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(57)  Embodiments of this application provide a trans-
mission line connection structure, and relate to the an-
tenna field. The transmission line connection structure
includes a first transmission line, a second transmission
line, and a coupling connection structure. The first trans-
mission line corresponds to a first ground layer and a
conductor strip. The second transmission line corre-
sponds to the conductor strip and a second ground layer.
The first ground layer and the second ground layer are
discontinuous. The coupling connection structure in-
cludes a first coupling section (101), a second coupling
section (102), and a third coupling section (103). A con-
ductor part of the first coupling section (101) is coupled
to the first ground layer, and a conductor part of the third
coupling section (103) is coupled to the second ground
layer. The second coupling section (102) is connected
to the first coupling section (101) and the third coupling
section (103). The coupling connection structure is con-
figured to be coupled to the first ground layer and the
second ground layer.

TRANSMISSION LINE CONNECTION STRUCTURE

401

302 303
\ [ /

402 —
=301

FIG. 4A

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 421 994 A1 2

Description

[0001] This application claims priority to Chinese Pat-
ent Application No. CN202111538192.8, filed with the
China National Intellectual Property Administration on
December 15, 2021 and entitled "TRANSMISSION LINE
CONNECTION STRUCTURE", which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the
antenna field, and in particular, to a transmission line
connection structure.

BACKGROUND

[0003] An antenna feed network of a base station in-
cludes transmission lines in different forms, and a trans-
fer location exists between the different transmission
lines. Due to field discontinuity, a severe loss occurs on
the transfer location between the different transmission
lines in a signal transmission process. This severely af-
fects antenna system efficiency, a pattern gain, and the
like. For example, in a feed network, a transfer location
between a microstrip and a stripline causes a severe loss,
and even excites a parasitic resonance mode. This se-
verely affects signal transmission.

[0004] In a conventional solution, a ground rod struc-
ture is added at a transfer location, and impact of field
transfer discontinuity is reduced by using a ground screw
or a metalized via, so that a transmission loss is reduced.
However, this manner usually affects transmission line
matching, increases a standing wave ratio, and use of
the screw may cause a passive intermodulation risk.
Therefore, how to better reduce impact caused by field
discontinuity and obtain a better transfer apparatus to
transit transmission lines in different forms becomes an
urgent problem to be resolved.

SUMMARY

[0005] Embodiments of this application provide a
transmission line connection structure. At a transfer lo-
cation between two transmission lines, discontinuous
ground layers are connected by using a coupling con-
nection structure, to reduce a transmission loss caused
by field discontinuity.

[0006] Afirstaspectof embodiments of this application
provides a transmission line connection structure. The
transmission line connection structure includes as fol-
lows.

[0007] The transmission line connection structure in-
cludes a first transmission line, a second transmission
line, and a coupling connection structure. The first trans-
mission line includes a conductor strip and a first ground
layer, and the second transmission line includes the con-
ductor strip and a second ground layer. Because the first
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ground layer and the second ground layer are discontin-
uous, a large loss usually occurs on a transfer location
between a first transmission line and a second transmis-
sion line. The coupling connection structure is located
near the conductor strip at the transfer location, and is
configured to be coupled to the first ground layer and the
second ground layer, to reduce impact caused by field
discontinuity. The coupling connection structure includes
a first coupling section 101, a second coupling section
102, and a third coupling section 103. A conductor part
of the first coupling section 101 is coupled to the first
ground layer, a conductor part of the third coupling sec-
tion 103 is coupled to the second ground layer, and the
second coupling section 102 is connected to the first cou-
pling section 101 and the third coupling section 103.
[0008] In the foregoing transmission line connection
structure, the coupling connection structure is used as a
transition structure near the transfer location between
the first transmission line and the second transmission
line, so that a loss caused by the field discontinuity can
be greatly reduced, a parasitic resonance mode in an
operating frequency band can be fully suppressed, and
atransmission loss can be reduced. In addition, in a cou-
pling connection manner of the coupling connection
structure, a location of the coupling connection structure
may be more flexibly adjusted, so that transmission line
impedance matching is properly controlled. In addition,
a passive intermodulation risk can be avoided by using
the coupling connection structure. Therefore, the trans-
mission line connection structure has better perform-
ance, and transmission efficiency can be improved when
signal transmission is performed between different trans-
mission lines.

[0009] Inan optional implementation, the first coupling
section 101 and the third coupling section 103 in the cou-
pling connection structure are on different horizontal
planes, and the first coupling section 101 is parallel to
the third coupling section 103. The second coupling sec-
tion 102 is perpendicular to the first coupling section 101
and the third coupling section 103. Because the second
coupling section 102 is perpendicular to the first coupling
section 101 and the third coupling section 103, a volume
of the coupling connection structure 401 is small. This is
more conducive to arrangement of the coupling connec-
tion structure 401 at a transfer location between different
transmission lines.

[0010] Inan optional implementation, the first coupling
section 101 and the third coupling section 103 in the cou-
pling connection structure are on different horizontal
planes, and the first coupling section 101 is parallel to
the third coupling section 103. However, the second cou-
pling section 102 is tilted relative to the first coupling sec-
tion 101, and a tilt angle is formed between the second
coupling section 102 and the first ground layer. In this
way, the location of the coupling connection structure
may be adjusted to control the transmission line imped-
ance matching, and tilt of the coupling transition structure
may be adjusted to control the transmission line imped-
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ance matching. For example, the tilt angle of the coupling
transition structure decreases, so that a field change be-
comes smoother. This can further reduce the loss. In
addition, impact on the impedance matching is also re-
duced, and a voltage standing wave ratio decreases con-
stantly.

