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(57) A slow-wave structure, a traveling-wave tube,
and a network device are provided, relating to the field of
vacuum electronics. The slow-wave structure includes a
housing, a slow-wave transmission line, an input coupler,
and an output coupler. The housing includes a first hous-
ing cover and a second housing cover that are connected
in a stacked manner along a first direction, forming a
stacked structure. The slow-wave transmission line is
located in a first plane perpendicular to the first direction,
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both the input coupler and the output coupler are elec-
trically connected to the slow-wave transmission line,
and at least one of the input coupler and the output
coupler is not coplanar with the first plane, ensuring good
consistency with the stacking direction. This helps sim-
plify the production and assembly of the input coupler
and/or the output coupler, improve their integration, and
implement miniaturization of the slow-wave structure.
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Description

[0001] This application claims priority to Chinese Pa-
tent Application No. 202311615520.9, filed with the Chi-
na National Intellectual Property Administration on No-
vember 29, 2023 and entitled "SLOW-WAVE STRUC-
TURE, TRAVELING-WAVE TUBE, AND NETWORKDE-
VICE", which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] This application relates to the field of vacuum
electronic device technologies, and in particular, to a
slow-wave structure, a traveling-wave tube, and a net-
work device.

BACKGROUND

[0003] A millimeter-wave power amplifier includes a
traveling-wave tube and a solid-state power amplifier.
The applicable power of a solid-state power amplifier is
relatively low, significantly limiting the coverage distance
of a base station using a solid-state power amplifier.
Consequently, a large number of base stations must
be deployed to meet coverage requirements, thereby
increasing deployment costs. In contrast, a traveling-
wave tube offers higher applicable power, and the use
of a traveling-wave tube amplifier can enhance the
equivalent isotropic radiated power of a base station,
thereby reducing the number of base stations and saving
deployment costs.

[0004] Traveling-wave tubes are classified by their
slow-wave structure types into traveling-wave tubes of
the all-metal waveguide slow-wave structure type and
traveling-wave tubes of the dielectric-supported slow-
wave structure type. A traveling-wave tube of the all-
metal waveguide slow-wave structure type has metal
walls that employ a specially designed structure to fold
the transmission path of electromagnetic waves, thereby
reducing the propagation phase velocity of the electro-
magnetic waves and enabling energy conversion be-
tween the electromagnetic waves and electrons. How-
ever, a traveling-wave tube of the all-metal waveguide
slow-wave structure type operates in a transverse elec-
tric/transverse magnetic (TE/TM) mode, and it interacts
with an electron beam by using the total field of harmo-
nics, resulting in poor amplification effect.

[0005] A traveling-wave tube of the dielectric-sup-
ported slow-wave structure type has a metal slow-wave
line, dielectric-supported rods, and a metal envelope.
The metal slow-wave line is used to transmit electromag-
netic waves, the dielectric-supported rods provide struc-
tural support for the metal slow-wave line, and the metal
envelope functions as a waveguide that encloses the
dielectric-supported rods and the metal slow-wave line.
Since the materials of the dielectric-supported rods and
the metal envelope typically differ, the traveling-wave
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tube of the dielectric-supported slow-wave structure type
has a dual-conductor structure, enabling the waveguide
to operation in transverse electromagnetic (TEM/quasi-
TEM) mode. Compared with the transverse electric/-
transverse magnetic mode, the transverse electromag-
netic mode has a stronger electric field and wider band-
width, allowing the traveling-wave tube of the dielectric-
supported slow-wave structure type to achieve better
amplification performance while maintaining a compact
size. However, the input coupler and the output coupler of
the traveling-wave tube of the dielectric-supported slow-
wave structure type has a low level of integration with the
waveguide. Furthermore, the assembly consistency be-
tween the input coupler and the output coupler and
waveguide is relatively poor during the assembly pro-
cess, hindering further miniaturization and integration of
the traveling-wave tube of the dielectric-supported slow-
wave structure type.

SUMMARY

[0006] This application provides a slow-wave struc-
ture, a traveling-wave tube, and a network device. At
least one of the input coupler and the output coupler is
disposed perpendicular to or parallel to a plane that is
perpendicular to the stacking direction. This helps sim-
plify the production and assembly of the input coupler
and/or the output coupler, improve their integration, and
implement miniaturization of the slow-wave structure.
[0007] According to a first aspect, this application pro-
vides a slow-wave structure, including: a housing, includ-
ing a first housing cover and a second housing cover that
are connected in a stacked manner along a first direction;
a slow-wave transmission line, extending along a first
plane perpendicular to the first direction, where the slow-
wave ftransmission line is fixed in a first waveguide
formed by the firsthousing cover and the second housing
cover; and an input coupler and an output coupler, both
electrically connected to the slow-wave transmission
line, where atleast one of the input coupler and the output
coupler is not coplanar with the first plane.

[0008] The slow-wave structure provided in this appli-
cation includes the housing, the slow-wave transmission
line, the input coupler, and the output coupler. The hous-
ing includes the first housing cover and the second
housing cover that are connected in the stacked manner
along the first direction, so that the slow-wave structure is
a stacked structure. In a manufacturing process of the
slow-wave structure, layer structures in the slow-wave
structure can be separately processed. This helps im-
plement planar batch manufacturing, shorten processing
time, and improve production and processing efficiency
of the slow-wave structure. At least one of the input
coupler and the output coupler is not coplanar with the
first plane, ensuring good consistency with the stacking
direction. In other words, at least one of the input coupler
and the output coupler has good consistency with an
assembly manner of the slow-wave structure. This helps
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simplify the production and assembly of the input coupler
and/or the output coupler, improve their integration, and
implement miniaturization of the slow-wave structure.
[0009] In a possible implementation, the input coupler
includes a plurality of first metal portions sequentially
connected, the output coupler includes a plurality of
second metal portions sequentially connected, two ad-
jacent first metal portions or two adjacent second metal
portions form a stepped structure, and at least one of an
arrangement direction of the plurality of first metal por-
tions and an arrangement direction of the plurality of
second metal portions is angled relative to the first plane.
Atleast one of the arrangement direction of the plurality of
first metal portions and the arrangement direction of the
plurality of second metal portions has the included angle
with the first plane, so that two adjacent first metal por-
tions or two adjacent second metal portions are sequen-
tially connected in the stacking direction. This helps
simplify the production and assembly of the input coupler
and/or the output coupler, improve the integration of the
input coupler and the output coupler, and implement the
miniaturization of the slow-wave structure.

[0010] In a possible implementation, the input coupler
further includes an input coaxial cable and a second
waveguide, the input coaxial cable is electrically con-
nected to the slow-wave transmission line and the plur-
ality of first metal portions, the plurality of first metal
portions and at least part of the input coaxial cable are
located in the second waveguide, and the second wave-
guide is configured to couple an electromagnetic wave.
The input coupler further includes the input coaxial cable
and the second waveguide, and the input coaxial cable is
configured to convert a waveguide mode of the electro-
magnetic wave from a TEM mode into a quasi-TEM
mode, so that a mode of the electromagnetic wave at
the slow-wave transmission line is the quasi-TEM mode.
This helps improve an amplification effect of the slow-
wave structure on the electromagnetic wave.

[0011] In a possible implementation, the slow-wave
structure includes at least one attenuator, where the
attenuator is electrically connected to the output coupler
or the input coupler, and the attenuator is configured to
absorb an electromagnetic wave. The attenuator is elec-
trically connected to the output coupler or the input cou-
pler. This helps avoid that the electromagnetic wave is
reflected to the slow-wave transmission line, improve
transmission stability of the electromagnetic wave at
the slow-wave transmission line, and ensure the ampli-
fication effect of the slow-wave structure on the electro-
magnetic wave.

[0012] In a possible implementation, the slow-wave
transmission line includes at least two transmission line
segments, two adjacent transmission line segments are
disposed at a spacing, the slow-wave structure includes
at least two attenuators, each transmission line segment
is electrically connected to at least one attenuator, the
slow-wave structure furtherincludes atleast two couplers
at spacings, and the coupler at the spacing is electrically
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connected to the transmission line and the attenuator.
The slow-wave transmission line includes at least two
transmission line segments, and a single transmission
line segment is electrically connected to at least one
attenuator, so that the attenuator is disposed at each
transmission line segment to absorb a redundant elec-
tromagnetic wave. This avoids that the electromagnetic
wave is reflected at each transmission line segment, and
helps improve transmission stability of the electromag-
netic wave at each transmission line segment.

[0013] In a possible implementation, neither the input
coupler nor the output coupler is coplanar with the first
plane, and each coupler at the spacing is coplanar with
the first plane. Neither the input coupler nor the output
coupler is coplanar with the first plane, and each coupler
at the spacing is coplanar with the first plane. This helps
simplify a manner of disposing the input coupler and the
output coupler, improve the integration of the input cou-
pler and the output coupler, reduce space occupied by
the attenuator and the coupler at the spacing, and im-
plement the miniaturization of the slow-wave structure.
[0014] In a possible implementation, the at least two
transmission line segments are different in at least one of
periodicity quantity and periodicity length. The at least
two transmission line segments are different in at least
one of periodicity quantity and periodicity length, so thata
reduction rate of a phase velocity of the electromagnetic
wave at each transmission line segment varies. This
helps improve the amplification effect of the slow-wave
structure on the electromagnetic wave.

[0015] In a possible implementation, the attenuator is
in a wedge shape. A cross-sectional area of the attenua-
tor on a side close to the coupler at the spacing is larger
than a cross-sectional area of the attenuator on a side
away from the coupler at the spacing, and the cross
section is perpendicular to a direction from the coupler
at the spacing to the attenuator. The attenuator is in the
wedge shape. This helps reduce reflection of the electro-
magnetic wave in the attenuator, so that the attenuator
can absorb an electromagnetic wave with a larger fre-
quency range and larger power.

[0016] In a possible implementation, the attenuator,
the input coupler, and the output coupler are allintegrated
with the first housing cover. The attenuator, the input
coupler, and the output coupler are all integrated with
the first housing cover. This helps implement assembly of
the input coupler and the output coupler in the stacking
direction and provide accommodation space for the at-
tenuator, improves the integration of the attenuator, the
input coupler, and the output coupler, and helps imple-
ment the miniaturization of the slow-wave structure.
[0017] In a possible implementation, the first housing
cover has afirstinput hole and afirst output hole, the input
coupler is fixed to an inner wall of the first input hole, and
the output coupler is fixed to an inner wall of the first
output hole. The input coupler and the output coupler are
respectively fixed to the inner wall of the first input hole
and the inner wall of the first output hole, so that at least
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part of the input coupler and at least part of the output
coupler are accommodated in a housing layer of the first
housing. This improves the integration of the input cou-
pler and the output coupler with the first housing, and
helps implement the miniaturization of the slow-wave
structure.

[0018] In a possible implementation, the slow-wave
structure further includes a first energy transmission
window and a second energy transmission window,
where the first energy transmission window seals the
first input hole, the second energy transmission window
seals the first output hole, the first energy transmission
window is electrically connected to the input coupler and
an input waveguide interface, and the second energy
transmission window is electrically connected to the out-
put couplerand an output waveguide interface. The slow-
wave structure further includes the first energy transmis-
sion window and the second energy transmission win-
dow, so that the first energy transmission window and the
second energy transmission window respectively imple-
ment sealing of the first waveguide at the first input hole
and the firstoutput hole, to ensure sealing performance of
the first waveguide.

