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Linkage Mechanism for Phase Shifter Assembly

DESCRIPTION

RELATED APPLICATION

The present application claims priority from and the benefit of Chinese Patent Application
No. 201810464562.X, filed May 16, 2018, the disclosure of which is hereby incorporated

herein in its entirety.

FIELD OF THE INVENTION

The present disclosure generally relates to the field of phase shifters. More specifically,
the present disclosure relates to a linkage mechanism for a phase shifter assembly.
Moreover, the present disclosure also relates to a phase shifter assembly including the

linkage mechanism.

DESCRIPTION OF RELATED ART

A variable difference phase shifter introduces a desired phase shift in RF (radio
frequency) energy distributions between two or more outputs. For example, a variable
differential phase shifter may be used as a component in an electrically variable beam
tilting and/or azimuth scanning angle antenna system of a cellular communication base
station. The desired phase shift is typically obtained by modifying the electrical path
required to reach each output of the phase shifter relative to other outputs. In a common
design method, in order to adjust the electrical path, the transmission line through the
phase shifter includes a conductive arc. The phase shifter further includes a slider that
pivots at the center of the arc to move along the surface of the arc. An RF signal is input

and distributed from the slider to outputs at either end of the conductive arc. The length
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of the electrical path to each output — and hence the phase shift -- depends on the

position of the slider along the conductive arc.

SUMMARY OF THE INVENTION

An object of the present disclosure is to provide a phase shifter assembly and a linkage

mechanism for the phase shifter assembly.

According to an aspect of the present disclosure, a linkage mechanism for a phase shifter

assembly is provided, comprising:

a rotation device including:
a rotation shaft secured to a substrate of the phase shifter assembly; and
a rotation member configured to rotate about the rotating shaft;

a first drive member that is operatively engaged to the rotation member such that rotation

of the rotation member can cause movement of the first drive member;
a second drive member disposed on and moving together with the rotation member; and
a translation device including:

a translation member that is operatively engaged to the second drive member such
that movement of the second drive member can cause movement of the translation

member,

wherein the rotation device and the translation device are configured to move in

association with each other during operation of the phase shifter assembly.

In an embodiment of the linkage mechanism, movement of the translation device with
respect to the first drive member may be adjusted by location of the first drive member

and/or the second drive member with respect to the rotation shaft.

In an embodiment of the linkage mechanism, the rotation member is provided with a

guide, and the first drive member can move along the guide of the rotation member.
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In an embodiment of the linkage mechanism, the translation member is provided with a
guide, and the second drive member can move along the guide of the translation

member.

In an embodiment of the linkage mechanism, the first drive member can be operatively
engaged to the rotation member at different positions of the rotation member so as to
change the proportional relationship between movement of the rotation member and

movement of the first drive member.

In an embodiment of the linkage mechanism, the second drive member can be fixed to
the rotation member at different positions of the rotation member so as to change the
proportional relationship between movement of the rotation member and movement of

the transtation member.

In an embodiment of the linkage mechanism, the linkage mechanism is further provided
with a third drive member disposed on the rotation member and coupled to an external
drive source, wherein the third drive member is configured to drive the rotation member

to rotate about the rotation shatft.

In an embodiment of the linkage mechanism, location of the third drive member relative

to the rotation shaft is adjustable.

In an embodiment of the linkage mechanism, the translation device further includes a

connection member, and the translation member is fixed to the connection member.

In an embodiment of the linkage mechanism, the connection member includes
connection rods arranged parallel to each other and a cross member arranged
substantially perpendicular to the connection rods and connecting the connection rods to

each other.

According to another aspect of the present disclosure, a phase shifter assembly is

provided, comprising:
the linkage mechanism as described above;

a first-stage phase shifter, the first drive member being coupled to the first-stage phase
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shifter to drive the first-stage phase shifter to operate; and

a second-stage phase shifter, the translation member being coupled to the second-stage

phase shifter to drive the second-stage phase shifter to operate.

In an embodiment of the phase shifter assembly, the first-stage phase shifter and the
second-stage phase shifter are disposed on the same printed circuit board and operate in
association with each other by means of the linkage mechanism. The arrangement of the
first-stage phase shifter and the second-stage phase shifter on the same printed circuit
board reduces the required area of the printed circuit board and the costs of the phase

shifter assembly.