[0011] In an optional implementation, the conductor
strip may have a coupling connection structure on one
side, or may have a coupling connection structure on
each of two sides. In other words, the transmission line
connection structure may include a first coupling connec-
tion structure and a second coupling connection struc-
ture. The first coupling connection structure is located on
afirst side of the conductor strip, and the second coupling
connection structure is located on a second side of the
conductor strip. For example, the first coupling connec-
tion structure and the second coupling connection struc-
ture may be symmetrically distributed on both sides of
the conductor strip, to further reduce the loss caused by
the field discontinuity.

[0012] Inan optionalimplementation, a plurality of cou-
pling connection structures on both sides of the conduc-
tor strip may share a part of the coupling sections. For
example, the first coupling connection structure and the
second coupling connection structure may share the third
coupling section 103 coupled to the second ground layer.
In this way, the first coupling connection structure and
the second coupling connection structure may bypass
the conductor strip and are bridged between the first
ground layer and the second ground layer by.

[0013] In an optional implementation, there are a plu-
rality of sections of a conductor strip at a transfer location,
and the coupling connection structure may be a multi-
coupling connection structure. For example, two adja-
cent sections of the conductor strip are used as an ex-
ample. The coupling connection structure may include a
third coupling connection structure, afourth coupling con-
nection structure, a fifth coupling connection structure,
and a sixth coupling connection structure. The third cou-
pling connection structure is located on a first side of a
first section of the conductor strip, the fourth coupling
connection structure is located on a second side of the
first section of the conductor strip, the fifth coupling con-
nection structure is located on a first side of a second
section of the conductor strip, and the sixth coupling con-
nection structure is located on a second side of the sec-
ond section of the conductor strip. Each section of the
conductor strip has a coupling connection structure on
each of two sides, to reduce a loss.

[0014] Inanoptionalimplementation, the third coupling
connection structure and the fourth coupling connection
structure may share one third coupling section 103 cou-
pled to the second ground layer, the fourth coupling con-
nection structure and the fifth coupling connection struc-
ture may share one first coupling section 101 coupled to
the first ground layer, and the fifth coupling connection
structure and the sixth coupling connection structure may
share one third coupling section 103 coupled to the sec-
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ond ground layer. In this way, the multi-coupling connec-
tion structure forms a whole, to jointly reduce the loss
caused by the field discontinuity.

[0015] Inanoptionalimplementation, the coupling con-
nection structure includes the conductor part and an in-
sulation part.

[0016] In an optional implementation, the insulation
medium part exists between the first coupling section 101
and the first ground layer, and the insulation medium part
exists between the third coupling section 103 and the
second ground layer. The second coupling section 102
may have an insulation medium part, or may not have
an insulation medium part. This is not specifically limited.
[0017] A second aspect of embodiments of this appli-
cation provides another transmission line connection
structure. The transmission line connection structure in-
cludes as follows.

[0018] The transmission line connection structure in-
cludes a first transmission line, a second transmission
line, a third transmission line, a fourth transmission line,
and a coupling connection structure. The transmission
line connection structure includes two conductor strips.
Afirst conductor strip and a first ground layer correspond
to the first transmission line. The first conductor strip and
a second ground layer correspond to the second trans-
mission line. A second conductor strip and the firstground
layer correspond to the third transmission line. The sec-
ond conductor strip and a third ground layer correspond
to the fourth transmission line. The first ground layer, the
second ground layer, and the third ground layer are all
discontinuous. The coupling connection structure is con-
figured to be bridged between the first ground layer, the
second ground layer, and the third ground layer, and in-
cludes a first coupling section 101, a second coupling
section 102, a third coupling section 103, a fourth cou-
pling section 104, and a fifth coupling section 105. A con-
ductor part of the first coupling section 101 is coupled to
the first ground layer, a conductor part of the third cou-
pling section 103 is coupled to the second ground layer,
and the second coupling section 102 is connected to the
first coupling section 101 and the third coupling section
103. A conductor part of the fifth coupling section 105 is
coupled to the third ground layer, and the fourth coupling
section 104 is connected to the first coupling section 101
and the fifth coupling section 105. The coupling connec-
tion structure is configured to be coupled to the first
ground layer and the second ground layer, and be cou-
pled to the first ground layer and the third ground layer.
[0019] In the foregoing transmission line connection
structure, the coupling connection structure is used, to
reduce impact of field transfer discontinuity and ground
layer discontinuity, and greatly reduce a loss. In addition,
in a connection manner of the coupling connection struc-
ture, a location of the coupling connection structure may
be more flexibly adjusted, so that transmission line im-
pedance matching is properly controlled. In addition, a
passive intermodulation risk can be avoided by using the
coupling connection structure and isolation between two
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lines can be improved. Therefore, the transmission line
connection structure has better performance, and trans-
mission efficiency is further improved when signal trans-
mission is performed between different transmission
lines.

[0020] Inanoptionalimplementation, the coupling con-
nection structure includes the conductor part and an in-
sulation part.