[0019] Ina possible implementation, an inner wall of at
leastone of the firstinput hole and the first output hole has
a flange, and the flange supports and is connected to at
least one of the first energy transmission window and the
second energy transmission window. The inner wall of at
least one of the firstinput hole and the first output hole has
the flange. This helps improve stability of a position of the
first energy transmission window and/or the second en-
ergy transmission window in the slow-wave structure.
[0020] Inapossible implementation, the second hous-
ing cover has a second input hole and a second output
hole, the first input hole and the second input hole com-
municate with each other along the first direction, and the
first output hole and the second output hole communicate
with each other along the first direction. The slow-wave
structure further includes a first reflecting member and a
second reflecting member, the first reflecting member
seals the second input hole, and the second reflecting
member seals the second output hole. The second hous-
ing cover has the second input hole and the second
output hole, the first reflecting member seals the second
input hole, and the second reflecting member seals the
second output hole. This helps ensure that the first wa-
veguide is in a sealed state. The first reflecting member
and the second reflecting member are disposed, so that
phase cancellation occurs between an electromagnetic
wave after reflection and an original electromagnetic
wave, to improve stability of the electromagnetic wave
in a transmission process.

[0021] In a possible implementation, one of the first
housing cover and the second housing cover includes a
circuit layer, and the circuit layer is connected to the other
one of the first housing cover and the second housing
coverin a stacked manner along the first direction. One of
the first housing cover and the second housing cover
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includes the circuit layer, and the circuit layer is con-
nected to the other one of the first housing cover and
the second housing cover in the stacked manner along
the first direction, so that the slow-wave transmission line
can be integrated with another structure in the slow-wave
structure in the stacking direction. This improves integra-
tion of the slow-wave transmission line with the housing,
and helps implement the miniaturization of the slow-wave
structure.

[0022] In a possible implementation, the slow-wave
transmission line is parallel to the first plane, there are
atleasttwo slow-wave transmission lines, and the atleast
two slow-wave transmission lines are disposed at a
spacing in a stacked manner along the first direction.
There are at least two slow-wave transmission lines. This
helps generate electric fields in a same direction and
improve the amplification effect of the slow-wave struc-
ture on the electromagnetic wave.

[0023] In a possible implementation, the input coupler
and the output coupler are located on a same side of the
slow-wave transmission line along the first direction. The
input coupler and the output coupler are located on the
same side of the slow-wave transmission line along the
first direction, so that space occupied by the slow-wave
transmission line, the input coupler, and the output cou-
pler along the first direction is reduced. This helps imple-
ment the miniaturization of the slow-wave structure.
[0024] According to a second aspect, this application
further provides a traveling-wave tube, including an elec-
tron gun, a collector, a focusing system, an input appa-
ratus, an output apparatus, and the slow-wave structure
according to any one of the implementations of the first
aspect. Both the electron gun and the collector are fixed
to a housing of the slow-wave structure, the electron gun
is configured to emit electrons into a first waveguide of the
slow-wave structure, the collector is configured to collect
the electrons in the first waveguide, the focusing system
is configured to cause the electrons to pass through the
slow-wave structure, the input apparatus is electrically
connected to an input coupler of the slow-wave structure,
the input apparatus is configured to send an electromag-
netic wave to the input coupler, the output apparatus is
electrically connected to an output coupler of the slow-
wave structure, and the output coupler is configured to
send an amplified electromagnetic wave to the output
apparatus. Beneficial effects of this embodiment are
similar to those corresponding to the foregoing embodi-
ment, and details are not described in this embodiment
again.

[0025] According to a third aspect, this application
further provides a network device, including an antenna
and the traveling-wave tube according to the second
aspect. The antenna is electrically connected to the
traveling-wave tube, and the antenna is configured to
send an electromagnetic wave amplified by the traveling-
wave tube. Beneficial effects of this embodiment are
similar to those corresponding to the foregoing embodi-
ment, and details are not described in this embodiment
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again.
BRIEF DESCRIPTION OF DRAWINGS
[0026]

FIG. 1 is a schematic perspective view of a structure
of a slow-wave structure according to an implemen-
tation of this application;

FIG. 2 is an exploded view of a slow-wave structure
according to the implementation shown in FIG. 1;
FIG. 3 is a diagram of a structure of a first housing
cover in the implementation shown in FIG. 1;

FIG. 4 is a diagram of a structure of a slow-wave
structure in which neither an input coupler nor an
output coupler is coplanar with a first plane and no
housing is disposed according to an implementation
of this application;

FIG. 5 is a diagram of a structure of a slow-wave
structure in which only an input coupler is not copla-
nar with a first plane and no housing is disposed
according to an implementation of this application;
FIG. 6 is a diagram of a structure of a slow-wave
structure in which only an output coupler is not
coplanarwith afirst plane and no housingis disposed
according to an implementation of this application;
FIG. 7 is a diagram of a structure of a slow-wave
structure that has a single transmission line segment
and a single attenuator and in which no housing is
disposed according to an implementation of this
application;

FIG. 8 is a diagram of a structure of a slow-wave
structure that has two transmission line segments
and two attenuators and in which no housing is
disposed according to an implementation of this
application;

FIG. 9 is a diagram of a structure of a slow-wave
structure that has three transmission line segments
and four attenuators and in which no housing is
disposed according to an implementation of this
application;

FIG. 10 is a diagram of a structure of a slow-wave
structure that has an energy transmission window
and a reflecting member according to an implemen-
tation of this application;

FIG. 11 is an exploded view of a slow-wave structure
according to the implementation shown in FIG. 10;
FIG. 12is aschematic perspective view of a structure
of an inner wall of a first input hole and a first energy
transmission window according to an implementa-
tion of this application;

FIG. 13 is an exploded view of an inner wall of a first
input hole and a first energy transmission window
according to the implementation shown in FIG. 12;
FIG. 14 is a diagram of a system of a traveling-wave
tube according to an implementation of this applica-
tion; and

FIG. 15 is a diagram of a system of a network device
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according to an implementation of this application.
DESCRIPTION OF EMBODIMENTS

[0027] The following describes embodiments of this
application with reference to the accompanying drawings
in embodiments of this application.

[0028] For ease of understanding, the following first
explains and describes English abbreviations and re-
lated technical terms in embodiments of this application.
[0029] It should be noted that the described embodi-
ments are merely part of rather than all of embodiments of
this application. All other embodiments obtained by a
person of ordinary skill in the art based on embodiments
of this application without creative efforts shall fall within
the protection scope of this application.

[0030] The terms used in embodiments of this applica-
tion are merely for the purpose of describing specific
embodiments, and are not intended to limit this applica-
tion. Theterms"a", "said" and "the" of singular forms used
in embodiments and the appended claims of this applica-
tion are also intended to include plural forms, unless
otherwise specified in the context clearly.

[0031] Itshould be understood that the term "and/or" in
this specification is merely a same field for describing
associated objects and represents that three relation-
ships may exist. For example, A and/or B may represent
the following three cases: Only A exists, both A and B
exist, and only B exists. In addition, the character"/" in this
specification generally indicates an "or" relationship be-
tween the associated objects.

[0032] Depending on the context, for example, the
term "if" as used herein may be explained as "when",
"while", "in response to determining", or "in response to
detecting”". Similarly, depending on the context, the
phrase "if determining"” or "if detecting (a stated condition
or event)" may be explained as "when determining”, "in
response to determining”, "when detecting (the stated
condition or event)", or "in response to detecting (the
stated condition or event)".

[0033] It should be understood that, the terms "first",
"second", and the like used in this application are merely
used for distinguishing and description, but cannot be
understood as an indication or implication of relative
importance or an indication or implication of a sequence.
[0034] In the descriptions of this application, orienta-
tion or position relationships indicated by the terms "cen-
ter", "upper”, "lower", "front", "rear", "left", "right", "verti-
cal", "horizontal", "top", "bottom", "inner", "outer", and the
like are based on orientation or position relationships
shown in the accompanying drawings, and are used only
for ease and brevity of description of this application,
rather than indicating or implying that a specified appa-
ratus or component needs to have a specific orientation,
and be constructed and operated in the specific orienta-
tion. Therefore, this cannot be understood as a limitation
on this application.

[0035] In the descriptions of this application, it should
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be noted that due to a manufacturing error or an assem-
bly error, there is some angle deviation in a design that
should be vertical or parallel, for example, a deviation
within 15 degrees, which is also considered as vertical or
parallel in this implementation.

[0036] Inthis application, "inarange of..." includes end
values at both ends of the range by default except thatitis
separately indicated thatan end value is notincluded. For
example, arange of 1to 5includes the two values 1and 5.
[0037] In the descriptions of this application, it should
be noted that, unless otherwise expressly specified and
limited, the terms such as "mount”, "interconnect", and
"connect" should be understood in a broad sense, for
example, may be a fixed connection, a detachable con-
nection, an abutting connection, or an integral connec-
tion. A person of ordinary skill in the art may understand
specific meanings of the foregoing terms in this applica-
tion according to specific situations.

[0038] It should be understood that, in this application,
"electrically connected" may be understood as physical
contact and electrical conduction between components,
or may be understood as a form in which different com-
ponents in a line structure are connected through physi-
cal lines that can transmit a signal, such as a printed
circuit board (printed circuit board, PCB) copper foil or a
conductor wire. Both "connect" and "interconnect" may
indicate a mechanical connection relationship or a phy-
sical connection relationship. For example, that A is
connected to B or A and B are interconnected may
indicate thatthere is afastening component (for example,
ascrew, a bolt, orarivet) between Aand B,or Aand B are
in contact with each other and it is difficult to separate A
from B.

[0039] In this application, an electrical length may be
expressed by multiplying a physical length (namely, a
mechanical length or a geometric length) by a ratio of
transmission time of an electrical or electromagnetic
signal in a medium to time required by the signal to travel,
in free space, for a distance that is the same as the
physical length of the medium. The electrical length
may satisfy the following formula:

L=Lxa/b

[0040] L is the physical length, a is the transmission
time of the electrical or electromagnetic signal in the
medium, and b is the transmission time in the free space.
[0041] Alternatively, an electrical length may be a ratio
of a physical length (namely, a mechanical length or a
geometric length) to a wavelength of a transmitted elec-
tromagnetic wave. The electrical length may satisfy the
following formula:

L=L/A

[0042] Listhe physicallength, and A is the wavelength
of the electromagnetic wave.
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[0043] Coupling is a phenomenon that two or more
circuit elements or electrical networks closely cooperate
with and affect each otherin input and output, and energy
is transmitted from one side to another side through
interaction.

[0044] A millimeter-wave transmitter has advantages
of a wide frequency band and high linearity, can meet
requirements for ultra-large capacity transmission of a
communication system, and brings greatadvantagestoa
millimeter-wave communication system. A millimeter-
wave power amplifier is a core component of the milli-
meter-wave transmitter, and performance of the milli-
meter-wave power amplifier directly determines costs,
a size, and transmission performance of the millimeter-
wave transmitter. The millimeter-wave power amplifier
includes a solid-state power amplifier and a traveling-
wave tube. The applicable power of a solid-state power
amplifier is relatively low, causing the millimeter-wave
transmitter using the solid-state power amplifier to have
low output power, and significantly limiting the coverage
distance of a base station. Consequently, and a larger
number of base stations must be deployed to meet cover-
age requirements, thereby increasing deployment costs.
[0045] The traveling-wave tube is a microwave elec-
tron tube that implements an electromagnetic wave am-
plification function through synchronization between a
speed of an electron beam and a phase velocity of an
electromagnetic wave. In the traveling-wave tube, the
electron beam interacts with a traveling electromagnetic
wave in a slow-wave circuit, and the electron beam
continuously transfers kinetic energy to the electromag-
netic wave, so that the electromagnetic wave is amplified.
Because the electron beam interacts with a slow-wave
structure instead of a resonant cavity, the traveling-wave
tube has a wide operating frequency band, high effi-
ciency, and large output power.

