MEMS Structure-Based Adjustable Capacitor

Technical Field

The present disclosure belongs to the technical field of capacitor devices, and in particular, to a

Micro-Electro-Mechanical System (MEMS) structure-based adjustable capacitor.

Background

In conventional radio frequency circuit applications, it is often required to enable a radio
frequency circuit to work at different working frequency bands. When the radio frequency circuit
works at different frequency bands, a capacitance value of a matching circuit corresponding to the
radio frequency circuit needs to be adjusted correspondingly, so as to obtain an optimal radio
frequency performance. Therefore, in order to enable the radio frequency circuit to work at different
frequency bands, parameter values of a matching capacitor in the radio frequency circuit need to be
adjusted. In this type of radio frequency circuits, using an adjustable capacitor is the most suitable
design scheme. Currently, there are four methods for achieving the adjustable capacitor. A first
method is to achieve the adjustment of a capacitor by using a varactor diode, and the adjustment of
a capacitance value of the varactor diode can be achieved by adjusting a bias voltage value of the
varactor diode. However, a problem of using the varactor diode is that the varactor diode has a
relatively low voltage withstand value, and thus can only be applied in a low-power radio frequency
circuit, which cannot meet the requirements of high power and high voltage withstand in a radio
frequency high power amplifier. A second solution for achieving the adjustable capacitor is to use a
mechanical variable capacitor, in which the capacitance value of the mechanical variable capacitor
is adjusted by adjusting mechanical sizes of an upper plate and a lower plate of the capacitor or
adjusting spacing between the upper plate and the lower plate. However, the adjustable capacitor
solution achieved by using a pure mechanical structure has disadvantages such as large volume of
the adjustable capacitor, limited adjustable step and adjustable range of the capacitor, and that
real-time adjustment cannot be achieved. A third solution for achieving the adjustable capacitor is to
use multiple groups of capacitors connected in series or in parallel, and connect radio frequency
switches between series-connected lines and parallel-connected lines, so as to achieve different
combinations of the capacitors connected in series or in parallel by controlling the on/off of the
radio frequency switches. The disadvantages of the third solution are that as the adjustable capacitor
needs to have a high voltage withstand value and a high current withstand value, the corresponding
switches also need to have large power, the corresponding cost of the switches is relatively high,

and the switches may bring about additional losses, thereby affecting the efficiency. In addition, in
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the third solution, the adjustable range and adjustable step are fixed and cannot be changed, or at
least cannot be arbitrarily changed and adjusted. A fourth solution is to use a dielectric switch-type
MEMS capacitor. Generally, a contact arm is located at one end of the capacitor, and when the
circuit is applied with a relatively high direct current bias, an electrostatic attraction force will be
generated between the contact arm and the other end of the capacitor, which brings about
difficulties to the turning on of the switch capacitor. Moreover, due to bending and deformation of a
contact, the capacitance is relatively decreased when the capacitor is turned off. With regard to the
described various problems existing in the adjustable capacitor, developing an adjustable capacitor
which has an arbitrarily-adjustable capacitance value and step, and has a high Q value, high voltage

withstand value, small volume and low cost is a subject worthy of in-depth study.

Summary

With regard to the defects of an existing adjustable capacitor, some embodiments of the present
disclosure provide an adjustable capacitor with a high Q value, high voltage resistant value, small

volume and low cost.

The adjustable capacitor of some embodiments of the present disclosure comprises a lower
plate A, a movable plate B, an upper plate C, a fixed apparatus D and one or more connecting
conductors E; wherein the lower end of the fixed apparatus D is fixedly connected to the lower plate
A, the upper end of the fixed apparatus D is fixedly connected to the upper plate C, the movable
plate B is provided with a structure B4 which is able to move freely in parallel in cooperation with
the fixed apparatus D, the movable plate B is mounted on the fixed apparatus D by means of the

structure B4, and is able to move up and down along the fixed apparatus D;

the lower plate A is provided with a lower electrode Al, and the movable plate B is provided

with a movable electrode B1 and adjustment electrodes B2;

the lower electrode Al and the movable electrode B1 form a unit capacitor, and the lower

electrode Al and the movable electrode B1 are isolated by means of a dielectric;

the upper plate C is provided with an upper electrode C1 and adjustment electrodes C2; two
ends of each of the one or more connecting conductors E are respectively electrically connected to

the upper electrode C1 and the movable electrode B1;

the adjustment electrodes C2 and the adjustment electrodes B2 constitute adjustment units, and
the adjustment electrodes C2 and the adjustment electrodes B2 are isolated by means of a dielectric;

and



in a working state, the lower electrode Al is constantly applied with a working voltage, the
working voltage generates an electrostatic attraction force on the movable electrode B1, and an
electrostatic attraction force of the adjustment units C2 on the adjustment electrodes B2 is adjusted
by controlling an adjustable voltage applied to the adjustment electrodes C2, or by adjusting areas,
spacings and/or materials of the adjustment units C2, so that a magnitude relationship between the
attraction force of the lower electrode Al on the movable plate and the attraction force of the
adjustment electrodes C2 on the movable plate B changes, thereby enabling the movable plate B to
move up and down along the fixed apparatus D to adjust a capacitance value of the MEMS

structure-based adjustable capacitor.