In an embodiment of the phase shifter assembly, an output ratio between the first-stage
phase shifter and the second-stage phase shifter can be adjusted by location of the first

drive member and/or the second drive member with respect to the rotation shaft.

In an embodiment of the phase shifter assembly, the first-stage phase shifter is a rotary

phase shifter and the second-stage phase shifter is a sliding phase shifter.

In an embodiment of the phase shifter assembly, the phase shifter assembly includes one

first-stage phase shifter and a plurality of second-stage phase shifters.

In an embodiment of the phase shifter assembly, the phase shifter assembly includes one

first-stage phase shifter and five second-stage phase shifters.

By the phase shifter assembly according to the present disclosure, different types of the
phase shifters can be disposed in the same assembly while allowing them to operate in a
proportional relationship; further, such proportional relationship can be adjusted to

thereby acquire a desired output.

In an embodiment of the phase shifter assembly, the translation device further includes a

connection member, and the translation member is fixed to the connection member.

In an embodiment of the phase shifter assembly, the connection member includes
connection rods arranged parallel to each other and a cross member arranged

substantially perpendicular to the connection rods and connecting the connection rods to
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each other.

In an embodiment of the phase shifter assembly, the phase shifter assembly further
includes a fourth drive member fixed to the second-stage phase shifter, wherein the cross
member is operatively coupled to the fourth drive member so that the translation member
drives the second-stage phase shifter to operate via the connection member, the cross

member and the fourth drive member.

In an embodiment of the phase shifter assembly, the cross member is provided with a

guide, and the fourth drive member can move along the guide of the cross member.

According to a further aspect of the present disclosure, a phase shifter assembly is

provided, comprising:
a printed circuit board;

a first electromechanical phase shifter that is partially implemented on the printed circuit

board, the first electromechanical phase shifter including a first moveable member;

a second electromechanical phase shifter that is partially implemented on the printed
circuit board, the second electromechanical phase shifter including a second moveable

member;

a mechanical linkage mechanism that moves the second moveable member in response

to movement of the first moveable member.

In an embodiment of the phase shifter assembly, the first electromechanical phase shifter
is a rotary phase shifter and the second electromechanical phase shifter is a linearly

sliding phase shifter.

In a case where the above-described translation device is adopted, the translation device
may connect a plurality of the second-stage phase shifters for simultaneous operation,
and thus multiple output signals can be generated by use of the multiple second-stage

phase shifters to meet various application requirements.

BRIEF DESCRIPTION OF THE DRAWINGS
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After reading the embodiments below in combination with the drawings, a plurality of

aspects of the present disclosure will be better understood. In the drawings:

Fig.1 is a perspective view of a phase shifter assembly according to the present

disclosure;

Fig. 2 is a partial perspective view of the phase shifter assembly in Fig. 1 with the linkage

mechanism removed;
Fig. 3 is a top view of the phase shifter assembly of FIG. 1; and

Fig. 4 is another top view of the phase shifter assembly of FIG. 1.

DETAILED DESCRIPTION

The present disclosure will be described as follows with reference to the accompanying
drawings, in which certain embodiments of the present disclosure are shown. However, it
is to be understood that the present disclosure may be embodied in many different forms
and should not be construed as limited to the embodiments that are pictured and
described herein. Rather, these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the invention to those skilled in
the art. It will also be appreciated that the embodiments disclosed herein can be

combined in any way to provide many additional embodiments.

Like numbers refer to like elements throughout. In the figures, the thickness of certain

lines, layers, components, elements or features may be exaggerated for clarity.

The terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting of the invention. Unless otherwise defined, all terms
(including technical and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. It
will be further understood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is consistent with their

meaning in the context of the specification and relevant art and should not be interpreted
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in an idealized or overly formal sense unless expressly so defined herein. Well-known

functions or constructions may not be described in detail for brevity and/or clarity.

[{ 7P I 1

As used herein, the singular forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood
that the terms “comprises” and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of‘one or more other features,
integers, steps, operations, elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations of one or more of the
associated listed items. As used herein, phrases such as “between X and Y” and
‘between about X and Y” should be interpreted to include X and Y. As used herein,
phrases such as “between about X and Y” mean “between about X and about Y.” As used

herein, phrases such as “from about X to Y” mean “from about X to about Y.”