[0021] In an optional implementation, the insulation
medium part exists between the first coupling section 101
and the first ground layer, the insulation medium part
exists between the third coupling section 103 and the
second ground layer, and the insulation medium part ex-
ists between the fifth coupling section 105 and the third
ground layer. The second coupling section 102 and the
fourth coupling section 104 may have insulation medium
parts, or may not have insulation medium parts. This is
not specifically limited.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

FIG. 1 is a diagram of a structure of a base station
antenna feeder system according to an embodiment
of this application;

FIG. 2 is a diagram of a structure of a base station
antenna according to an embodiment of this appli-
cation;

FIG. 3Ais a diagram of a structure of a transmission
line connection structure according to an embodi-
ment of this application;

FIG. 3B is a side view of a transmission line connec-
tion structure according to an embodiment of this
application;

FIG. 4Ais a diagram of a structure of a transmission
line connection structure according to an embodi-
ment of this application;

FIG. 4B is a side view of a transmission line connec-
tion structure according to an embodiment of this
application;

FIG. 5A is a diagram of a structure of another trans-
mission line connection structure according to an
embodiment of this application;

FIG. 5B is a side view of another transmission line
connection structure according to an embodiment of
this application;

FIG. 6A is a diagram of a structure of another trans-
mission line connection structure according to an
embodiment of this application;

FIG. 6B is a side view of another transmission line
connection structure according to an embodiment of
this application;

FIG. 7A is a diagram of a structure of another trans-
mission line connection structure according to an
embodiment of this application;

FIG. 7B is a side view of another transmission line
connection structure according to an embodiment of
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this application;

FIG. 8A is a diagram of a structure of another trans-
mission line connection structure according to an
embodiment of this application;

FIG. 8B is a side view of another transmission line
connection structure according to an embodiment of
this application;

FIG. 9A is a diagram of a structure of another trans-
mission line connection structure according to an
embodiment of this application;

FIG. 9B is a side view of another transmission line
connection structure according to an embodiment of
this application;

FIG. 10Ais a diagram of a structure of another trans-
mission line connection structure according to an
embodiment of this application; and

FIG. 10B is a side view of another transmission line
connection structure according to an embodiment of
this application.

DESCRIPTION OF EMBODIMENTS

[0023] Embodiments of this application provide a
transmission line connection structure. At a transfer lo-
cation between two transmission lines, discontinuous
ground layers are connected by using a coupling con-
nection structure, to reduce a transmission loss caused
by field discontinuity.

[0024] Technical terms used in embodiments of this
application are only used to describe specific embodi-
ments but are not intended to limit this application. In this
specification, singular forms "one", "this", and "the" are
used to include plural forms at the same time, unless
otherwise stated in the context. Further, the "including”
and/or "comprising" used in the specification refers to the
presence ofthe feature, entirety, step, operation, element
and/or component, but does not rule out the presence or
adding of one or more other features, entireties, steps,
operations, elements and/or components.

[0025] Embodiments of this application are applied to
abase station antenna feeder system. FIG. 1is adiagram
of a structure of a base station antenna feeder system
according to an embodimentofthis application. As shown
in FIG. 1, the base station antenna feeder system in-
cludes a base station antenna, a pole, an antenna ad-
justment support, a ground apparatus, and the like. A
diagram of a structure of the base station antenna is
shown in FIG. 2. The base station antenna includes ra-
diating elements, a metal reflection plate, a transmission
or calibration network, a feed network, a radome, and
the like. The radiating element is also referred to as an
antenna element, and forms a basic structure in an an-
tenna array together with the metal reflection plate. The
radiating element is usually placed above the metal re-
flection plate, and can effectively radiate or receive a ra-
dio wave. The metal reflection plate is also referred to as
an antenna panel, a metal reflection surface, or the like.
The metal reflection plate is configured to reflect and ag-
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gregate an external antenna signal at a receiving point,
to improve receiving sensitivity of the antenna signal.
This not only can greatly enhance a signal receiving or
transmitting capability of the antenna, but also can block
or shield interference caused by other radio waves from
a back (a reverse direction) to the received signal. The
radome is a structure that protects an antenna system
from an external environment. The radome not only has
a good electromagnetic wave penetration characteristic
in terms of electrical performance, but also has good me-
chanical performance that enables the base station an-
tenna to withstand the external harsh environment.
[0026] The feed network feeds a sent downlink signal
to the radiating element based on a specific amplitude
and phase, or send a received uplink signal to a signal
processing unit of a base station based on a specific am-
plitude and phase. The antenna array receives or trans-
mits a radio frequency signal by using the feed network.
The feed network may implement different radiation
beam directions by using a transmission component, or
may be connected to the calibration network to obtain a
calibration signal needed by the system. Generally, the
feed network includes a controlled impedance transmis-
sion line, and includes a phase shifter, a combiner, a
filter, and other components.

[0027] This embodiment of this application relates to
afeed network part. The feed network includes transmis-
sionlines in different forms. Ground layers corresponding
to the transmission lines in different forms are discontin-
uous. Ground layer discontinuity causes field discontinu-
ity. Due to the field discontinuity, a transfer between the
transmission lines causes an extra loss. This affects
transmission efficiency, a gain, and the like of the antenna
system. FIG. 3A is a diagram of a structure of a trans-
mission line connection structure according to an em-
bodiment of this application. As shown in FIG. 3A, in a
first part, a conductor strip 301 and a first ground layer
302 form a first transmission line (a microstrip structure).
In a second part, the conductor strip 301, the first ground
layer 302, and the second ground layer 303 jointly form
a second transmission line (a stripline structure). Be-
cause the first ground layer 302 and the second ground
layer 303 are discontinuous, a transfer location exists
between the first transmission line and the second trans-
mission line. FIG. 3B is a side view of the transmission
line connection structure shown in FIG. 3A. As shown in
FIG. 3B, 304 is the transfer location between the first
transmission line and the second transmission line. In a
feed network, because the first ground layer 302 and the
second ground layer 303 are discontinuous at the trans-
fer location between a microstrip and a stripline, field dis-
continuity is caused. Consequently, a transmission loss
is increased, and even a parasitic resonance mode is
excited. This severely affects signal transmission in the
conductor strip 301.