In some exemplary embodiments, the lower electrode Al and the movable electrode B1 form a
unit capacitor, and the lower electrode Al is provided with one or more dielectric layers A2 for

isolating the lower electrode Al from the movable electrode B1.

In some exemplary embodiments, the adjustment electrodes C2 and the adjustment electrodes
B2 constitute adjustment units, the adjustment electrodes C2 are provided with dielectric layers C3
for isolating the adjustment electrodes C2 from the adjustment electrodes B2, the adjustment
electrodes C2 do not overlap with the movable electrode B1 and the lower electrode Al, and the

adjustment electrodes B2 do not overlap with the upper electrode C1 and the lower electrode Al.

In some exemplary embodiments, the lower plate A is made of a dielectric material, a metal
conductor covered or embedded on the surface of the dielectric material of the lower plate A forms
the lower electrode Al, one or more dielectric material layers A2 are provided on the surface of the
lower electrode Al, for isolating the electrode Al from the movable electrode B2, and also for

adjusting the capacitance value and a Q value of the MEMS structure-based adjustable capacitor.

In some exemplary embodiments, the movable plate B is made of a dielectric material, a
structure B4 which is able to move freely in parallel in cooperation with the fixed apparatus is
provided in the middle of the movable plate B, and the movable plate is sleeved on the fixed
apparatus D by means of B4; and metal conductors covered or embedded on the surface of the
dielectric material of the movable plate B form the movable electrode B1 and the adjustment
electrodes B2, the adjustment electrodes B2 are distributed on the periphery of the movable
electrode B1, the adjustment electrodes and the movable electrode are isolated from one another by
means of a dielectric, the movable electrode B1 has the same shape as the lower electrode Al and
the upper electrode C1, and is aligned with the lower electrode Al and the upper electrode C1 on a
vertical plane, and the adjustment electrodes B2 and the adjustment electrodes C2 have the same

shape, and are aligned on the vertical plane.



In some exemplary embodiments, the upper plate C is made of a dielectric material, a metal
conductor covered or embedded on the surface of the dielectric material of the upper plate C forms
the upper electrode C1, metal conductors covered or embedded on the surfaces of the dielectric
material at the periphery of the upper electrode C1 form the adjustment electrodes C2, the upper
electrode C1 and the adjustment electrodes C2 are isolated from one another by means of the
dielectric material, dielectric layers C3 are provided on the surfaces of the adjustment electrodes C2,
the upper plate C is provided with a control layer C4, each of the adjustment electrodes C2 is
connected to one end of a switch in a control layer C4, and the other end of the switch in the control

layer C4 is connected to an adjustable voltage pin of the adjustable unit capacitor.

In some exemplary embodiments, the fixed apparatus D has one end fixed to the upper
electrode C1 of the upper plate C, and the other end fixed to the lower electrode Al of the lower
plate A, and is used for supporting the upper plate C and the lower plate A and maintaining the
upper plate and the lower plate parallel, and a fixing method of the fixed apparatus D comprises but

is not limited to welding, pressing or bonding.

In some exemplary embodiments, the one or more connecting conductors E consist of 1 to M
connecting conductors; 1 to M slots are correspondingly provided on the upper surface of the
movable electrode B1, and 1 to M slots are correspondingly provided on the lower surface of the
upper electrode C1; one end of each of the 1 to M connecting conductors is electrically connected to
a corresponding slot of the 1 to M slots on the lower surface of the upper electrode C1, and the
other end of each of the 1 to M connecting conductors is electrically connected to a corresponding
slot of the 1 to M slots on the upper surface of the movable electrode B1; and the 1 to M connecting
conductors have equal lengths, so that the movable plate is kept parallel to the upper plate and the

lower plate in a natural state.

In some exemplary embodiments, the one or more connecting wire conductors E are not
short-circuited to the adjustment electrodes C2 and the adjustment electrodes B2 in a static state or a
moving state; and the one or more connecting wire conductors E have extension and retraction
performances with extending forces and elastic forces remaining unchanged, and have sizes which
are able to satisfy that the movable plate B is able to be in close contact with the upper plate C when
being compressed, and is able to be in close contact with the lower plate A when being extended

downwards.

