of radiation elements configured to service at
least a common band of a first frequency band and a
second frequency band;

a first multi-line phase shifter configured to receive an
input signal of the first frequency band, to divide and
output the received signal so as to correspond to the
plurality of radiation elements, and to phase-shift the
signals divided to each of the plurality of radiation
elements; and

a second multi-line phase shifter configured to receive an
input signal of the second frequency band, to divide and
output the received signal so as to correspond to the
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plurality of radiation elements, and to phase-shift the
signals divided to each of the plurality of radiation
elements,

wherein the first multi-line phase shifter includes:

a multi-line phase shifting circuit configured to receive
the input signal of the first frequency band and to divide
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6. The base station antenna of claim 4, wherein the
multi-line phase shifting circuit comprises a circuit pattern
formed on a PCB type main board to phase-shift and divide
a signal input to an input port that receives the input signal
of the first frequency band to a plurality of output points,

each of the plurality of frequency combination/division

and phase-shift the received signal so as to correspond
to the plurality of radiation elements; and

a plurality of frequency combination/division circuits

configured to receive a plurality of signals divided and
phase-shifted by the multi-line phase shifting circuit
and a plurality of signals of the second frequency band
divided and phase-shifted for the plurality of radiation
elements and input by the second multi-line phase
shifter, to combine the corresponding signals, and to
output the combined signals to the plurality of radiation
elements.

5. The base station antenna of claim 4, wherein each of the
plurality of frequency combination/division circuits has a
diplexer or duplexer circuit structure in which a filter portion
configured to filter the first frequency band and a filter
portion configured to filter the second frequency band are
structurally combined.

circuits is implemented by a PCB type diplexer or
duplexer circuit pattern on the main board, and

in each of the plurality of frequency combination/division

circuits, a first input terminal of the diplexer or
duplexer circuit pattern is connected to a corresponding
one of the plurality of output points of the multi-line
phase shifting circuit, a second input terminal of the
diplexer or duplexer circuit pattern receives a corre-
sponding one of the plurality of signals of the second
frequency band provided from the other multi-line
phase shifter as a sub input port of the multi-line phase
shifter, and a common terminal of the diplexer or
duplexer circuit pattern is connected to a corresponding
one of the plurality of radiation elements as an output
port of the multi-line phase shifter.
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