[0028] To reduce the transmission loss, in a conven-
tional technical solution, ground rods 305 are added near
the transfer location 304 between the two transmission
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lines to perform transition, so that impact caused by field
transfer discontinuity is reduced and a network loss is
reduced. The ground rods 305 are generally ground
screws, are located on two sides of the conductor strip
301 near the transfer location 304 between the microstrip
and the stripline, and has a distance from the conductor
strip 301. However, adding the ground screws may affect
transmission line impedance matching, and sizes and
locations of the ground screws are not flexibly adjusted,
so that a standing wave ratio of the transmission line may
be deteriorated. In addition, use of a form of screw ground
rod may cause a passive intermodulation risk. Therefore,
how to obtain a better transfer apparatus to transit trans-
mission lines in different forms becomes an urgent prob-
lem to be resolved.

[0029] Based on the foregoing problem, embodiments
of this application provide a transmission line connection
structure. Atatransferlocation between two transmission
lines, discontinuous ground layers are connected by us-
ing a coupling connection structure. This reduces a trans-
mission loss, improves adjustment flexibility of the cou-
pling connection structure, and can further avoid a pas-
sive intermodulation problem.

[0030] (1)FIG.4Aisadiagram of a structure of a trans-
mission line connection structure according to an em-
bodiment of this application. As shown in FIG. 4A, a cou-
pling connection structure 401 is bridged between a first
ground layer 302 and a second ground layer 303. Apart
of a conductor strip 301 and the first ground layer 302
form a microstrip structure, to form a first transmission
line. Behind a transfer location, the conductor strip 301
is located between the first ground layer 302 and the
second ground layer 303, and forms a stripline structure
with the first ground layer 302 and the second ground
layer 303, to form a second transmission line. A part of
the coupling connection structure 401 is coupled to the
first ground layer 302, and another part is coupled to the
second ground layer 303. The coupling connection struc-
ture 401 is located on one side of the conductor strip 301.
An insulation medium 402 exists between the coupling
connection structure 401 and each of the first ground
layer 302 and the second ground layer 303.

[0031] FIG. 4B is a side view of the transmission line
connection structure shown in FIG. 4A. As shown in FIG.
4B, the coupling connection structure 401 is divided into
three parts, including a first coupling section 101, a sec-
ond coupling section 102, and a third coupling section
103. A conductor part of the first coupling section 101 is
coupled to the first ground layer 302, a conductor part of
the third coupling section 103 is coupled to the second
ground layer 303, and the second coupling section 102
is connected to the first coupling section 101 and the third
coupling section 103. For example, a plane on which the
first coupling section 101 is located is parallel to a plane
on which the third coupling section 103 is located, and a
plane on which the second coupling section 102 is locat-
ed is perpendicular to both the plane on which the first
coupling section 101 is located and the plane on which
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the third coupling section 103 is located. It may be un-
derstood that, the plane on which the first coupling sec-
tion 101 is located may not be absolutely parallel to the
plane on which the third coupling section 103 is located,
and a proper tilt angle also falls within the protection
scope of this embodiment of this application. This is not
specifically limited.

[0032] In the foregoing transmission line connection
structure, the coupling connection structure 401 is used
as a transition structure near the transfer location be-
tween a microstrip and a stripline, so that a loss caused
by field discontinuity can be greatly reduced, a parasitic
resonance mode in an operating frequency band can be
fully suppressed, and a transmission loss can be re-
duced. In addition, in a coupling connection manner of
the coupling connection structure 401, a location of the
coupling connection structure 401 may be more flexibly
adjusted, so that transmission line impedance matching
is properly controlled. In addition, a passive intermodu-
lation risk can be avoided by using the coupling connec-
tion structure. Therefore, the transmission line connec-
tion structure has better performance, and transmission
efficiency can be further improved when signal transmis-
sion is performed between different transmission lines.
In addition, in the coupling connection structure 401, be-
cause the second coupling section 102 is perpendicular
to the first coupling section 101 and the third coupling
section 103, a volume of the coupling connection struc-
ture 401 is small. This is more conducive to arrangement
of the coupling connection structure 401 at a transfer
location between different transmission lines.

[0033] (2) Based on the foregoing descriptions, the
coupling connection structure 401 may be distributed on
one side of the conductor strip 301, or may be distributed
on each of two sides of the conductor strip 301. For ex-
ample, distribution locations of the coupling connection
structures 401 on the two sides of the conductor strip 301
are symmetrical. This further reduces impact caused by
the field discontinuity, and improves the signal transmis-
sion efficiency. When the coupling connection structures
401 are distributed on the two sides of the conductor strip
301, a plurality of coupling connection structures 401 on
the two sides may share a part of the coupling sections.
FIG. 5A is a diagram of a structure of another transmis-
sion line connection structure according to an embodi-
ment of this application. A conductor strip 301 has a cou-
pling connection structure on each of two sides, and two
coupling connection structures may share a third cou-
pling section 103, so that the coupling connection struc-
ture bypasses the conductor strip 301 and is bridged be-
tween a first ground layer 302 and a second ground layer
303.