[0046] The slow-wave structure is an apparatus for
implementing enhancement of interaction between elec-
trons and an electromagnetic field in the traveling-wave
tube, so that energy of an electronic flow is more effec-
tively converted into high-frequency energy of the elec-
tromagnetic wave. A propagation speed of the electro-
magnetic wave in vacuum is the speed of light, and a
movement speed of the electron beam in vacuum is far
less than the speed of light. Therefore, to cause the
electromagnetic wave to interact with the electron beam,
a specific high-frequency structure needs to be used to
reduce a movement velocity of the electromagnetic wave
on an equiphase surface. In other words, the phase
velocity of the electromagnetic wave needs to be re-
duced, so that the movement speed of the electrons is
close to the phase velocity of the electromagnetic wave,
to meet a synchronization condition.

[0047] The slow-wave structure includes a slow-wave
structure of an all-metal waveguide type and a slow-wave
structure of a dielectric-supported type. A material of the
slow-wave structure of the all-metal waveguide typeis all-
metal, which is more conducive to processing and man-
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ufacturing. The slow-wave structure includes a hollow
metal waveguide tube. The hollow metal waveguide tube
is configured to deform or fold a transmission path of an
electromagnetic wave, to reduce a propagation phase
velocity of the electromagnetic wave and implement en-
ergy conversion between the electromagnetic wave and
electrons. The slow-wave structure of the all-metal wa-
veguide type operates in a transverse electric wave/-
transverse magnetic (TE/TM) mode. In an electromag-
netic wave transmission process, a transmission speed
of the electromagnetic wave in the TE/TM mode is high.
Therefore, more transmission paths of the electromag-
neticwave need to be folded, to reduce the phase velocity
of the electromagnetic wave to a required range. Con-
sequently, alength of the hollow metal waveguide tube in
a transmission direction of the electromagnetic wave is
increased. Consequently, a structure size of the slow-
wave structure of the all-metal waveguide type is in-
creased, and a miniaturization requirement cannot be
met. In addition, because a waveguide of this type needs
to operate on a spatial harmonic wave to implement a
slow-wave effect, an electric field of the electromagnetic
wave transmitted through the hollow metal waveguide
tube is small in the transmission direction. Consequently,
the slow-wave structure of the all-metal waveguide type
has a poor amplification effect on the electromagnetic
wave.

[0048] The slow-wave structure of the dielectric-sup-
ported type includes a metal slow-wave line, dielectric-
supported rods, and a metal envelope that are sequen-
tially sleeved. The metal slow-wave line is used to trans-
mit electromagnetic waves, and a structure of the metal
slow-wave line is a bending structure, so that a path of the
electromagnetic wave is folded when the electromag-
netic wave is transmitted at the metal slow-wave line, to
reduce a propagation phase velocity of the electromag-
netic wave and implement energy conversion between
the electromagnetic wave and electrons. The metal en-
velope functions as a waveguide that encloses the di-
electric-supported rods and the metal slow-wave line.
Materials of the dielectric-supported rods and the metal
envelope are different. The material of the dielectric-
supported rods is usually ceramic. The slow-wave struc-
ture of the dielectric-supported type has a dual-conductor
structure, so that the slow-wave structure of the dielec-
tric-supported type operates in a transverse electromag-
netic (TEM/quasi-TEM) mode. Compared with the
TE/TM mode, the TEM/quasi-TEM mode has a wider
bandwidth, and easier reduction of the phase velocity
of the electromagnetic wave to the required range in a
small size. In addition, because this type of slow-wave
structure operates on a first spatial harmonic wave in the
TEM mode, an electric field of the electromagnetic wave
transmitted through the metal slow-wave line is large in a
transmission direction, so that the slow-wave structure of
the dielectric-supported type has a good amplification
effect on the electromagnetic wave.

[0049] The slow-wave structure of the dielectric-sup-
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ported type is more conducive to miniaturization of the
traveling-wave tube. However, currently, integration of an
input coupler and an output coupler of the slow-wave
structure of the dielectric-supported type with a wave-
guide is low, and the input coupler and the output coupler
have poor consistency with a waveguide assembly man-
ner in an assembly process. This causes assembly of a
traveling-wave tube of the dielectric-supported type to be
complex and an error to be easily generated, and is also
not conducive to further miniaturization of the traveling-
wave tube of the dielectric-supported type.

[0050] Thisapplication provides a slow-wave structure
100. FIG. 1is a schematic perspective view of a structure
of a slow-wave structure 100 according to an implemen-
tation of this application, and FIG. 2is an exploded view of
a slow-wave structure 100 according to the implementa-
tion shown in FIG. 1. The slow-wave structure 100 in-
cludes a housing 10 and a slow-wave transmission line
20.The housing 10includes afirsthousing cover 11 and a
second housing cover 12 that are connected in a stacked
manner along afirst direction (a Zdirectionin FIG. 1). The
first housing cover 11 and the second housing cover 12
enclose to form a first waveguide 13, and the slow-wave
transmission line 20 is fixed in the first waveguide 13.
[0051] The first waveguide 13 allows electrons to pass
through. The first waveguide 13 may extend along a
straight line in a second direction (a Y direction in FIG.
1), which may be perpendicular to the first direction. The
cross-sectional area of the first waveguide 13 perpendi-
cular to the second direction may remain unchanged
along the second direction, to ensure consistency of
the channel area of the first waveguide 13 along the
extension direction, prevent the electrons from being
blocked by an inner wall while traveling through the first
waveguide 13, and improve space utilization of the first
waveguide 13. The cross-sectional shape of the first
waveguide 13 includes but is not limited to a circle or a
rectangle, and may be set based on an actual require-
ment.

[0052] The slow-wave transmission line 20 is for trans-
mission of an electromagnetic wave, the slow-wave
transmission line 20 is fixed in the first waveguide 13,
and the electromagnetic wave transmitted through the
slow-wave transmission line 20 interacts with the elec-
trons in the first waveguide 13 to amplify the electromag-
netic wave.

[0053] The slow-wave transmission line 20 has a
folded structure that folds the propagation path of the
electromagnetic wave when the electromagnetic wave is
transmitted at a metal slow-wave line, to reduce the
propagation phase velocity of the electromagnetic wave.
The entire slow-wave transmission line 20 may extend
along a straight line along the second direction, and an
extension direction of the slow-wave transmission line 20
is the same as the extension direction of the first wave-
guide 13, so that the overall transmission direction of the
electromagnetic wave at the slow-wave transmission line
20isthe same as a transmission direction of the electrons



13 EP 4 819 190 A1 14

in the first waveguide 13.

[0054] FIG. 4isadiagram of a structure of a slow-wave
structure 100 in which neither an input coupler 30 nor an
output coupler 40 is coplanar with a first plane 26, and the
housing 10 is not disposed according to an implementa-
tion of this application. The slow-wave transmission line
20 may extend along the first plane 26, the first plane 26 is
one of planes perpendicular to the first direction, the
entire slow-wave transmission line 20 extends along
the second direction on the first plane 26, and a central
axis of the slow-wave transmission line 20 is located on
the first plane 26, so that the slow-wave transmission line
20 is symmetrically disposed relative to the first plane 26.
[0055] Inanembodiment, the slow-wave transmission
line 20 may extend in a spiral manner along the second
direction. In a spiral extension process of the slow-wave
transmission line 20, the radius of a single spiral may
remain unchanged, to ensure consistency of folding de-
grees of the path at all positions when the electromag-
netic wave is transmitted through the metal slow-wave
line.

[0056] Inanembodiment, the slow-wave transmission
line 20 may alternatively curve and extend along the
second direction on the first plane 26. The slow-wave
transmission line 20 includes a plurality of curved lines
that are connected in a head-to-tail manner. The plurality
of curved lines may have a same shape and a same size,
and the shape of the plurality of curved lines includes but
is not limited to a U shape, a V shape, or an S shape.
[0057] The slow-wave structure 100 further includes
the input coupler 30 and the output coupler 40. Both the
input coupler 30 and the output coupler 40 are electrically
connected to the slow-wave transmission line 20. The
input coupler 30 is configured to input the electromag-
netic wave to the slow-wave transmission line 20. In a
process of transmitting the electromagnetic wave by the
slow-wave transmission line 20, the electrons in the first
waveguide 13 interact with an electromagnetic wave field
of the electromagnetic wave, and the electrons continu-
ously transfer kinetic energy to the electromagnetic wave
field, so that the electromagnetic wave is amplified. The
slow-wave transmission line 20 transmits an amplified
electromagnetic wave to the output coupler 40, and the
output coupler 40 outputs the amplified electromagnetic
wave from the slow-wave structure 100.

[0058] At least one of the input coupler 30 and the
output coupler 40 is not coplanar with the first plane
26. In an embodiment, refer to FIG. 4. Neither the input
coupler 30 nor the output coupler 40 may be coplanar
with the first plane 26. In an embodiment, FIG. 5 is a
diagram of a structure of a slow-wave structure 100 in
which only an input coupler 30 is not coplanar with a first
plane 26 and no housing 10 is disposed according to an
implementation of this application. The input coupler 30
may not be coplanar with the first plane 26, and the output
coupler 40 may be coplanar with the first plane 26. In an
embodiment, FIG. 6 is a diagram of a structure of a slow-
wave structure 100 in which only an output coupler 40 is
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not coplanar with a first plane 26 and no housing 10 is
disposed according to an implementation of this applica-
tion. The input coupler 30 may be coplanar with the first
plane 26, and the output coupler 40 may not be coplanar
with the first plane 26.

[0059] That atleast one of the input coupler 30 and the
output coupler 40 is not coplanar with the first plane 26
means that at least one of the input coupler 30 and the
output coupler40is not parallel to the first plane 26, and at
least one of the input coupler 30 and the output coupler 40
is not located on the first plane 26. Both the input coupler
30 andthe output coupler 40 may be angled relative to the
first plane 26; the input coupler 30 is angled relative to the
first plane 26, and the output coupler 40 is parallel to the
first plane 26; or the input coupler 30 is parallel to the first
plane 26, and the output coupler 40 is angled relative to
the first plane 26.

[0060] For example, both the input coupler 30 and the
output coupler 40 are perpendicular to the first plane 26;
the input coupler 30 is perpendicular to the first plane 26,
and the output coupler 40 is parallel to the first plane 26;
or the input coupler 30 is parallel to the first plane 26, and
the output coupler 40 is perpendicular to the first plane
26.