It will be understood that when an element is referred to as being “on”, “attached” to,
“‘connected” to, “coupled” with, “contacting”, etc., another element, it can be directly on,
attached to, connected to, coupled with or contacting the other element or intervening
elements may also be present. In contrast, when an element is referred to as being, for
example, “directly on”, “directly attached” to, “directly connected” to, “directly coupled”
with or “directly contacting” another element, there are no intervening elements present.
It will also be appreciated by those of skill in the art that references to a structure or
featufe that is disposed “adjacent” another feature may have portions that overlap or

underlie the adjacent feature.

" [ Vi 1

Spatially relative terms, such as “under”, “below”, “lower”, “over”, “upper”, “lateral”, “left”,
‘right” and the like, may be used herein for ease of description to describe one element or
feature's relationship to another element(s) or feature(s) as illustrated in the figures. It will
be understood that the spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is inverted, elements described as “under”

or “beneath” other elements or features would then be oriented “over” the other elements
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or features. The device may be otherwise oriented (rotated 90 degrees or at other
orientations) and the descriptors of relative spatial relationships used herein interpreted

accordingly.

Embodiments of the phase shifter assembly according to the present disclosure will be
described in detail below with reference to the accompanying drawings. For ease of
description, the direction along a length of the phase shifter assembly is defined as a
longitudinal direction, the direction along a width of the phase shifter assembly is defined
as a transverse direction, and the direction along a thickness of the phase shifter
assembly is defined as a vertical direction. For example, for the graphical representation
in the drawings, in Figs. 3 and 4, the left-right direction is the longitudinal direction, the
up-down direction is the transverse direction, and the direction perpendicular to the page

is the vertical direction.

Refer to Fig. 1, which shows a perspective view of a phase shifter assembly 1 according
to an embodiment of the present disclosure. The phase shifter assembly 1 includes a
substrate 10 and an overlay 20 that are disposed oppositely and spaced apart from one
another and are secured together by a fastener 11. A PCB 30 is disposed between the

substrate 10 and the overlay 20, and is fixed to the substrate 10.

The phase shifter assembly 1 further includes at least a first-stage phase shifter 100 and
a second-stage phase shifter 200 (see FIG. 2) disposed between the substrate 10 and
the overlay 20. Hereinafter, the first-stage phase shifter is shown as a rotary phase shifter,
and the second-stage phase shifter is shown as a sliding phase shifter; however, this is
merely exemplary and is not limiting, and those skilled in the art can appreciate that the
first-stage phase shifter and the second-stage phase shifter may be any suitable phase
shifter known in the art. Further, the number of the first-stage phase shifters and the
number of second-stage phase shifters is not limited to the number shown in the

following embodiment.

Refer to Fig. 2, which is a partial perspective view of the phase shifter assembly in Fig. 1.
The first-stage phase shifter 100 is a rotary phase shifter including a shaft 101 such as a

pivot pin and a slider support 102 that is rotatable about the shaft 101. A slider (not shown)
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is fixed to an underside of the slider support 102 and contacts the PCB 30. As the slider
support 102 rotates about the shaft 101, the slider slides relative to the PCB 30. The
relative movement between the slider and the PCB 30 can result in a phase change,
whereby a first-stage output signal indicative of the phase change can be generated. In
the embodiment shown in the drawing, one first-stage phase shifter 100 is shown, but
those skilled in the art can appreciate that more than one first-stage phase shifter may be

employed.

The second-stage phase shifter 200 is a sliding phase shifter including a slider support
201. A slider 202 is fixed to the slider support 201 and is in contact with the PCB 30. The
slider support 201 can be translated in the longitudinal direction, causing the slider 202 to
slide relative to the PCB 30. The relative movement between the slider 202 and the PCB
30 can result in a phase change, whereby a second-stage output signal indicative of the
phase change can be generated. In the embodiment shown in the drawing, five
second-stage phase shifters 200 are shown, but those skilled in the art can appreciate

that more or fewer second-stage phase shifters may be employed.

The first-stage phase shifter 100 and the second-stage phase shifter 200 may operate in
coordination with each other. For example, movement of the slider support 102 of the
first-stage phase shifter 100 and movement of the slider support 201 of the second-stage
phase shifter 200 may be associated with each other. Specifically, this can be

implemented by a linkage mechanism 300.

The linkage mechanism 300 has a rotation device 310 including a rotation shaft 311 such
as a pivot pin that is fixed to the substrate 10, and a rotation member 312 that is pivotally
coupled to the rotation shaft 311. In the embodiment as shown in the drawing, the rotation
member 312 can rotate about the rotation shaft 311 in a plane substantially parallel to the

substrate 10 and the PCB 30.