[0034] A part of the conductor strip 301 and the first
ground layer 302 form a microstrip structure, to form a
firsttransmission line. Behind a transferlocation, the con-
ductor strip 301 is located between the first ground layer
302 and the second ground layer 303, and forms a strip-
line structure with the first ground layer 302 and the sec-
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ond ground layer 303, to form a second transmission line.
A part of the coupling connection structure is coupled to
the first ground layer 302, and another part is coupled to
the second ground layer 303. An insulation medium 402
exists between the coupling connection structure and
each of the first ground layer 302 and the second ground
layer 303. The coupling connection structure includes a
first coupling connection structure and a second coupling
connection structure. The first coupling connection struc-
ture includes a first coupling section 101, a second cou-
pling section 102, and the third coupling section 103. The
second coupling connection structure includes a fourth
coupling section 104, a fifth coupling section 105, and
the third coupling section 103.

[0035] FIG. 5B is a side view of the transmission line
connection structure shown in FIG. 5A. As shown in FIG.
5B, a conductor part of the first coupling section 101 and
a conductor part of the fifth coupling section 105 are both
coupled to the first ground layer 302, and a conductor
part of the third coupling section 103 is coupled to the
second ground layer 303. The second coupling section
102 is connected to the first coupling section 101 and the
third coupling section 103, and the fourth coupling section
104 is connected to the fifth coupling section 105 and the
third coupling section 103. In this way, the two coupling
connection structures share the third coupling section
103 coupled to the second ground layer 303, so that a
n-shaped structure is formed. This is more conducive to
distribution of the coupling connection structure and im-
proves integrity of the transmission line connection struc-
ture.

[0036] (3) Based on the foregoing descriptions, in the
coupling connection structures in embodiments shown
in FIG. 4A and FIG. 5A, the second coupling section 102
is separately perpendicular to the first coupling section
101 and the third coupling section 103, to reduce the
volume of the coupling connection structure. FIG. 6A is
adiagram of a structure of another transmission line con-
nection structure according to an embodiment of this ap-
plication. In FIG. 6A, a second coupling section 102 is
not perpendicular to a first coupling section 101 and a
third coupling section 103, and the second coupling sec-
tion 102 is tilted relative to a ground layer 601.

[0037] Specifically, a coupling connection structure is
bridged between the ground layer 601 and a ground layer
602. A part of a conductor strip 603 and the ground layer
601 form a microstrip structure, to form a first transmis-
sion line. The other part of the conductor strip 603 is
located between the ground layer 601 and the ground
layer 602, and forms a suspended strip structure with the
ground layer 601 and the ground layer 602, to form a
second transmission line. A part of the coupling connec-
tion structure is coupled to the ground layer 601, and
another part is coupled to the ground layer 602. An insu-
lation medium 402 exists between the coupling connec-
tion structure and each of the ground layer 601 and the
ground layer 602.

[0038] FIG. 6B is a side view of the transmission line
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connection structure shown in FIG. 6A. As shown in FIG.
6B, the coupling connection structure is divided into three
parts, including the first coupling section 101, the second
coupling section 102, and the third coupling section 103.
A conductor part of the first coupling section 101 is cou-
pled to the ground layer 601, a conductor part of the third
coupling section 103 is coupled to the ground layer 602,
and the second coupling section 102 is connected to the
first coupling section 101 and the third coupling section
103. A plane on which the first coupling section 101 is
located is parallel to a plane on which the third coupling
section 103 is located, and an angle is formed between
the second coupling section 102 and the ground layer
601. The angle between the second coupling section 102
and the ground layer 601 is a tilt angle of the coupling
transition structure, namely, an angle between a projec-
tion of the second coupling section 102 on the ground
layer 601 and the second coupling section 102.

[0039] It may be understood that, in the embodiment
shown in FIG. 6A, the coupling connection structure is
formed by combining two coupling connection structures
401 located on two sides of the conductor strip 603. For
example, the conductor strip 603 may alternatively have
one coupling connection structure on only one side, and
a second coupling section 102 in the coupling connection
structure is also tilted. This is not specifically limited.
[0040] In the embodiment shown in FIG. 6A, near a
transfer location between an original microstrip and a
suspended strip, after a coupling transition structure is
added on one side or on each of two sides of the con-
ductor strip 603, a loss caused by field discontinuity may
be reduced, but impedance matching of the conductor
strip 603 may be affected. To improve performance of
the conductor strip 603, a location of the coupling con-
nection structure may be adjusted, and the tilt angle of
the coupling transition structure may be adjusted. For
example, the tilt angle of the coupling transition structure
decreases, so that a field change becomes smoother.
This can further reduce the loss. In addition, impact on
the impedance matching is also reduced, and a voltage
standing wave ratio decreases constantly.

[0041] A structure of the second coupling section 102
in the coupling connection structure is changed, so that
adjustment flexibility of the coupling connection structure
canbe improved. The tiltangle of the coupling connection
structure is adjusted, so that the impedance matching
can be improved, and the standing wave ratio decreases.
In addition, the second coupling section 102 is tilted, so
that the field change becomes smoother. This further re-
duces the loss, and improves signal transmission per-
formance of the transmission line connection structure.
[0042] (4)Based on an idea of the foregoing technical
solutions, the coupling connection structure may alter-
natively be used at a transfer location between transmis-
sion lines in more forms. FIG. 7A is a diagram of a struc-
ture of another transmission line connection structure ac-
cording to an embodiment of this application. In FIG. 7A,
a coupling connection structure is used at a transfer lo-

10

15

20

25

30

35

40

45

50

55

cation between a microstrip (a first transmission line) and
a coplanar waveguide strip (a second transmission line).
[0043] The coupling connection structure 401 is
bridged between a ground layer 701 and a ground layer
702. A conductor strip 703 and the ground layer 702 are
located on a same horizontal plane. A part of the con-
ductor strip 703 and the ground layer 701 form a micro-
strip structure, to form the first transmission line. The oth-
er part of the conductor strip 703 is located between
ground layers 702. In other words, the conductor strip
703 has a ground layer 702 on a left side and a ground
layer 702 on a right side. The conductor strip 703 and
the ground layer 702 form a coplanar waveguide strip
structure, to form the second transmission line. A part of
the coupling connection structure 401 is coupled to the
ground layer 701, and another part is coupled to the
ground layer 702. The coupling connection structure 401
may be located only on one side of the conductor strip
703, or may exist on each of two sides. An insulation
medium 402 exists between the coupling connection
structure 401 and each of the ground layer 701 and the
ground layer 702.