[0061] The housing 10 includes the first housing cover
11 and the second housing cover 12 that are connectedin
the stacked manner along the first direction. The slow-
wave structure 100 may be a stacked structure. In a
manufacturing process of the slow-wave structure 100,
layer structures in the slow-wave structure 100 can be
separately processed, so that the layer structures in the
slow-wave structure 100 can be simultaneously pro-
cessed. This helps implement planar batch manufactur-
ing, shorten processing time, and improve production
and processing efficiency of the slow-wave structure
100. In addition, the processed layer structures can be
sequentially assembled in a stacking direction. An as-
sembly manner in the stacking direction has a small error
and is more applicable to industrial production and man-
ufacturing. This helps simplify a processing and assem-
bly process of the slow-wave structure 100, improve
production precision and a yield rate of the slow-wave
structure 100, and improve an amplification effect of the
slow-wave structure 100 on the electromagnetic wave
and stability of amplification.

[0062] At least one of the input coupler 30 and the
output coupler 40 is not coplanar with the first plane
26, and at least one of the input coupler 30 and the output
coupler40 has the included angle with the first plane 26 in
a disposing process, so that a disposing direction of at
least one of the input coupler 30 and the output coupler 40
has good consistency with the stacking direction. When
the input coupler 30 or the output coupler 40 is pro-
cessed, atleast one of the input coupler 30 and the output
coupler 40 can be integrated with another structure in the
slow-wave structure 100 in the stacking direction, to
improve integration of at least one of the input coupler
30 and the output coupler 40, and help implement min-
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iaturization of the slow-wave structure 100. In addition,
this further helps match the stacking connection manner
of the first housing cover 11 and the second housing
cover 12, implement assembly of the input coupler 30
or the output coupler 40 in the stacking direction, and
simplify amanner of disposing the input coupler 30 and/or
the output coupler 40, so that the assembly of the input
coupler 30 or the output coupler 40 is more convenient for
industrial production.

[0063] The slow-wave structure 100 provided in this
application includes the housing 10, the slow-wave trans-
mission line 20, the input coupler 30, and the output
coupler 40. Both the input coupler 30 and the output
coupler 40 are electrically connected to the slow-wave
transmission line 20. The housing 10 encloses the first
waveguide 13. The slow-wave transmission line 20 is
fixed in the first waveguide 13, so that the electromag-
netic wave can be transmitted through the slow-wave
transmission line 20, and the electrons in the first wave-
guide 13 can act on the electromagnetic wave trans-
mitted through the slow-wave transmission line 20, to
implement amplification of the electromagnetic wave.
The slow-wave structure 100 uses a TEM/quasi-TEM
mode. This helps ensure that the electromagnetic wave
has a good amplification effect.

[0064] The housing 10 includes the first housing cover
11 and the second housing cover 12 that are connected in
the stacked manner along the first direction, so that the
slow-wave structure 100 is the stacked structure. In the
manufacturing process of the slow-wave structure 100,
the layer structures in the slow-wave structure 100 can be
separately processed. This helps implement the planar
batch manufacturing, shorten the processing time, and
improve the production and processing efficiency of the
slow-wave structure 100. In addition, at least one of the
input coupler 30 and the output coupler 40 is not coplanar
with the first plane 26, so that at least one of the input
coupler 30 and the output coupler 40 has good consis-
tency with the stacking direction. In other words, at least
one of the input coupler 30 and the output coupler 40 has
good consistency with an assembly manner of the slow-
wave structure 100. This helps simplify production and
assembly of the input coupler 30 and/or the output cou-
pler 40, improve integration of the input coupler 30 and
the output coupler 40, and implement the miniaturization
of the slow-wave structure 100.

[0065] In a possible implementation, refer to FIG. 4.
The input coupler 30 includes a first mode converter 31,
and the output coupler 40 includes a second mode con-
verter 41. The first mode converter 31 is configured to
convert a waveguide mode of the electromagnetic wave
from a TE mode to the TEM mode, and the second mode
converter 41 is configured to convert the mode of the
electromagnetic wave from the TEM mode to the TE
mode, so that a mode of the electromagnetic wave is
the TE mode when the electromagnetic wave is output.
[0066] The first mode converter 31 has a plurality of
first metal portions 311, the plurality of first metal portions
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311 are sequentially connected, and two adjacent first
metal portions 311 form a stepped structure. Similarly, the
second mode converter 41 has a plurality of second metal
portions 411, the plurality of second metal portions 411
are sequentially connected, and two adjacent second
metal portions 411 form a stepped structure. At least
one of the first mode converter 31 and the second mode
converter 41 is not coplanar with the first plane 26. In
other words, at least one of an arrangement direction of
the plurality of first metal portions 311 and an arrange-
ment direction of the plurality of second metal portions
411 is angled relative to the first plane 26.

[0067] Refer to FIG. 4. When neither the first mode
converter 31 nor the second mode converter 41 is co-
planar with the first plane 26, both the arrangement
direction of the plurality of first metal portions 311 and
the arrangement direction of the plurality of second metal
portions 411 are angled relative to the first plane 26. Refer
to FIG. 5. When the first mode converter 31 is not copla-
nar with the first plane 26, and the second mode con-
verter 41 is coplanar with the first plane 26, the arrange-
ment direction of the plurality of first metal portions 311 is
angled relative to the first plane 26, and the arrangement
direction of the plurality of second metal portions 411 is
parallel to thefirstplane 26. Refer to FIG. 6. When the first
mode converter 31 is coplanar with the first plane 26, and
the second mode converter 41 is not coplanar with the
first plane 26, the arrangement direction of the plurality of
first metal portions 311 is parallel to the first plane 26, and
the arrangement direction of the plurality of second metal
portions 411 is angled relative to the first plane 26.
[0068] Forexample, both the arrangement direction of
the plurality of first metal portions 311 and the arrange-
ment direction of the plurality of second metal portions
411 are perpendicular to the first plane 26; the arrange-
ment direction of the plurality of first metal portions 311 is
perpendicular to the first plane 26, and the arrangement
direction of the plurality of second metal portions 411 is
parallel to the first plane 26; or the arrangement direction
of the plurality of first metal portions 311 is parallel to the
first plane 26, and the arrangement direction of the plur-
ality of second metal portions 411 is perpendicular to the
first plane 26.

[0069] When the input coupler 30 and the output cou-
pler 40 are processed, one of the first mode converter 31
and the second mode converter 41 that is not coplanar
with the first plane 26 can implement integration with
another structure in the slow-wave structure 100 in the
stacking direction. To be specific, at least one of the
plurality of first metal portions 311 and the plurality of
second metal portions 411 is sequentially disposed in the
stacking direction, and two adjacent first metal portions
311 or two adjacent second metal portions 411 are se-
quentially connected in the stacking direction. This helps
simplify the production and the assembly of the input
coupler 30 and/or the output coupler 40, improve the
integration of the input coupler 30 and the output coupler
40, and implement the miniaturization of the slow-wave
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structure 100. Two adjacent first metal portions 311 ortwo
adjacent second metal portions 411 may be sequentially
welded along the stacking direction, so that the plurality of
first metal portions 311 form the integrated first mode
converter 31 or the plurality of second metal portions 411
form the integrated second mode converter 41.

[0070] Forexample, referto FIG. 4. Both the first mode
converter 31 and the second mode converter 41 are
perpendicular to the first plane 26, and both the arrange-
ment direction of the plurality of first metal portions 311
and the arrangement direction of the plurality of second
metal portions 411 are perpendicular to the first plane 26.
When the input coupler 30 and the output coupler 40 are
processed, the plurality of first metal portions 311 and the
plurality of second metal portions 411 are sequentially
connected in the stacking direction, and volumes of the
plurality of first metal portions 311 and volumes of the
plurality of second metal portions 411 in the stacking
direction decrease sequentially, so that two adjacent first
metal portions 311 or two adjacent second metal portions
411 form the stepped structure in the stacking direction.
[0071] For example, refer to FIG. 5. The first mode
converter 31 is perpendicular to the first plane 26, the
second mode converter 41 is parallel to the first plane 26,
the arrangement direction of the plurality of first metal
portions 311 is perpendicular to the first plane 26, and the
arrangement direction of the plurality of second metal
portions 411 is parallel to the first plane 26. When the
input coupler 30 is processed, the plurality of first metal
portions 311 are sequentially connected in the stacking
direction, so that the production and the assembly of the
input coupler 30 are more convenient, and the integration
of the input coupler 30 is improved.

[0072] Inanimplementation, refertoFIG. 2, FIG. 3,and
FIG. 4. FIG. 3 is a diagram of a structure of a first housing
cover in the implementation shown in FIG. 1. The input
coupler 30 further includes an input coaxial cable 32 and
a second waveguide 33. The input coaxial cable 32 is
electrically connected to the slow-wave transmission line
20 and the first mode converter 31. The input coaxial
cable 32 is configured to convert the waveguide mode of
the electromagnetic wave from the TEM mode to the
quasi-TEM mode, so that a mode of the electromagnetic
wave at the slow-wave transmission line 20 is the quasi-
TEM mode. Two ends of the input coaxial cable 32 may
be respectively electrically connected to the slow-wave
transmission line 20 and the first mode converter 31. The
input coaxial cable 32 is electrically connected to the
plurality of first metal portions 311. The input coaxial
cable 32 may be directly connected to a single first metal
portion 311 that is located at an end and that is in the
plurality of first metal portions 311. In other words, the
input coaxial cable 32 may be in contact with the single
first metal portion 311 that is located at the end and that is
in the plurality of first metal portions 311. The plurality of
first metal portions 311 and at least part of the input
coaxial cable 32 are located in the second waveguide
33, and the second waveguide 33 is configured to couple
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the electromagnetic wave, so that the electromagnetic
wave is transmitted from the input coupler 30 to the slow-
wave transmission line 20.

[0073] Similarly, the output coupler 40 includes an out-
put coaxial cable 42 and a third waveguide 43. The output
coaxial cable 42 is electrically connected to the slow-
wave transmission line 20 and the second mode con-
verter 41. The output coaxial cable 42 is configured to
convert the waveguide mode of the electromagnetic
wave from the quasi-TEM mode to the TEM mode, so
that a mode of the electromagnetic wave transmitted
through the slow-wave transmission line 20 to the second
mode converter 41 is the TEM mode. Two ends of the
output coaxial cable 42 may be respectively electrically
connected to the slow-wave transmission line 20 and the
second mode converter 41. The input coaxial cable 32
may be directly connected to a single second metal
portion 411 that is located at an end and that is in the
plurality of second metal portions 411. The plurality of
second metal portions 411 and at least part of the output
coaxial cable 42 are located in the third waveguide 43,
and the third waveguide 43 is configured to couple the
electromagnetic wave, so that the amplified electromag-
neticwave is output from the slow-wave transmission line
20.

[0074] Both the input coaxial cable 32 and the output
coaxial cable 42 may extend along straight lines, and
both an extension direction of the input coaxial cable 32
and an extension direction of the output coaxial cable 42
may be parallel to the first plane 26. In comparison with a
case in which both the extension direction of the input
coaxial cable 32 and the extension direction of the output
coaxial cable 42 are angled relative to the first plane 26,
space occupied by the input coupler 30 and the output
coupler 40 along the first direction (the Z direction in FIG.
4) is reduced. This helps simplify a manner of disposing
the input coaxial cable 32 and the output coaxial cable 42,
and fully utilize space of the slow-wave structure 100 in
the first plane 26.