The linkage mechanism 300 further includes a first drive member 320 disposed on the
slider support 102 of the first-stage phase shifter 100, e.g., being fixed to the slider
support 102 or integrated with the slider support 102.
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The first drive member 320 can be operatively coupled to the rotation member 312 such
that rotation of the rotation member 312 about the rotation shaft 311 can cause
movement of the first drive member 320. Movement of the first drive member 320 in turn
causes movement of the slider support 102 of the first-stage phase shifter 100. In the
case where the first-stage phase shifter 100 is the rotary phase shifter, movement of the
first drive member 320 causes the slider support 102 to rotate about the shaft 101 so that
the slider of the first-stage phase shifter 100 slides relative to the PCB 30 to generate a

first-stage output signal indicative of the phase change.

In an embodiment, the rotation member 312 may be provided with a guide 313 for
guiding movement of the first drive member 320 during rotation of the rotation member
312 about the rotation shaft 311. For example, the first drive member 320 can move
along the guide 313 to move together with the rotation member 312 during rotation of the

rotation member 312 about the rotation shaft 311.

In the embodiment shown in Fig. 1, the guide 313 may be in the form of a guide slot, and
in this case the first drive member 320 may be in the form of a guide pin. The guide pin
extends into the guide slot and can slide within the guide slot. When the rotation member
312 rotates about the rotation shaft 311, the first drive member 320 in the form of the
guide pin rotates with the rotation member 312 due to the constraint of the guide slot, and
meanwhile the guide pin can slide along the guide slot so as to adapt to rotation of the

slider support 102 about the shaft 101.

The linkage mechanism 300 includes a second drive member 330 disposed on the
rotation member 312 so that the second drive member 330 can move with the rotation
member 312, that is, the second drive member 330 can rotate about the rotation shaft

311 together with the rotation member 312.

The linkage mechanism 300 further includes a translation device 340 including a
translation member 341 that can be operatively engaged to the second drive member
330 such that movement of the second drive member 330 can cause movement of the
translation member 341. The transiation member 341 may be directly or indirectly

coupled to the slider support 201 of the second-stage phase shifter 200, whereby
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movement of the translation member 341 causes movement of the slider support 201 of
the second-stage phase shifter 200. In the case where the second-stage phase shifter
200 is the sliding phase shifter, movement of the translation member 341 causes the
slider support 201 to move, for example, in the longitudinal direction of the phase shifter
assembly 1, so that the slider 202 of the second-stage phase shifter 200 slides relative to
the PCB 30 to thereby generate a second-stage output signal indicative of the phase

change.

In the case where the second-stage phase shifter 200 is the sliding phase shifter, the
slider support 201 is required to be movable, for example, in the longitudinal direction of
the phase shifter assembly 1. In this instance, the translation member 341 may be
provided with a guide 342 for guiding movement of the second drive member 330 during
rotation of the rotation member 312 about the rotation shaft 311. For example, the second
drive member 330 can move along the guide 342 during rotation of the rotation member
312 about the rotation shaft 311. Thus, as the second drive member 330 moves along the
guide 342 in response to the rotation rﬁember 312 rotating about the rotation shaft 311,
the translation member 341 moves in the longitudinal direction of the phase shifter

assembly 1.

In the embodiment shown in Fig. 1, the guide 342 may be a guide slot, and in this case
the second drive member 330 may be a guide pin. The guide pin extends into the guide
slot and can slide within the guide slot. When the rotation member 312 rotates about the
rotation shaft 311, the second drive member 330 rotates with the rotation member 312. At
the same time, owing to constraint of the guide slot, the guide pin can slide along the
guide slot, whereby the translation member 341 can be moved in the longitudinal

direction of the phase shifter assembly 1.

The linkage mechanism 300 may include a third drive member 350 disposed on the
rotation member 312 and operatively coupled to an external drive source (not shown)
which drives the third drive member 350 to thereby cause the rotation member 312 to

rotate about the rotation shaft 311.

The third drive member 350 may be coupled with the external drive source by various
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means. For example, the external drive source may be provided with a drive shaft which
is connected with the third drive member 350 to drive the third drive member 350. The
third drive member 350 may be in the form of a guide pin, and correspondingly, the drive
shaft is provided with a guide which may be in the form of a guide slot, and the guide pin
is disposed in the guide slot and can move along the guide slot. In this way, the drive
shaft may be arranged to perform translational movement, for example, in the
longitudinal direction. With the above-described arrangement, the translational
movement of the drive shaft can still drive the third drive member 350 to carry out
rotational movement about the rotation shaft 311, which in turn causes the rotation

member 312 to rotate about the rotation shaft 311.