[0044] FIG. 7B is a side view of the transmission line
connection structure shown in FIG. 7A. As shown in FIG.
7B, the coupling connection structure 401 is divided into
three parts, including a first coupling section 101, a sec-
ond coupling section 102, and a third coupling section
103. A conductor part of the first coupling section 101 is
coupled to the ground layer 701, a conductor part of the
third coupling section 103 is coupled to the ground layer
702, and the second coupling section 102 is connected
to the first coupling section 101 and the third coupling
section 103. For example, a plane on which the first cou-
pling section 101 is located is parallel to a plane on which
the third coupling section 103 is located, and a plane on
which the second coupling section 102 is located may
be perpendicular or tilted to the plane on which the first
coupling section 101 is located on and the plane on which
the third coupling section 103 is located, so that an angle
is formed between a projection of the second coupling
section 102 on the ground layer 701 and the second cou-
pling section 102. It may be understood that, the plane
on which the first coupling section 101 is located may not
be absolutely parallel to the plane on which the third cou-
pling section 103 is located, and a proper tilt angle also
falls within the protection scope of this embodiment of
this application. This is not specifically limited.

[0045] In this embodiment, near the transfer location
between the microstrip and the coplanar waveguide strip,
a transition structure that is coupled to the ground layer
701 and the ground layer 702 is used on one side or each
of two sides of the conductor strip 703, so that impact of
field transfer discontinuity and impact of ground layer dis-
continuity are reduced, and a loss is greatly reduced. In
addition, in a connection manner of the coupling connec-
tion structure 401, a location of the coupling connection
structure 401 may be more flexibly adjusted, so that
transmission line impedance matching is properly con-
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trolled. In addition, a passive intermodulation risk can be
avoided by using the coupling connection structure.
Therefore, the transmission line connection structure has
better performance, and transmission efficiency is further
improved when signal transmission is performed be-
tween different transmission lines.

[0046] (5)Forexample, the coupling connection struc-
ture may alternatively be used at a transfer location be-
tween transmission lines in more forms. FIG. 8A is a di-
agram of a structure of another transmission line con-
nection structure according to an embodiment of this ap-
plication. In FIG. 8A, a coupling connection structure is
used at a transfer location between a microstrip (a first
transmission line) and a ground coplanar waveguide strip
(a second transmission line).

[0047] The coupling connection structure 401 is
bridged between a ground layer 801 and a ground layer
802. A conductor strip 803 and the ground layer 802 are
located on a same horizontal plane. A part of the con-
ductor strip 803 and the ground layer 801 form a micro-
strip structure, to form the first transmission line. The oth-
er part of the conductor strip 803 is located between
ground layers 802. In other words, the conductor strip
803 has a ground layer 802 on a left side and a ground
layer 802 on a right side. The conductor strip 803, the
ground layer 801, and the ground layer 802 jointly form
a ground coplanar waveguide strip structure, to form the
second transmission line. A part of the coupling connec-
tion structure 401 is coupled to the ground layer 801, and
another partis coupled to the ground layer 802. The cou-
pling connection structure 401 may be located only on
one side of the conductor strip 803, or may exist on each
of two sides. An insulation medium 402 exists between
the coupling connection structure 401 and each of the
ground layer 801 and the ground layer 802.

[0048] FIG. 8B is a side view of the transmission line
connection structure shown in FIG. 8A. As shown in FIG.
8B, the coupling connection structure 401 is divided into
three parts, including a first coupling section 101, a sec-
ond coupling section 102, and a third coupling section
103. A conductor part of the first coupling section 101 is
coupled to the ground layer 801, a conductor part of the
third coupling section 103 is coupled to the ground layer
802, and the second coupling section 102 is connected
to the first coupling section 101 and the third coupling
section 103. A plane on which the first coupling section
101 is located is parallel to a plane on which the third
coupling section 103 is located, and a plane on which
the second coupling section 102 is located may be per-
pendicular or tilted to the plane on which the first coupling
section 101 is located and the plane on which the third
coupling section 103 is located, so that an acute angle
is formed between a projection of the second coupling
section 102 on the ground layer 801 and the second cou-
pling section 102.

[0049] In this embodiment, near the transfer location
between the microstrip and the ground coplanar
waveguide strip, a transition structure that is coupled to
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the ground layer 801 and the ground layer 802 is used
on one side or each of two sides of the conductor strip
803, so that impact of field transfer discontinuity and im-
pact of ground layer discontinuity are reduced, and aloss
is greatly reduced. In addition, in a connection manner
of the coupling connection structure 401, a location of
the coupling connection structure 401 may be more flex-
ibly adjusted, so thattransmission line impedance match-
ing is properly controlled. In addition, a passive intermod-
ulation risk can be avoided by using the coupling con-
nection structure. Therefore, the transmission line con-
nection structure has better performance, and transmis-
sion efficiency is further improved when signal transmis-
sion is performed between different transmission lines.
[0050] (6) Based on the foregoing descriptions, em-
bodiments of this application further provide a multi-cou-
pling connection structure, used for a transfer location of
amulti-transfer structure including a microstrip and a sus-
pended strip. FIG. 9A is a diagram of a structure of an-
other transmission line connection structure according
to an embodiment of this application. In FIG. 9A, a multi-
coupling connection structure is used at a plurality of
transfer locations between a microstrip (a first transmis-
sion line) and a suspended strip (a second transmission
line).