[0075] Inanimplementation, referto FIG.4,FIG.5,and
FIG. 6. Both the input coupler 30 and the output coupler
40 are located on a same side of the slow-wave transmis-
sion line 20 along the first direction (the Z direction in FIG.
4 to FIG. 6). In other words, both the input coupler 30 and
the output coupler 40 are located on a same side of the
slow-wave transmission line 20 in the stacking direction.
When the input coupler 30 and the output coupler 40 are
processed, the input coupler 30 and the output coupler40
can be integrated at the same time. This helps simplify
the production and the assembly of the input coupler 30
and the output coupler 40. In addition, in comparison with
a case in which the input coupler 30 and the output
coupler40 are respectively located on two opposite sides
of the slow-wave transmission line 20 along the first
direction, space occupied by the slow-wave transmission
line 20, the input coupler 30, and the output coupler 40
along the first direction is reduced. This helps implement
the miniaturization of the slow-wave structure 100.
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[0076] The input coupler 30 and the output coupler 40
may be respectively directly connected to two ends of the
slow-wave transmission line 20. In other words, the input
coupler 30 and the output coupler 40 may be respectively
directly in contact with the two ends of the slow-wave
transmission line 20, so that an extension length of the
slow-wave transmission line 20 along the second direc-
tion is fully utilized. This helps implement the miniatur-
ization of the slow-wave structure 100.

[0077] The slow-wave transmission line 20 extends
along the second direction (the Y direction in FIG. 4 to
FIG. 6), and both the input coaxial cable 32 and the output
coaxial cable 42 may extend along a third direction (an X
direction in FIG. 4 to FIG. 6). The third direction is per-
pendicular to both the second direction and the first
direction. In this case, the two ends of the input coaxial
cable 32 are respectively connected to the plurality of first
metal portions 311 and the slow-wave transmission line
20, and the two ends of the output coaxial cable 42 are
respectively connected to the plurality of second metal
portions 411 and the slow-wave transmission line 20. In
this way, both the plurality of first metal portions 311 and
the plurality of second metal portions 411 are disposed at
spacings with the slow-wave transmission line 20, to
provide space for disposing of the slow-wave transmis-
sion line 20 and electron transmission in the first wave-
guide 13. The input coupler 30 and the output coupler 40
may be respectively located on two sides of the slow-
wave transmission line 20 along the third direction, so
that the input coupler 30 and the output coupler 40 are
disposed in a staggered manner relative to the slow-
wave transmission line 20. This is convenient for identi-
fication when an input apparatus 203 and an output
apparatus 204 are respectively connected to the input
coupler 30 and the output coupler 40 of the slow-wave
structure 100.

[0078] In a possible implementation, FIG. 7 is a dia-
gram of a structure of a slow-wave structure 100 that has
a single transmission line segment and a single attenua-
tor 60 and in which no housing 10 is disposed according
to an implementation of this application, and FIG. 8 is a
diagram of a structure of a slow-wave structure 100 that
has two transmission line segments and two attenuators
60 andinwhich no housing 10is disposed accordingtoan
implementation of this application. The slow-wave struc-
ture 100 includes at least one attenuator 60, and the
attenuator 60 is configured to absorb an electromagnetic
wave. The single attenuator 60 is electrically connected
to the input coupler 30 or the output coupler 40, the single
attenuator 60 is indirectly electrically connected to the
input coupler 30 through the slow-wave transmission line
20, and the slow-wave transmission line 20 is located
between the input coupler 30 and the attenuator 60. The
single attenuator 60 may be indirectly electrically con-
nected to the output coupler 40 through the slow-wave
transmission line 20, or may be directly electrically con-
nected to the output coupler 40. When the attenuator 60
is directly electrically connected to the output coupler 40,
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the single attenuator 60 is connected to the output cou-
pler 40 through direct contact.

[0079] In an embodiment, refer to FIG. 7. The slow-
wave transmission line 20 is the single transmission line
segment, and the input coupler 30 and the output coupler
40 are respectively directly connected to the two ends of
the slow-wave transmission line 20. The slow-wave
structure 100 includes the single attenuator 60, and
the single attenuator 60 is directly connected to the output
coupler40. When electromagnetic waves are transmitted
from the input coupler 30 to the output coupler 40 through
the slow-wave transmission line 20, most electromag-
netic waves can be output from the output coupler 40. To
avoid that part of electromagnetic waves are reflected to
the slow-wave transmission line 20 at the output coupler
40 and consequently electromagnetic waves in the slow-
wave transmission line 20 are affected during transmis-
sion, the output coupler 40 is electrically connected to the
attenuator 60, and the attenuator 60 absorbs a redundant
electromagnetic wave at the output coupler 40. This
helps avoid that the electromagnetic wave is reflected
to the slow-wave transmission line 20, improve stability of
electromagnetic wave transmission at the slow-wave
transmission line 20, and ensure the amplification effect
of the slow-wave structure 100 on the electromagnetic
wave.

[0080] In an embodiment, refer to FIG. 8 and FIG. 9.
FIG. 9is adiagram of a structure of a slow-wave structure
100 that has three transmission line segments and four
attenuators 60 and in which no housing 10 is disposed
according to an implementation of this application. The
slow-wave transmission line 20 includes at least two
transmission line segments. The at least two transmis-
sion line segments are sequentially disposed along the
second direction, two adjacent transmission line seg-
ments are disposed at a spacing, and two adjacent
transmission line segments are spaced along the second
direction. The input coupler 30 and the output coupler 40
are located at the two ends of the slow-wave transmission
line 20, and the input coupler 30 and the output coupler40
are respectively electrically connected to two transmis-
sion line segments located at the two ends. When the
slow-wave transmission line 20 includes at least two
transmission line segments, the electromagnetic wave
is sequentially transmitted at the atleast two transmission
line segments, and two adjacent transmission line seg-
ments are disposed at a spacing. A spacing distance
between two adjacent transmission line segments is set,
so that truncation of a transmission path of the electro-
magnetic wave can be implemented at the spacing be-
tween the two adjacent transmission line segments. In
addition, an electron beam used to interact with the
electromagnetic wave at the spacing may enter a next
segment of slow-wave line without interception under
magnetic confinement, and excite a corresponding elec-
tromagnetic field to continue to interact with the electro-
magnetic wave. This helps improve the amplification
effect on the electromagnetic wave.
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[0081] The slow-wave structure 100 further includes at
least two couplers 50 at spacings. The coupler 50 at the
spacing is electrically connected to ends that are of two
adjacent transmission line segments and that are at the
spacing. Two ends of one of the two transmission line
segments at the two ends are respectively electrically
connected to the input coupler 30 and the coupler 50 that
is at the spacing, and two ends of the other transmission
line segment are respectively electrically connected to
the output coupler 40 and the coupler 50 that is the
spacing.

[0082] The slow-wave structure 100 includes at least
two attenuators 60. The attenuator 60 is electrically con-
nected to the coupler 50 at the spacing, and a quantity of
couplers 50 at spacings is the same as a quantity of
attenuators 60. Both the input coupler 30 and the output
coupler 40 are indirectly electrically connected to the
attenuator 60 through the transmission line. The coupler
50 at the spacing is directly electrically connected to the
attenuator 60. In other words, the coupler 50 at the
spacing is in direct contact with the attenuator 60. The
coupler 50 at the spacing is electrically connected to both
the transmission line and the attenuator 60, so that the
coupler 50 at the spacing is located between the trans-
mission line and the attenuator 60. Each transmission
line segment is electrically connected to at least one
attenuator 60, so that the attenuator 60 is disposed at
each transmission line segment to absorb a redundant
electromagnetic wave. This avoids that the electromag-
netic wave is reflected at each transmission line seg-
ment, and helps improve stability of amplification of the
electromagnetic wave at each transmission line seg-
ment.

[0083] A quantity of transmission lines included in the
slow-wave transmission line 20 is n, and a quantity of
attenuators 60 in the slow-wave structure 100 is m. When
the slow-wave transmission line 20 includes at least two
transmission line segments, the quantity of transmission
lines and the quantity of attenuators 60 satisfy arelational
expression: m=2X(n-1). The slow-wave structure 100
satisfies the foregoing relational expression, so thateach
transmission line segment is electrically connected to at
least one attenuator 60. This helps improve transmission
stability of the electromagnetic wave at each transmis-
sion line segment.

[0084] For example, refer to FIG. 8. The slow-wave
transmission line 20 includes two transmission line seg-
ments. The two transmission line segments are respec-
tively a first transmission line 21 and a second transmis-
sion line 22. Two ends of the first transmission line 21 are
respectively electrically connected to the input coupler 30
and a coupler 51 at a first spacing, and two ends of the
second transmission line 22 are respectively electrically
connected to the output coupler 40 and a coupler 52 ata
second spacing. The slow-wave structure 100 includes
two attenuators 60. The two attenuators 60 are respec-
tively a first attenuator 61 and a second attenuator 62.
The first attenuator 61 is electrically connected to the
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coupler 51 at the first spacing, and the second attenuator
62 is electrically connected to the coupler 52 at the
second spacing.

[0085] For example, refer to FIG. 9. The slow-wave
transmission line 20 includes three transmission line
segments. The three transmission line segments are
respectively a first transmission line 21, a second trans-
mission line 22, and a third transmission line 23. The first
transmission line 21 and the second transmission line 22
are respectively located at the two ends of the slow-wave
transmission line 20, and the third transmission line 23 is
located in a middle area of the slow-wave transmission
line 20. Two ends of the first transmission line 21 are
respectively electrically connected to the input coupler 30
and the coupler 51 at the first spacing, two ends of the
second transmission line 22 are respectively electrically
connected to the output coupler 40 and the coupler 52 at
the second spacing, and two ends of the third transmis-
sion line 23 are respectively electrically connected to a
coupler 53 at a third spacing and a coupler 54 at a fourth
spacing. The slow-wave structure 100 includes four at-
tenuators 60. The four attenuators 60 are respectively the
first attenuator 61, the second attenuator 62, a third
attenuator 63, and a fourth attenuator 64. The first at-
tenuator 61 is electrically connected to the coupler 51 at
the first spacing, the second attenuator 62 is electrically
connected to the coupler 52 at the second spacing, the
third attenuator 63 is electrically connected to the coupler
53 at the third spacing, and the fourth attenuator 64 is
electrically connected to the coupler 54 at the fourth
spacing, so that the two ends of the third transmission
line 23 are respectively electrically connected to the third
attenuator 63 and the fourth attenuator 64.

[0086] Ina possibleimplementation, referto FIG. 8 and
FIG. 9. Neither the input coupler 30 nor the output coupler
40 is coplanar with the first plane 26, so that disposition
directions of both the input coupler 30 and the output
coupler 40 have good consistency with the stacking
direction. Both the input coupler 30 and the output cou-
pler 40 can implement integration with another structure
in the slow-wave structure 100 in the stacking direction.
This helps simplify the manner of deposing the input
coupler 30 and the output coupler 40, and improve the
integration of the input coupler 30 and the output coupler
40.

[0087] The couplers 50 atthe spacings are all coplanar
with the first plane 26, so that disposing directions of the
couplers 50 at the spacings are all parallel to the first
plane 26. This helps provide space for disposing of the
attenuator 60. In comparison with a case in which the
coupler 50 at the spacing is not coplanar with the first
plane 26, when the attenuator 60 is electrically connected
to the coupler 50 at the spacing that is coplanar with the
first plane 26, space occupied by the attenuator 60 and
the coupler 50 at the spacing is small along the first
direction. This helps implement the miniaturization of
the slow-wave structure 100.