As a non-limiting example, a plurality of the second-stage phase shifters 200 are shown
in the embodiment shown in the figure. For this purpose, the translation device 340 may
be configured to allow the plurality of the second-stage phase shifters 200 to move

simultaneously.

Specifically, the translation device 340 may further include a connection member 343 that
may be fixed to the translation member 341 and coupled to the slider support 201 of the
second-stage phase shifter 200 so that the connection member 343 can move with the
translation member 341, and whereby the slider support 201 of the second-stage phase
shifter 200 can perform a translational movement relative to the slider 202 in the

longitudinal direction of the phase shifter assembly 1.

Further, in an embodiment, the connection member 343 may include a plurality of
connection rods 344 arranged parallel to each other and a cross member 345 arranged
substantially perpendicular to the connection rods 344 and connecting the connection
rods 344 to each other. The connection rods 344 may extend substantially in the
longitudinal direction, and correspondingly the cross member 345 exfends substantially
in the transverse direction. The cross member 345 is operatively coupled to the slider
support 201 of the second-stage phase shifter 200, whereby the cross member 345
causes movement of the slider support 201 of the second-stage phase shifter 200

relative to the slider 202. As a non-limiting example, the slider support 201 may be
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provided with a fourth drive member which may be in the form of a guide pin 203, and the
cross member 345 is coupled to the guide pin 203 to drive the guide pin 203 to perform

translational movement in the longitudinal direction of the phase shifter assembly 1.

In order to accommodate the manufacturing tolerances of the phase shifter and avoid
interference, the cross member 345 may be provided with a guide 346 which may be in
the form of a guide slot. In this case, the guide pin 203 extends into the guide slot and
can slide within the guide slot, to ensure translational movement of the guide pin 203 in

the longitudinal direction of the phase shifter assembly 1.

In order to further ensure translational movement of the translation device 340 in the
longitudinal direction of the phase shifter assembly 1, a constraint device 360 may be
provided. The constraint device 360 is configured to allow the translation device 340 to
move only in the longitudinal direction, while limiting movement of the translation device
340 in other directions. For example, the constraint device 360 may be in the form of a
longitudinal rail, along which the translation device 340 slides. To be understood, those
skilled in the art can anticipate that the constraint device 360 may be in any other suitable
forms so far as the translation device 340 can be constrained as to perform translational

movement in the longitudinal direction of the phase shifter assembly 1.

As a non-limiting example, in the embodiment as shown in the drawings, the constraint
device 360 includes a guide element 361 that is fixed to the substrate 10. The connection
rod 344 is coupled to the guide element 361 and can slide along and with respect to the
guide element 361 in the longitudinal direction. Under the constraints of the guide
element 361, the connection rod 344, the cross member 345 and the translation member
341 all perform translational movement in the longitudinal direction of the phase shifter

assembly 1 without any movement in other directions.

In the embodiment shown in the drawings, four guide elements 361 are provided,;
however, those skilled in the art can appreciate that the number and position of the guide
elements 361 are not limited to the forms as shown in the drawings but can be selected

as actually required.
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As can be seen from the above description, by means of the linkage mechanism 300, the
first-stage phase shifter 100 and the second-stage phase shifter 200 in the phase shifter
assembly 1 can be applied to the same PCB, i.e., the first-stage phase shifter 100 and
the second-stage phase shifter 200 may be arranged on the same PCB. During operation
of the phase shifter assembly 1, the first-stage phase shifter 100 and the second-stage
phase shifter 200 may operate in association with each other by means of the linkage
mechanism 300 through associated movement of the rotation device 310 and the

translation device 340.

Specifically, as shown in Figs. 3 and 4, the external drive source drives the third drive
member 350, thereby causing the rotation member 312 to rotate about the rotation shaft
311. While the rotation member 312 is rotating about the rotation shaft 311, the first drive
member 320 and the second drive member 330 are driven to rotate about the rotation
shaft 311. Rotation of the first drive member 320 about the rotation shaft 311 drives the
slider support 102 of the first-stage phase shifter 100 to rotate about the shaft 101,
thereby generating a first-stage output signal that has a desired phase shift. Rotation of
the second drive member 330 about the rotation shaft 311 drives the translation device
340 to perform translational movement in the longitudinal direction of the phase shifter
assembly 1, thereby driving the slider supports 201 of the second-stage phase shifters
200 to move in the longitudinal direction, and this in turn generates second-stage output

sighals that have desired relative phase shifts.