In some exemplary embodiments, the one or more connecting wire conductors E, the lower
electrode Al, the movable electrode B1, the adjustment electrodes B2, the upper electrode C1, and

the adjustment electrodes C2 are made of metal materials, and substrate materials of the upper plate



A, the movable plate B and the lower plate C are dielectric materials.

In some exemplary embodiments, an electrostatic attraction force Fx is generated on the
movable electrode B1 by the lower electrode Al after the lower electrode Al is applied with a
working voltage, and an electrostatic attraction force Fs generated on the adjustment electrodes B2
by the adjustment electrodes C2 after the adjustment electrodes C2 are applied with an adjustable
voltage, and in a case where Fs is smaller than Fx, the movable plate B moves towards and finally
gets close to the lower plate A, and at this time, the capacitance value of the adjustable unit
capacitor reaches the maximum; in a case where Fs is greater than Fx, the movable plate B moves
towards and finally gets close to the upper plate C, and at this time, the capacitance value of the
adjustable unit capacitor reaches the minimum; and in a case where the adjustable voltage applied
to the adjustment electrodes C2 is zero and the working voltage applied to the lower electrode Al is
not zero, the movable plate B moves towards the lower plate A, to keep the adjustable unit capacitor

in a state of a maximum capacitance value.

In some exemplary embodiments, the unit capacitor and the adjustment units form an
adjustable unit capacitor by means of the movable plate B, the lower electrode Al of the adjustable
unit capacitor is connected to a working voltage pin, the upper electrode C1 is connected to a
grounding pin, each of the adjustment electrodes C2 is connected to one end of a switch on a
control layer C4 by means of a metal via hole, and the other end of the switch in the control layer
C4 is connected to an adjustable voltage pin; and a switch data transceiving bus is connected to a
control pin, and a processor controls the on/off of the switch and the voltage on the adjustable
voltage pin by means of the switch data transceiving bus, so as to control the movement of the
movable electrode in the adjustable unit capacitor, thereby changing the capacitance value of the

adjustable unit capacitor.

In some exemplary embodiments, the upper plate and the lower plate are packaged by using a
non-metallic material, two pins of a combined capacitor are led out, and ground is marked, the
control pin is located at a vacated position of a capacitor pin or a gap position in a grounding pin,
and finally packaging and sealing are performed; or the upper plate C and the lower plate A serve as
a part of device packaging, and are externally added with a packaging material to achieve packaging

of the MEMS structure-based adjustable capacitor.

In some exemplary embodiments, by setting parameters of the shape and thickness of the one
or more dielectric material layers A2 covering the lower electrode Al, two paths of signals are
enabled to have equal amplitudes and opposite phases, so that the two paths of signals are able to

cancel each other or resonance generated after a radio frequency signal is applied is prevented.



In some exemplary embodiments, N adjustable unit capacitors constitute a combined capacitor.

In some exemplary embodiments, a composition manner of the combined capacitor is that N
adjustable unit capacitors are superposed longitudinally to form the combined capacitor, wherein
the lower electrode Al of each unit capacitor is connected to a working voltage pin of the combined
capacitor by means of a lead-out wire, and the upper electrode C1 is connected to a grounding pin
by means of a lead-out wire, each of the adjustment electrodes C2 is connected to one end of a
switch of the unit capacitor where the adjustment electrodes C2 are located, the other end of the
switch is led out to a corresponding one of N adjustable voltage control pins of the combined
capacitor, N lower electrodes are connected to a working voltage pin, and N upper electrodes are

connected to the ground.

In some exemplary embodiments, a second composition manner of the combined capacitor is
that: in the combined capacitor, N upper electrodes are distributed on one upper plate, and are
connected to a grounding pin of the combined capacitor by means of leads, N lower electrodes are
distributed on one lower plate, and are connected to a working voltage pin of the combined
capacitor by means of leads; and each of N adjustment electrodes C21 to C2N are connected to one
end of a corresponding one of N switches distributed on a control layer C4 through metal via holes,
the other end of each of the N switches is connected to a corresponding one of N adjustable voltage
control pins of the combined capacitor, and all the leads do not overlap with the upper electrode C1,

the movable electrode B1 and the lower electrode Al.

In some exemplary embodiments, a third composition manner of the combined capacitor is that
M combined capacitors are first laterally expanded according to the manner of claim 17, and then N
of the M combinations are longitudinally expanded according to the manner of claim 16 to form the

combined capacitor.