[0088] For example, refer to FIG. 8. Both the input
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coupler 30 and the output coupler 40 are perpendicular to
the first plane 26. Both the two couplers 50 at the spa-
cings are parallel to the first plane 26, and disposition
directions of the coupler 50 at the spacing and the at-
tenuator 60 electrically connected to the coupler 50 at the
spacing are parallel to the first plane 26. This helps fully
utilize space parallel to the first plane 26 of the slow-wave
structure 100, reduce space occupied by the attenuator
60 and the coupler 50 at the spacing along the first
direction, and implement the miniaturization of the
slow-wave structure 100.

[0089] The coupler 50 at the spacing includes a third
mode converter 55, a coaxial cable 56 at the spacing, and
a fourth waveguide. The third mode converter 55 in-
cludes a plurality of third metal portions 551, the plurality
of third metal portions 551 are sequentially connected,
two adjacent third metal portions 551 form a stepped
structure, and an arrangement direction of the plurality of
third metal portions 551 is parallel to the first plane 26.
The coaxial cable 56 at the spacing is electrically con-
nected to the slow-wave transmission line 20 and the
third mode converter 55. Two ends of the coaxial cable 56
atthe spacing may be respectively electrically connected
to the slow-wave transmission line 20 and the third mode
converter 55. The coaxial cable 56 at the spacing is
electrically connected to the plurality of third metal por-
tions 551. The coaxial cable 56 at the spacing may be
directly connected to a single third metal portion 551 that
is located atan end and that is in the plurality of third metal
portions 551. The coaxial cable 56 at the spacing may
extend along the third direction. The plurality of third
metal portions 551 and at least part of the coaxial cable
56 atthe spacing are located in the fourth waveguide, and
the fourth waveguide is configured to couple the electro-
magnetic wave, so that part of amplified electromagnetic
waves are absorbed by the attenuator 60.

[0090] Ina possibleimplementation, referto FIG. 8 and
FIG. 9. The slow-wave transmission line 20 includes at
least two repeating units, and a single transmission line
segment includes at least one repeating unit, so that the
single transmission line segment includes at least one
periodicity. In other words, a periodicity quantity of the
single transmission line segment is the same as a quan-
tity of repeating units in the single transmission line
segment. A plurality of repeating units are connected
in a head-to-tail manner along the second direction
(the Y direction in FIG. 8 and FIG. 9), and a minimum
length of a single repeating unit along the second direc-
tion is one periodicity length. In other words, a periodicity
length of the single transmission line segment is the
minimum length of the single repeating unit in the single
transmission line segment along the second direction.
[0091] The slow-wave transmission line 20 includes at
least two transmission line segments, and the at least two
transmission line segments are different in at least one of
periodicity quantity and periodicity length, so that a re-
duction rate of a phase velocity of the electromagnetic
wave at each transmission line segment varies. This
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helps improve the amplification effect of the slow-wave
structure 100 on the electromagnetic wave.

[0092] For example, refer to FIG. 8. The slow-wave
transmission line 20 includes the first transmission line 21
and the second transmission line 22, a periodicity length
ofthefirsttransmissionline 21 is the same as a periodicity
length of the second transmission line 22, and a periodi-
city quantity of the first transmission line 21 is less than a
periodicity quantity of the second transmission line 22, so
that a length of the first transmission line 21 along the
second direction is less than a length of the second
transmission line 22 along the second direction.

[0093] In an implementation, the repeating unit in the
slow-wave transmission line 20 is a curved line, at least
two curved lines have a same shape and a same size,
and the shape of the atleast two curved lines includes but
is not limited to a U shape, a V shape, or an S shape.
[0094] In a possible implementation, refer to FIG. 7,
FIG. 8,and FIG. 9. The attenuator 60 is in a wedge shape.
A cross-sectional area of the attenuator 60 on a side
close to the coupler 50 at the spacing is larger than a
cross-sectional area of the attenuator 60 on a side away
from the coupler 50 at the spacing, and the cross section
is perpendicular to a direction from the coupler 50 at the
spacing to the attenuator 60. The attenuator 60 is in the
wedge shape. This helps reduce reflection of the electro-
magnetic wave in the attenuator 60, so that the attenuator
60 can absorb an electromagnetic wave with a larger
frequency range and larger power.

[0095] For example, the direction from the coupler 50
at the spacing to the attenuator 60 is parallel to the
second direction, and a cross-sectional area of the side
thatis of the attenuator 60 and that is close to the coupler
50 at the spacing in a direction perpendicular to the
second direction is greater than a cross-sectional area
of the side that is of the attenuator 60 and that is away
from the coupler 50 at the spacing in the direction per-
pendicular to the second direction, so that an extension
direction of the attenuator 60 is parallel to the extension
direction of the slow-wave transmission line 20. This
helps fully utilize space of the slow-wave structure 100
and implement the miniaturization of the slow-wave
structure 100.

[0096] In a possible implementation, refer to FIG. 2,
FIG. 3, and FIG. 4. The first housing cover 11 includes a
first accommodation cavity 114, a second accommoda-
tion cavity 115, and a third accommodation cavity 116 that
communicate with each other. The first accommodation
cavity 114 is a cavity of the first waveguide 13, and the first
accommodation cavity 114 is for accommodating the
slow-wave transmission line 20 and for electrons to pass
through. The first accommodation cavity 114 may form
the cavity of the first waveguide 13, and the first housing
cover 11 independently forms the first waveguide 13, so
that the slow-wave transmission line 20 is integrated only
with the first housing cover 11. Alternatively, the first
housing cover 11 and the second housing cover 12
may jointly form the cavity of the first waveguide 13
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through enclosing, and the first housing cover 11 and the
second housing cover 12 jointly form the second wave-
guide 33, so that the slow-wave transmission line 20 is
integrated with both the first housing cover 11 and the
second housing cover 12.

[0097] Boththe second accommodation cavity 115and
the third accommodation cavity 116 communicate with
the first accommodation cavity 114, the second accom-
modation cavity 115 forms a cavity of the second wave-
guide 33, the first housing cover 11 forms the second
waveguide 33, the second accommodation cavity 115 is
for accommodating the plurality of first metal portions
311, and the input coaxial cable 32 is located at a junction
between the second accommodation cavity 115 and the
first accommodation cavity 114, so that an end that is of
the input coaxial cable 32 and that is electrically con-
nected to the plurality of first metal portions 311 is located
in the second accommaodation cavity 115, and an end that
is of the input coaxial cable 32 and that is electrically
connected to the slow-wave transmission line 20 is lo-
cated in the first accommodation cavity 114. The third
accommodation cavity 116 forms a cavity of the third
waveguide 43, the first housing cover 11 forms the third
waveguide 43, the third accommodation cavity 116 is for
accommodating the plurality of second metal portions
411, and the output coaxial cable 42 is located at a
junction between the third accommodation cavity 116
and the first accommodation cavity 114, so that an end
thatis of the output coaxial cable 42 and that is electrically
connected to the plurality of second metal portions 411 is
located in the third accommodation cavity 116, and an
end that is of the output coaxial cable 42 and that is
electrically connected to the slow-wave transmission line
20 is located in the first accommodation cavity 114.
[0098] The first housing cover 11 forms the second
waveguide 33 and the third waveguide 43. This helps
implement integration of the input coupler 30 and the
output coupler 40 with the first housing cover 11. When
the first housing cover 11 and the second housing cover
12 are assembled in the stacking direction, the integra-
tion of the input coupler 30 and the output coupler 40 with
the slow-wave structure 100 can be synchronously im-
plemented. This helps implement the assembly of the
input coupler 30 and the output coupler 40 in the stacking
direction, and simplify the manner of disposing the input
coupler 30 and the output coupler 40. In addition, in
comparison with separately disposing a housing cover
structure to form the second waveguide 33 and the third
waveguide 43 and then integrating the second wave-
guide 33 and the third waveguide 43 with the first housing
cover 11, a quantity of structures of the slow-wave struc-
ture 100 is reduced, and the integration of the input
coupler 30 and the output coupler 40 is improved, helping
implement the miniaturization of the slow-wave structure
100.

[0099] In an implementation, refer to FIG. 7. The at-
tenuator 60 is electrically connected to the output coupler
40, and the attenuator 60 electrically connected to the
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output coupler 40 is accommodated in the third accom-
modation cavity 116. This helpsimprove integration of the
attenuator 60 and the output coupler 40.

[0100] In an implementation, refer to FIG. 8. The first
housing cover 11 further includes a fourth accommoda-
tion cavity, the fourth accommodation cavity communi-
cates with the first accommodation cavity 114, the fourth
accommodation cavity forms a cavity of the fourth wa-
veguide, the first housing cover 11 forms the fourth
waveguide, the fourth accommodation cavity is for ac-
commodating the plurality of third metal portions 551 and
the attenuator 60, and the coaxial cable 56 at the spacing
is located at a junction between the fourth accommoda-
tion cavity and the firstaccommodation cavity 114, so that
an end that is of the coaxial cable 56 at the spacing and
that is electrically connected to the plurality of third metal
portions 551 is located in the fourth accommodation
cavity, and an end that is of the coaxial cable 56 at the
spacing and that is electrically connected to the slow-
wave transmission line 20 is located in the first accom-
modation cavity 114.

[0101] The first housing cover 11 forms the fourth
waveguide. This helps implement integration of the cou-
pler 50 and the attenuator 60 at the spacing with the first
housing cover 11. When the first housing cover 11 and the
second housing cover 12 are assembled in the stacking
direction, integration of the coupler 50 at the spacing with
the slow-wave structure 100 can be synchronously im-
plemented, and accommodation space can be provided
for the disposing of the attenuator 60. This helps imple-
ment assembly of the coupler 50 at the spacing and the
attenuator 60 in the stacking direction and simplify a
manner of disposing the coupler 50 at the spacing and
the attenuator 60. In addition, the quantity of structures of
the slow-wave structure 100 is reduced, and integration
of the coupler 50 at the spacing and the attenuator 60 is
improved. This helps implement the miniaturization of the
slow-wave structure 100.

[0102] For example, the fourth accommodation cavity
is located on two sides of the slow-wave transmission line
20 along the second direction, so that the coupler 50 at
the spacing and the attenuator 60 are located on the two
sides of the slow-wave transmission line 20 along the
second direction. This helps fully utilize edge space of the
first housing 10 and implement the miniaturization of the
slow-wave structure 100.

[0103] In a possible implementation, FIG. 10 is a dia-
gram of a structure of a slow-wave structure 100 that has
an energy transmission window and a reflecting member
according to an implementation of this application, and
FIG. 11is an exploded view of a slow-wave structure 100
according to the implementation shown in FIG. 10. The
first housing cover 11 has a first input hole 111 and a first
output hole 112, the firstinput hole 111 and the first output
hole 112 are disposed at a spacing, the input coupler 30 is
fixed to an inner wall of the first input hole 111, and the
output coupler 40 is fixed to an inner wall of the first output
hole 112, sothat atleast part of the input coupler 30 and at
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least part of the output coupler 40 are accommodatedin a
housing layer of the first housing 10. A thickness of the
firsthousing 10 is fully utilized to provide accommodation
space for the input coupler 30 and the output coupler 40.
This improves integration of the input coupler 30 and the
output coupler 40 with the first housing 10, and helps
implement the miniaturization of the slow-wave structure
100.