Since the rotation device 310 and the translation device 340 move in association with
each other and thus the first-stage phase shifter 100 and the second-stage phase shifter
200 operate in association with each other, the first-stage output signal generated by the
first-stage phase shifter 100 and the second-stage output signal generated by the
second-stage phase shifter 200 are associated with each other. The linkage mechanism
300 of the present disclosure may be configured to adjust the relationship between the
first-stage output signal generated by the first-stage phase shifter 100 and the

second-stage output signal generated by the second-stage phase shifter 200.

When location of the first drive member 320 with respect to the rotation shaft 311
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changes, movement of the first drive member 320 changes accordingly. For example, in
the case where the rotation member 312 performs the same movement, when the
distance of the first drive member 320 from the rotation shaft 311 is relatively long, the
distance the first drive member 320 moves is relatively long, whereas when the distance
of the first drive member 320 from the rotation shaft 311 is relatively short, the distance
the first drive member 320 moves is relatively short. When location of the second drive
member 330 with respect to the rotation shaft 311 changes, movement of the second
drive member 330 changes accordingly, and accordingly movement of the translation
device 310 changes as well. For example, in the case where the rotation member 312
performs the same moverhent, when the distance of the second drive member 330 from
the rotation shaft 311 is relatively long, the distance the second drive member 330 moves
is relatively long, such that the translation device 310 moves a relatively long distance,
whereas when the distance of the second drive member 330 from the rotation shaft 311 is
relatively short, the distance the second drive member 330 moves is relatively short, such
that the translation device 310 moves a relatively short distance. Therefore, when
location of the first drive member 320 and/or the second drive member 330 with respect
to the rotation shaft 311 changes, movement of the translation device 310 with respect to
the first drive member 320 changes. In this case, the relationship between the first-stage
output signal generated by the first-stage phase shifter 100 and the second-stage output
signal generated by the second-stage phase shifter 200 may be adjusted by adjusting the
location of the first drive member 320 and/or the second drive member 330 with respect

to the rotation shaft 311.

The first drive member 320 may be operatively engaged to the rotation member 312 at
different distances from the rotation shaft in order to change the proportional relationship
between movement of the rotation member 312 and movement of the first drive member
320. Similarly, the second drive member 330 can be fixed to the rotation member 312 at
different distances from the rotation shaft in order to change the proportional relationship
between movement of the rotation member 312 and movement of the translation member
341. Therefore, by adjusting the locations of the first drive member 320 and/or the

second drive member 330 on the rotation member 312, it is possible to change the
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proportional relationship between movement of the first drive member 320 and
movement of the translation member 341, and further adjust the relationship between the
first-stage output signal generated by the first-stage phase shifter 100 and the
second-stage output signal generated by the second-stage phase shifter 200, that is,
adjusting the output ratio between the first-stage phase shifter 100 and the second-stage

phase shifter 200.

In an embodiment, location of the third drive member 350 with respect to the rotation
shaft 311 is also adjustable so that, in the case of the same external drive source, the
range of movement of the slider support 102 of the first-stage phase shifter 100 and the

slider support 201 of the second-stage phase shifter 200 can be adjusted.

The foregoing is illustrative of the present disclosure and is not to be construed as limiting
thereof. Although exemplary embodiments of this invention have been described, those
skilled in the art should readily appreciate that many variations and modifications are
possibie in the exemplary embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such variations and
modifications are intended to be included within the scope of this invention as defined in
the claims. The invention is defined by the following claims, with equivalents of the claims

to be included therein.
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CLAIMS

1. Alinkage mechanism for a phase shifter assembly, comprising:

a rotation device including:
a rotation shaft fixed to a substrate of the phase shifter assembly; and
a rotation member configured to rotate about the rotation shaft;

a first drive member that is operatively engaged to the rotation member such that rotation

of the rotation member causes movement of the first drive member:

a second drive member disposed on and moving together with the rotation member;

and
a translation device including:

a translation member that is operatively engaged to the second drive member such

that movement of the second drive member causes movement of the translation member,

wherein the rotation device and the translation device are configured to move in

association with each other during operation of the phase shifter assembly.