[0051] The multi-coupling connection structure is
bridged between a ground layer 901 and a ground layer
902. A conductor strip enters and exits from the ground
layer 902 for a plurality of times. A part of the conductor
strip 903 and the ground layer 901 form a microstrip struc-
ture, to form the first transmission line. The other part is
located between the ground layer 901 and the ground
layer 902, and the conductor strip 903, the ground layer
901, and the ground layer 902 jointly form a suspended
strip structure, to form the second transmission line.
Apart of the multi-coupling connection structure is cou-
pled to the ground layer 901, and another part is coupled
to the ground layer 902. In addition, the multi-coupling
connection structure is bridged between a plurality of sec-
tions of the conductor strip 903. An insulation medium
402 exists between the multi-coupling connection struc-
ture and each of the ground layer 901 and the ground
layer 902.

[0052] FIG. 9B is a side view of the transmission line
connection structure shown in FIG. 9A. As shown in FIG.
9A, the multi-coupling connection structure is divided into
a plurality of coupling sections, and there is a coupling
connection structure on each of two sides of each section
of the conductor strip 903. Coupling connection struc-
tures in two adjacent sections of the conductor strip 903
are used as an example. A multi-coupling connection
structure may include four coupling connection struc-
tures. A first coupling connection structure is located on
a first side of a first section of the conductor strip 903. A
second coupling connection structure is located on a sec-
ond side of the first section of the conductor strip 903. A
third coupling connection structure is located on a first
side of a second section of the conductor strip 903. A
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fourth coupling connection structure is located on a sec-
ond side of the second section of the conductor strip 903.
The first coupling connection structure and the second
coupling connection structure share one coupling section
coupled to the ground layer 902. The second coupling
connection structure and the third coupling connection
structure share one coupling section coupled to the
ground layer 901. The third coupling connection structure
and the fourth coupling connection structure share one
coupling section coupled to the ground layer 901. A con-
ductor part of a first coupling section is coupled to the
ground layer 901, a conductor part of a third coupling
section is coupled to the ground layer 902, and a second
coupling section is connected to the first coupling section
and the third coupling section. A plane on which the first
coupling section is located is parallel to a plane on which
the third coupling section is located, and a plane on which
the second coupling section is located may be perpen-
dicular or tilted to the plane on which the first coupling
section is located and the plane on which the second
coupling section is located, so that an acute angle is
formed between a projection of the second coupling sec-
tion on the ground layer 901 and the second coupling
section.

[0053] (7) Based on the foregoing descriptions, em-
bodiments of this application further provide a transmis-
sion line connection structure. As shown in FIG. 10A, the
connection structure includes two conductor strips: a
conductor strip 1001 and a conductor strip 1002. A part
of the conductor strip 1001 and a ground layer 1003 form
a microstrip structure (a first transmission line), and the
other part forms a suspended strip structure (a second
transmission line) together with the ground layer 1003
and aground layer 1004. Similarly, a part of the conductor
strip 1002 and the ground layer 1003 form a microstrip
structure (a third transmission line), and the other part
forms a suspended strip structure (a fourth transmission
line) together with the ground layer 1003 and a ground
layer 1005.

[0054] In this case, a coupling connection structure
1006 is bridged between the ground layer 1003, the
ground layer 1004, and the ground layer 1005. The cou-
pling connection structure 1006 includes a first coupling
section 101, a second coupling section 102, a third cou-
pling section 103, a fourth coupling section 104, and a
fifth coupling section 105. A conductor part of the first
coupling section 101 is coupled to the ground layer 1003,
a conductor part of the third coupling section 103 is cou-
pled to the ground layer 1004, and the second coupling
section 102 is connected to the first coupling section 101
and the third coupling section 103. A conductor part of
the fifth coupling section 105 is coupled to the ground
layer 1005, and the fourth coupling section 104 is con-
nected to the first coupling section 101 and the fifth cou-
pling section 105.

[0055] FIG. 10B is a side view of the transmission line
connection structure shown in FIG. 10A. As shown in
FIG. 10B, a transition structure that is coupled to the
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ground layer 1003, the ground layer 1004, and the ground
layer 1005 is used near a transfer location that is of a
double-line structure and thatis between a microstrip and
a suspended strip, to reduce a transfer loss and improve
isolation between the two lines. A specific implementa-
tion of the solution is that a first feed conductor strip 1010,
a first short-circuit conductor strip 1011, and a first feed
coaxial cable 1013 form a first feed structure, and are
coupled to the conductor strip 1001 by using an insulation
medium. A second feed conductor strip 1020, a second
short-circuit conductor strip 1021, and a second feed co-
axial cable 1023 form a second feed structure, and are
coupled to the conductor strip 1002 by using an insulation
medium.

[0056] In this embodiment, the coupling connection
structure is used, to reduce impact of field transfer dis-
continuity and ground layer discontinuity, and greatly re-
duce a loss. In addition, in a connection manner of the
coupling connection structure, a location of the coupling
connection structure may be more flexibly adjusted, so
that transmission line impedance matching is properly
controlled. In addition, a passive intermodulation risk can
be avoided by using the coupling connection structure
and the isolation between the two lines can be improved.
Therefore, the transmission line connection structure has
better performance, and transmission efficiency is further
improved when signal transmission is performed be-
tween different transmission lines.