[0104] Bothapenetrationdirection of the firstinputhole
111 and a penetration direction of the first output hole 112
are angled relative to the first plane 26, so that the
penetration direction of the first input hole 111 and the
penetration direction of the first output hole 112 have
good consistency with the stacking direction, so that at
least one of the input coupler 30 and the output coupler 40
is not coplanar with the first plane 26. In this way, at least
one of the input coupler 30 and the output coupler 40 can
implement integration with another structure in the slow-
wave structure 100 in the stacking direction, and the
manner of disposing the input coupler 30 and/or the
output coupler 40 is simplified.

[0105] The slow-wave structure 100 further includes a
firstenergy transmission window 34 and a second energy
transmission window. The first energy transmission win-
dow 34 seals the first input hole 111, and the second
energy transmission window seals the first output hole
112, so thatthe firstinput hole 111 and the first output hole
112 are sealed, to ensure that the first waveguide 13 is in
a sealed state, and help provide a vacuum environment
for the electron transmission in the first waveguide 13.
The first energy transmission window 34 is located be-
tween the input coupler 30 and an opening of the first
inputhole 111, the second energy transmission window is
located between the output coupler 40 and an opening of
the first output hole 112, and the first energy transmission
window 34 and the second energy transmission window
respectively implement sealing of the first waveguide 13
at the first input hole 111 and the first output hole 112.
[0106] In an implementation, the slow-wave structure
100 further includes an input waveguide interface 35 and
an output waveguide structure. The input waveguide
interface 35 is configured to electrically connect the input
coupler 30 to the input apparatus 203, and the output
waveguide interface 44 is configured to electrically con-
nect the output coupler 40 to the output apparatus 204.
The input waveguide interface 35 is inserted into the first
input hole 111 and is in contact with the first energy
transmission window 34, and the first energy transmis-
sion window 34 is configured to electrically connect the
input coupler 30 to the input waveguide interface 35, so
that an electromagnetic wave at the input apparatus 203
can be transmitted to the input coupler 30 through the first
energy transmission window 34. The output waveguide
interface 44 is inserted into the second output hole 122
and is in contact with the second energy transmission
window, and the second energy transmission window is
configured to electrically connect the output coupler 40 to
the output waveguide, so that an electromagnetic wave
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at the output coupler 40 can be transmitted to the output
apparatus 204 through the second energy transmission
window.

[0107] In an implementation, FIG. 12 is a schematic
perspective view of a structure of an inner wall of a first
input hole 111 and a first energy transmission window 34
according to an implementation of this application, and
FIG. 13 is an exploded view of an inner wall of a firstinput
hole 111 and a first energy transmission window 34
according to the implementation shown in FIG. 12. An
inner wall of at least one of the firstinput hole 111 and the
first output hole 112 has a flange 113. To be specific, both
aninner wall of the firstinput hole 111 and an inner wall of
the first output hole 112 may have flanges 113; oraninner
wall of the firstinput hole 111 may have a flange 113, and
an inner wall of the first output hole 112 may not have a
flange 113; or an inner wall of the first input hole 111 may
not have a flange 113, and an inner wall of the first output
hole 112 may have a flange 113.

[0108] The flange 113 supports and is connected to at
least one of the first energy transmission window 34 and
the second energy transmission window, so that the first
energy transmission window 34 and/or the second en-
ergy transmission window are/is disposed at a more
stable position in the slow-wave structure 100, and it is
ensured that the first energy transmission window 34
seals the first input hole 111 and the second energy
transmission window seals the first output hole 112. This
helps maintain the first waveguide 13 in a sealed state.
[0109] The inner wall of the first input hole 111 may
include at least two flanges 113. The at least two flanges
113 are disposed at a spacing along the first direction, so
that the first energy transmission window 34 is sand-
wiched between the at least two flanges 113. The atleast
two flanges 113 implement position limiting of the first
energy transmission window 34 along the first direction,
and the inner wall of the first input hole 111 implements
position limiting of the first energy transmission window
34 in a direction perpendicular to the first direction. This
helps further improve stability of a position of the first
energy transmission window 34. Similarly, the inner wall
of the first output hole 112 may also include at least two
flanges 113. The at least two flanges 113 are disposed at
a spacing along the first direction, so that the second
energy transmission window is sandwiched between a
plurality of flanges 113, to further improve stability of a
position of the second energy transmission window. The
flange 113 may be disposed around a central axis parallel
to the first direction. The flange 113 may be an annular
flange 113, or may be a plurality of flanges 113 disposed
at a spacing. The plurality of flanges 113 are disposed
around the central axis.

[0110] Referto FIG. 11. The second housing cover 12
has a second input hole 121 and a second output hole
122, and the second input hole 121 and the second
output hole 122 are disposed at a spacing. The firstinput
hole 111 and the second input hole 121 communicate with
each other along the first direction. In other words, an
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orthographic projection of an area enclosed by the inner
wall of the first input hole 111 on an area enclosed by an
inner wall of the second input hole 121 at least partially
overlaps the area enclosed by the inner wall of the
second input hole 121. The first output hole 112 and
the second output hole 122 communicate with each other
along the first direction. In other words, an orthographic
projection of an area enclosed by the inner wall of the first
output hole 112 on an area enclosed by an inner wall of
the second output hole 122 at least partially overlaps the
area enclosed by the inner wall of the second output hole
122.

[0111] The slow-wave structure 100 further includes a
first reflecting member 36 and a second reflecting mem-
ber 45. The first reflecting member 36 seals the second
input hole 121, and the second reflecting member 45
seals the second output hole 122, so that the second
input hole 121 and the second output hole 122 are
sealed, to ensure that the first waveguide 13 is in the
sealed state, and help provide the vacuum environment
for the electron transmission in the first waveguide 13.
The first reflecting member 36 is located between the
input coupler 30 and an opening of the second input hole
121, the second reflecting member 45 is located between
the output coupler 40 and an opening of the second
output hole, and the first reflecting member 36 and the
second reflecting member 45 respectively implement
sealing of the first waveguide 13 at the second input hole
121 and the second output hole 122. The first reflecting
member 36 may be fixed to the inner wall of the second
input hole 121, and the second reflecting member 45 may
be fixed to the inner wall of the second output hole 122, so
that the first reflecting member 36 and the second reflect-
ing member 45 are accommodated in the housing layer of
the second housing 10. The thickness of the second
housing 10 is fully utilized to provide accommodation
space for the first reflecting member 36 and the second
reflecting member 45. This helps implement the minia-
turization of the slow-wave structure 100.

[0112] The first reflecting member 36 is configured to
cause phase cancellation to occur between an electro-
magnetic wave transmitted to and then reflected by the
first reflecting member 36 and an original electromag-
netic wave, and the second reflecting member 45 is
configured to cause phase cancellation to occur between
an electromagnetic wave transmitted to and then re-
flected by the second reflecting member 45 and an
original electromagnetic wave. This helps improve sta-
bility of the electromagnetic wave in a transmission pro-
cess.

[0113] Inanembodiment, referto FIG. 10 and FIG. 11.
One of the first housing cover 11 and the second housing
cover 12 includes a circuit layer 14. The circuit layer 14
may belong to the firsthousing cover 11, or may belong to
the second housing cover 12. The circuit layer 14 is
connected to the other one of the first housing cover 11
and the second housing cover 12 in a stacked manner
along the first direction. The slow-wave transmission line

10

15

20

25

30

35

40

45

50

55

16

EP 4 819 190 A1 30

20 is disposed at the circuit layer 14, and the slow-wave
transmission line 20 is fixed to an inner wall of the housing
10 at the circuit layer 14, so that the slow-wave transmis-
sion line 20 can implement integration with another struc-
ture in the slow-wave structure 100 in the stacking direc-
tion. In this way, a manner of disposing the slow-wave
transmission line 20 is simplified, and assembly of the
slow-wave transmission line 20 is more convenient for
industrial production. In addition, the slow-wave trans-
mission line 20 is integrated with the firsthousing cover 11
or the second housing cover 12. This improves integra-
tion of the slow-wave transmission line 20 with the hous-
ing 10, and helps implement the miniaturization of the
slow-wave structure 100.

[0114] The circuit layer 14 may include an upper tube
housing 142, a slow-wave transmission line layer 141,
and a lower tube housing 143. The slow-wave transmis-
sion line layer 141 is sandwiched between the upper tube
housing 142 and the lower tube housing 143. The slow-
wave transmission line layer 141 has an accommodation
hole of the slow-wave transmission line 20 conducted
along the first direction, the slow-wave transmission line
20 is disposed in the accommodation hole of the slow-
wave transmission line 20, and the upper tube housing
142 and the lower tube housing 143 respectively seal the
accommodation hole of the slow-wave transmission line
20 on two sides of the slow-wave transmission line layer
141 along the first direction, to form the first accommoda-
tion cavity 114.

[0115] In an embodiment, the first housing cover 11
may include a coupling layer 15, the coupling layer 15
may include a first coupling layer 151 and a second
coupling layer 152, the input coupler 30 is disposed at
the first coupling layer 151, and the output coupler 40 is
disposed at the second coupling layer 152. The first
coupling layer 151, the second coupling layer 152, and
the circuit layer 14 may be sequentially connected in a
stacked manner along the first direction, and the first
coupling layer 151 and the second coupling layer 152
may be located on a same plane parallel to the first plane
26. Similarly, the first housing cover 11 may further in-
clude an energy transmission window layer 16. The en-
ergy transmission window layer 16 may include a first
energy transmission window layer 161 and a second
energy transmission window layer 162. The first energy
transmission window 34 is disposed at the first energy
transmission window layer 161, and the second energy
transmission window is disposed at the second energy
transmission window layer 162. The first energy trans-
mission window layer 161, the second energy transmis-
sion window layer 162, the first coupling layer 151, the
second coupling layer 152, and the circuit layer 14 may
be sequentially connected in a stacked manner along the
first direction, and the first energy transmission window
layer 161 and the second energy transmission window
layer 162 may be located on a same plane parallel to the
first plane 26.

[0116] Inanembodiment, the second housing cover 12



31 EP 4 819 190 A1 32

may include a reflecting member layer 17, the reflecting
member layer 17 may include a first reflecting member
layer 171 and a second reflecting member layer 172, the
firstreflecting member 36 is disposed at the first reflecting
member layer 171, and the first reflecting member 36 is
disposed at the second reflecting member layer 172. The
first energy transmission window layer 161, the second
energy transmission window layer 162, the first coupling
layer 151, the second coupling layer 152, the circuit layer
14, the first reflecting member layer 171, and the second
reflecting member layer 172 may be sequentially con-
nected in a stacked manner along the first direction, and
the first reflecting member layer 171 and the second
reflecting member layer 172 may be located on a same
plane parallel to the first plane 26.

[0117] In a possible implementation, refer to FIG. 4.
The slow-wave transmission line 20 is parallel to the first
plane 26, there are at least two slow-wave transmission
lines 20, the at least two slow-wave transmission lines 20
are disposed at a spacing in a stacked manner along the
first direction, and the at least two slow-wave transmis-
sion lines 20 are all configured to transmit electromag-
netic waves. This helps generate electric fields in a same
direction and improve the amplification effect of the slow-
wave structure 100 on the electromagnetic wave.
[0118] In a possible implementation, refer to FIG. 1.
Materials of the slow-wave transmission line 20, the input
coupler 30, the output coupler 40, and the housing 10
include at least one of molybdenum, tungsten, tungsten/-
molybdenum alloy copper, stainless steel, nickel-based
alloy, and copper, so that the materials of the slow-wave
transmission line 20, the input coupler 30, the output
coupler 40, and the housing 10 are all metal.