2. The linkage mechanism according to claim 1, wherein movement of the translation
device with respect to the first drive member can be adjusted by adjusting a location of

the first drive member and/or the second drive member with respect to the rotation shaft.

3. The linkage mechanism according to any one of the preceding claims, wherein the

rotation member is provided with a guide, along which the first drive member can move.

4. The linkage mechanism according to any one of the preceding claims, wherein the

translation member is provided with a guide, along which the second drive member can
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move.

5. The linkage mechanism according to any one of the preceding claims, wherein the first
drive member is configured to be operatively engaged to the rotation member at different
positions along the rotation member so as to change the proportional relationship

between movement of the rotation member and movement of the first drive member.

6. The linkage mechanism according to any one of the preceding claims, wherein the
second drive member is configured to be fixed to the rotation member at different
positions along the rotation member so as to change the proportional relationship

between movement of the rotation member and movement of the translation member.

7. The linkage mechanism according to any one of the preceding claims, wherein the
linkage mechanism is further provided with a third drive member disposed on the rotation
member and coupled to an external drive source, wherein the third drive member is

configured to drive the rotation member to rotate about the rotation shaft.

8. The linkage mechanism according to claim 7, wherein location of the third drive

member relative to the rotation shaft is adjustable.

9. The linkage mechanism according to any one of the preceding claims, wherein the
translation device further includes a connection member, the translation member being

fixed to the connection member.

10. The linkage mechanism according to claim 9, wherein the connection member
includes connection rods arranged in parallel to each other and a cross member
arranged substantially perpendicular to the connection rods and connecting the

connection rods to each other.
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11. A phase shifter assembly, comprising:
the linkage mechanism according to any one of the preceding claims 1 to 8;

a first-stage phase shifter, the first drive member being coupled to the first-stage phase

shifter; and

a second-stage phase shifter, the translation member being coupled to the second-stage

phase shifter.

12. The phase shifter assembly according to claim 11, wherein a portion of the first-stage
phase shifter and a portion of the second-stage phase shifter are disposed on the same
printed circuit board and operate in association with each other by means of the linkage

mechanism.

13. The phase shifter assembly according to claim 11 or 12, wherein an output ratio
between the first-stage phase shifter and the second-stage phase shifter can be adjusted
by adjusting a location of the first drive member and/or a location of the second drive

member with respect to the rotation shaft.

14. The phase shifter assembly according to any one of the preceding claims 11 to 13,
wherein the first-stage phase shifter is a rotary phase shifter and the second-stage phase

shifter is a sliding phase shifter.

15. The phase shifter assembly according to any one of the preceding claims 11 to 14,
wherein the phase shifter assembly includes one first-stage phase shifter and a plurality

of second-stage phase shifters.

16. The phase shifter assembly according to any one of the preceding claims 11 to 14,

wherein the phase shifter assembly includes one first-stage phase shifter and five
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second-stage phase shifters.

17. The phase shifter assembly according to any one of the preceding claims 11 to 16,
wherein the translation device further includes a connection member, the translation

member being fixed to the connection member.

18. The phase shifter assembly according to claim 17, wherein the connection member
includes connection rods arranged in parallel to each other and a cross member
arranged substantially perpendicular to the connection rods and connecting the

connection rods to each other.

19. The phase shifter assembly according to claim 18, wherein the phase shifter
assembly further includes a fourth drive member fixed to the second-stage phase shifter,
wherein the cross member is operatively coupled to the fourth drive member so that the
translation member drives the second-stage phase shifter to operate via the connection

member, the cross member and the fourth drive member.

20. The phase shifter assembly according to claim 19, wherein the cross member is
provided with a guide, and the fourth drive member can move along the guide of the

cross member.
21. A phase shifter assembly, comprising:
a printed circuit board;

a first electromechanical phase shifter that is partially implemented on the printed

circuit board, the first electromechanical phase shifter including a first moveable member;

a second electromechanical phase shifter that is partially implemented on the printed

circuit board, the second electromechanical phase shifter including a second moveable
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member;

a mechanical linkage mechanism that moves the second moveable member in

response to movement of the first moveable member.

22. The phase shifter assembly of claim 21, wherein the first electromechanical phase
shifter is a rotary phase shifter and the second electromechanical phase shifter is a

linearly sliding phase shifter.
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