[0057] Equivalent forms (if exist) of a corresponding
structure, material, action, and all apparatuses or steps
and function elements in the appended claims are intend-
ed to include any structure, material, or action used to
perform the function in connection with other expressly
required elements. The descriptions of this application
are given for purposes of embodiments and description,
but are not intended to be exhaustive or to be limited by
the present invention to the disclosed forms.

Claims

1. A transmission line connection structure, wherein
the transmission line connection structure comprises
a first transmission line, a second transmission line,
and a coupling connection structure, wherein

the first transmission line corresponds to a first
ground layer and a conductor strip, the second
transmission line corresponds to the conductor
strip and a second ground layer, and the first
ground layer and the second ground layer are
discontinuous; and

the coupling connection structure comprises a
first coupling section (101), a second coupling
section (102), and a third coupling section (103),
wherein

a conductor part of the first coupling section
(101) is coupled to the first ground layer, a con-
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ductor part of the third coupling section (103) is
coupled to the second ground layer, the second
coupling section (102) is connected to the first
coupling section (101) and the third coupling
section (103), and the coupling connection
structure is configured to be coupled to the first
ground layer and the second ground layer.

The transmission line connection structure accord-
ing to claim 1, wherein the first coupling section (101)
is parallel to the third coupling section (103), and the
second coupling section (102) is perpendicular to
the first coupling section (101) and the third coupling
section (103).

The transmission line connection structure accord-
ing to claim 1, wherein the first coupling section (101)
is parallel to the third coupling section (103), and a
tiltangle is formed between the second coupling sec-
tion (102) and the first ground layer.

The transmission line connection structure accord-
ing to any one of claims 1 to 3, wherein the trans-
mission line connection structure comprises a first
coupling connection structure and a second coupling
connection structure, wherein

the first coupling connection structure is located on
afirst side of the conductor strip, the second coupling
connection structure is located on a second side of
the conductor strip, the first coupling connection
structure is configured to be coupled to the first
ground layer and the second ground layer, and the
second coupling connection structure is configured
to be coupled to the first ground layer and the second
ground layer.

The transmission line connection structure accord-
ing to claim 4, wherein the first coupling connection
structure and the second coupling connection struc-
ture share one third coupling section (103).

The transmission line connection structure accord-
ing to any one of claims 1 to 3, wherein the conductor
strip comprises a first section of the conductor strip
and a second section of the conductor strip; and

the transmission line connection structure com-
prises a third coupling connection structure, a
fourth coupling connection structure, a fifth cou-
pling connection structure, and a sixth coupling
connection structure, wherein

the third coupling connection structure is located
on afirst side of the first section of the conductor
strip, the fourth coupling connection structure is
located on a second side of the first section of
the conductor strip, the fifth coupling connection
structure is located on a first side of the second
section of the conductor strip, and the sixth cou-
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10

pling connection structure is located on a second
side of the second section of the conductor strip.

The transmission line connection structure accord-
ing to claim 6, wherein

the third coupling connection structure and the fourth
coupling connection structure share one third cou-
pling section (103), the fourth coupling connection
structure and the fifth coupling connection structure
share one first coupling section (101), and the fifth
coupling connection structure and the sixth coupling
connection structure share one third coupling sec-
tion (103).

The transmission line connection structure accord-
ing to any one of claims 1 to 7, wherein the coupling
connection structure comprises the conductor part
and an insulation medium part.

The transmission line connection structure accord-
ing to claim 8, wherein the insulation medium part
exists between the first coupling section (101) and
the first ground layer, and the insulation medium part
exists between the third coupling section (103) and
the second ground layer.

10. A transmission line connection structure, wherein

the connection structure comprises a first transmis-
sion line, a second transmission line, a third trans-
mission line, a fourth transmission line, and a cou-
pling connection structure, wherein

the first transmission line corresponds to a first
ground layer and a first conductor strip, the sec-
ond transmission line corresponds to the first
conductor strip and a second ground layer, and
the first ground layer and the second ground lay-
er are discontinuous;

the third transmission line corresponds to the
first ground layer and a second conductor strip,
the fourth transmission line corresponds to the
second conductor strip and a third ground layer,
and the first ground layer and the third ground
layer are discontinuous; and

the coupling connection structure comprises a
first coupling section (101), a second coupling
section (102), a third coupling section (103), a
fourth coupling section (104), and a fifth coupling
section (105), wherein

a conductor part of the first coupling section
(101) is coupled to the first ground layer, a con-
ductor part of the third coupling section (103) is
coupledto the second ground layer, and the sec-
ond coupling section (102) is connected to the
firstcoupling section (101) and the third coupling
section (103); and

a conductor part of the fifth coupling section
(105) is coupled to the third ground layer, the
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fourth coupling section (104) is connected to the
first coupling section (101) and the fifth coupling
section (105), and the coupling connection
structure is configured to be coupled to the first
ground layer and the second ground layer, and
be coupled to the first ground layer and the third
ground layer.

The transmission line connection structure accord-
ing to claim 10, wherein the coupling connection
structure comprises the conductor part and an insu-
lation medium part.

The transmission line connection structure accord-
ing to claim 11, wherein the insulation medium part
exists between the first coupling section (101) and
the first ground layer, the insulation medium part ex-
ists between the third coupling section (103) and the
second ground layer, and the insulation medium part
exists between the fifth coupling section (105) and
the third ground layer.
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