[0119] The slow-wave structure 100 may use a dielec-
tric-supported rod to support the slow-wave transmission
line 20. Alternatively, a structure of the slow-wave trans-
mission line 20 may be set, so that in a process in which
the metal housing 10 is connected to and supports the
slow-wave transmission line 20, an effect thatis the same
as that of the dielectric-supported rod on the slow-wave
transmission line 20 can be implemented.

[0120] Inanimplementation, refer to FIG. 4. The slow-
wave transmission line 20 includes a transmission main
line 24 and a plurality of stubs 25. The transmission main
line 24 extends along the second direction, and the input
coupler 30 and the output coupler 40 are respectively
electrically connected to two ends of the transmission
main line 24. An end of each of the plurality of stubs 25 is
electrically connected to the transmission main line 24,
and the other end is connected to the inner wall of the
housing 10. The plurality of stubs 25 are disposed at a
spacing along the second direction, and the housing 10
supports the plurality of stubs 25, so that the slow-wave
transmission line 20 is supported by the housing 10.
When the slow-wave transmission line 20 transmits a
high-frequency electromagnetic wave, the high-fre-
quency electromagnetic wave is equivalent to being dis-
connected at the plurality of stubs 25. Consequently, the

10

15

20

25

30

35

40

45

50

55

17

high-frequency electromagnetic wave cannot be trans-
mitted from the plurality of stubs 25 to the housing 10, and
a mode of the slow-wave structure 100 is the TEM mode
or the quasi-TEM mode. In the foregoing disposing man-
ner, the quantity of structures in the slow-wave structure
100 is reduced, so that a material of each structure in the
slow-wave structure 100 is metal. This helps simplify
processing of the slow-wave structure 100 and improve
integration of each structure in the slow-wave structure
100, and helps implement the miniaturization of the slow-
wave structure 100.

[0121] This application further provides a traveling-
wave tube 200. FIG. 14 is a diagram of a structure of a
traveling-wave tube 200 according to an implementation
of this application. The traveling-wave tube 200 includes
an electron gun 201, a collector 202, an input apparatus
203, an output apparatus 204, and the slow-wave struc-
ture 100 according to any one of the foregoing imple-
mentations. Both the electron gun 201 and the collector
202 are fixed to a housing 10 of the slow-wave structure
100. The electron gun 201 is configured to emit electrons
into a first waveguide 13 of the slow-wave structure 100.
The collector 202 is configured to collect the electrons in
the first waveguide 13. The input apparatus 203 is elec-
trically connected to an input coupler 30 of the slow-wave
structure 100, the input apparatus 203 is configured to
send an electromagnetic wave to the input coupler 30, the
output apparatus 204 is electrically connected to an out-
put coupler 40 of the slow-wave structure 100, and the
output coupler 40 is configured to send an amplified
electromagnetic wave to the output apparatus 204.
[0122] Inanembodiment, the electron gun 201 and the
collector 202 are respectively located on two sides of the
slow-wave structure 100 along a second direction (a Y
direction in FIG. 14), and electrons arrive at the collector
202 from the electron gun 201 along the second direction
through the slow-wave structure 100. The input appara-
tus 203 and the output apparatus 204 are respectively
located on two sides of the slow-wave structure 100 along
a third direction (an X direction in FIG. 14).

[0123] Inan embodiment, the traveling-wave tube 200
further includes a focusing system 205. The focusing
system 205 is configured to confine a magnetic field in
the first waveguide 13 of the slow-wave structure 100, so
that an electron beam emitted by the electron gun 201
passes through the slow-wave structure 100 without
interception. This helps improve an amplification effect
of the traveling-wave tube 200 on the electromagnetic
wave.

[0124] Inan embodiment, refer to FIG. 1. The housing
10 has an electron emission hole 117. The electron gun
201 corresponds to the electron emission hole 117, and
emits the electrons from the electron emission hole 117
into the first waveguide 13. The electron gun 201 is
connected to the housing 10, and seals the electron
emission hole 117.

[0125] It may be understood that the traveling-wave
tube 200 in this embodiment has the slow-wave structure



33 EP 4 819 190 A1 34

100 in the foregoing embodiments. Therefore, the travel-
ing-wave tube 200 in this embodiment has all technical
effects of the slow-wave structure 100 in the foregoing
embodiments. Because the technical effects of the slow-
wave structure 100 are fully described in the foregoing
embodiments, details are not described herein again.
[0126] This application further provides a network de-
vice 300. FIG. 15 is a diagram of a system of a network
device 300 according to an implementation of this appli-
cation. The network device 300 includes an antenna 301
and the foregoing traveling-wave tube 200. The antenna
301 is electrically connected to the traveling-wave tube
200, and the antenna 301 is configured to send an
electromagnetic wave amplified by the traveling-wave
tube 200.

[0127] It may be understood that the network device
300 in this embodiment has the traveling-wave tube 200
in the foregoing embodiment. Therefore, the network
device 300 in this embodiment has all technical effects
of the traveling-wave tube 200 in the foregoing embodi-
ment. Because the technical effects of the traveling-wave
tube 200 are fully described in the foregoing embodi-
ment, details are not described herein again.

[0128] The foregoing embodiments are merely in-
tended for describing the technical solutions of this ap-
plication, but not for limiting this application. Although this
application is described in detail with reference to the
foregoing embodiments, a person of ordinary skill in the
art should understand that modifications may still be
made to the technical solutions described in the fore-
going embodiments or equivalent replacements may be
made to part of technical features thereof, without de-
parting from the spiritand scope of the technical solutions
of embodiments of this application, and these modifica-
tions and replacements shall fall within the protection
scope of this application.

Claims
1. A slow-wave structure, comprising:

a housing, comprising a first housing cover and
a second housing cover that are connected in a
stacked manner along a first direction;

a slow-wave transmission line, extending along
a first plane perpendicular to the first direction,
wherein the slow-wave transmission line is fixed
in a first waveguide formed by the first housing
cover and the second housing cover; and

an input coupler and an output coupler, both
electrically connected to the slow-wave trans-
mission line, wherein at least one of the input
coupler and the output coupler is not coplanar
with the first plane.

2. The slow-wave structure according to claim 1,
wherein the input coupler comprises a plurality of
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first metal portions sequentially connected, the out-
put coupler comprises a plurality of second metal
portions sequentially connected, two adjacent first
metal portions or two adjacent second metal portions
form a stepped structure, and at least one of an
arrangement direction of the plurality of first metal
portions and an arrangement direction of the plurality
of second metal portions is angled relative to the first
plane.

The slow-wave structure according to claim 2,
wherein the input coupler further comprises an input
coaxial cable and a second waveguide, the input
coaxial cable is electrically connected to the slow-
wave transmission line and the plurality of first metal
portions, the plurality of first metal portions and at
least part of the input coaxial cable are located in the
second waveguide, and the second waveguide is
configured to couple an electromagnetic wave.

The slow-wave structure according to any one of
claims 1 to 3, further comprising at least one attenua-
tor, wherein the at least one attenuator is electrically
connected to the output coupler or the input coupler,
and the at least one attenuator is configured to
absorb an electromagnetic wave.

The slow-wave structure according to any one of
claims 1 to 4, wherein the slow-wave transmission
line comprises at least two transmission line seg-
ments, two adjacent transmission line segments
among the at least two transmission line segments
are disposed at a spacing, each transmission line
segment is electrically connected to at least one
attenuator, and the transmission line and the at least
one attenuator are electrically connected to a cou-
pler located at the spacing.

The slow-wave structure according to claim 5,
wherein neither the input coupler nor the output
coupler is coplanar with the first plane, and each
coupler at the spacing is coplanar with the first plane.

The slow-wave structure according to either claim 5
or 6, wherein the at least two transmission line seg-
ments are different in at least one of periodicity
quantity and periodicity length.

The slow-wave structure according to any one of
claims 1 to 7, wherein the attenuator is in a wedge
shape.

The slow-wave structure according to any one of
claims 5 to 8, wherein a cross-sectional area of
the attenuator on a side close to the coupler at the
spacing is larger than a cross-sectional area of the
attenuator on a side away from the coupler at the
spacing, and the cross section is perpendicular to a
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direction from the coupler at the spacing to the
attenuator.

The slow-wave structure according to any one of
claims 4 to 9, wherein the attenuator, the input cou-
pler, and the output coupler are all integrated with the
first housing cover.

The slow-wave structure according to any one of
claims 1 to 10, wherein the first housing cover has
a first input hole and a first output hole, the input
coupler is fixed to an inner wall of the first input hole,
and the output coupler is fixed to an inner wall of the
first output hole.

The slow-wave structure according to claim 11,
further comprising a first energy transmission win-
dow and a second energy transmission window,
wherein the first energy transmission window seals
the first input hole, the second energy transmission
window seals the first output hole, the first energy
transmission window is electrically connected to the
input coupler and an input waveguide interface, and
the second energy transmission window is electri-
cally connected to the output coupler and an output
waveguide interface.

The slow-wave structure according to claim 12,
wherein an inner wall of at least one of the first input
hole and the first output hole has a flange, and the
flange supports and is connected to at least one of
the first energy transmission window and the second
energy transmission window.

The slow-wave structure according to any one of
claims 11 to 13, wherein the second housing cover
has a second input hole and a second output hole,
the first input hole and the second input hole com-
municate with each other along the first direction,
and the first output hole and the second output hole
communicate with each other along the first direc-
tion; and the slow-wave structure further comprises a
firstreflecting member and a second reflecting mem-
ber, the first reflecting member seals the second
input hole, and the second reflecting member seals
the second output hole.

The slow-wave structure according to any one of
claims 1 to 14, wherein one of the first housing cover
and the second housing cover comprises a circuit
layer, and the circuit layer is connected to the other
one of the firsthousing cover and the second housing
cover in a stacked manner along the first direction.

The slow-wave structure according to any one of
claims 1 to 15, wherein the slow-wave transmission
line is parallel to the first plane, there are at least two
slow-wave transmission lines, and the at least two
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slow-wave transmission lines are disposed at a spa-
cing in a stacked manner along the first direction.

The slow-wave structure according to any one of
claims 1 to 16, wherein the input coupler and the
output coupler are located on a same side of the
slow-wave transmission line along the first direction.

Atraveling-wave tube, comprising an electron gun, a
collector, a focusing system, an input apparatus, an
output apparatus, and the slow-wave structure ac-
cording to any one of claims 1 to 17, wherein both the
electron gun and the collector are fixed to a housing
of the slow-wave structure, the electron gun is con-
figured to emit electrons into a first waveguide of the
slow-wave structure, the collector is configured to
collectthe electronsin the first waveguide, the focus-
ing system is configured to cause the electrons to
pass through the slow-wave structure, the input ap-
paratus is electrically connected to an input coupler
of the slow-wave structure, the input apparatus is
configured to send an electromagnetic wave to the
input coupler, the output apparatus is electrically
connected to an output coupler of the slow-wave
structure, and the output coupler is configured to
send an amplified electromagnetic wave to the out-
put apparatus.

A network device, comprising an antenna and the
traveling-wave tube according to claim 18, wherein
the antennais electrically connected to the traveling-
wave tube, and the antennais configured to send an
electromagnetic wave amplified by the traveling-
wave tube.
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