In some exemplary embodiments, a bus controller of each of N switches of a control layer in
the combined capacitor is connected to a control bus, each of the N switches connected to the bus is
allocated with an address, a bus control protocol is used for specifically identifying each switch by
means of the address, and an external or internal main controller controls the on/off of each switch
by means of the address; the bus is connected to a corresponding bus control pin outside a package
of the MEMS structure-based adjustable capacitor by means of a corresponding conductive wire,
the conductive wire does not overlap with the upper electrode of an upper plate electrode layer, the
movable electrode of the movable plate and the lower electrode of a lower plate electrode layer, and
an external processor controls the on/off of the N switches according to the address of each switch,

so as to achieve step adjustment of the combined capacitor and arbitrary adjustment of the



capacitance value of the combined capacitor; wherein an internal controller is connected to an
external controller by means of the bus, so as to transfer a magnitude of a required capacitance

value of the MEMS structure-based adjustable capacitor.

In some exemplary embodiments, a usage mode of N adjustable unit capacitors in the
combined capacitor is: a working mode during initial use or reset use is: sequentially controlling, by
a controller, a switch matrix so that an adjustable voltage is applied or not applied to adjustment
electrodes on an upper plate of each adjustable unit capacitor, and a working voltage is applied or
not applied to a lower electrode of each lower plate, such that a capacitance value of each of the N
adjustable unit capacitors in the combined capacitor is a minimum value or a maximum value, to

complete initial set or reset;

after power on, in a case where the capacitance value of the combined capacitor reaches the
minimum, applying a working voltage to all the lower electrodes of the combined capacitor, and
adjusting the total capacitance value of the combined capacitor to a desired capacitance value by
adjusting the controller to control on/off of switches of the switch matrix and adjusting or not
adjusting a magnitude of the adjustable voltage, while maintaining states of all switches of the

switch matrix and storing the states of all switches of the switch matrix;

after power on, in a case where the capacitance value of the combined capacitor reaches the
maximum, by controlling to apply an adjustable voltage to all adjustment electrodes of the
combined capacitor and to apply a working voltage to all the lower electrodes, controlling on/off of
switches of the switch matrix and adjusting or not adjusting a magnitude of the adjustable voltage,
thereby adjusting the total capacitance value of the combined capacitor to a desired capacitance
value, while maintaining states of all switches of the switch matrix, and storing the states of all

switches of the switch matrix;

in a case where the combined capacitor has been adjusted to a desired capacitance value, after
power on again, by recalling the states of the switches of the switch matrix from a main controller,
adjusting the switch matrix to an on/off state of the switch matrix of the desired capacitance value
of the combined capacitor, and then applying the working voltage of the lower electrodes and the
adjustable voltage of the adjustment electrodes, thereby achieving the desired capacitance value of
the combined capacitor, wherein after achieving the desired capacitance value, the capacitance
value of the combined capacitor is able to be further adjusted to a new capacitance value by

controlling on/off of corresponding switches in the switch matrix by the controller; and

in a case where adjustment or change of a power on sequence and the capacitance value of the
adjustable unit capacitor, and the initial capacitance value have an effect on use of a circuit,
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designing a protection measure in the circuit applying the combined capacitor, for example,
enabling the circuit to be in a working state after adjusting the capacitance value of the adjustable

capacitor to the required capacitance value.

In some exemplary embodiments, a package housing of the combined capacitor packages the
N adjustable capacitors in a sealed space, and an external working voltage pin, a grounding pin,
adjustable voltage pins and a control pin of the combined capacitor are respectively connected to
the lower electrodes, the upper electrodes, the adjustment electrodes and control switches on the
upper plate and the lower plate through leads and via holes, so as to achieve packaging of the N
adjustable capacitors.

In some exemplary embodiments, a material coating is welded on the surfaces of a power
supply pin, the grounding pin and the control pin, and the package housing is of a non-metallic

material.

In some exemplary embodiments, each adjustable unit capacitor in the combined capacitor is
able to be individually adjusted, and a plurality of capacitors is able to be adjusted in any
combination, so as to achieve a plurality of step adjustments of the combined capacitor, and a
exemplary implementation is that an internal or external processor controls on/off of N radio
frequency switches in a control layer C4, so as to adjust the capacitance values of the N adjustable

capacitors, thereby adjusting the capacitance value of the combined capacitor.

The beneficial effects of the embodiments of the present disclosure are: the MEMS
structure-based adjustable capacitor provided in the embodiments of the present disclosure not only
has a high Q value, but also has high voltage withstand and current withstand capabilities. By
means of packaging a plurality of unit capacitors in a package, the continuous and step adjustment
of the capacitance value of a combined capacitor can be achieved. The capacitance value of the
MEMS structure-based adjustable capacitor can be programmable and adjustable by means of an
external or internal processor, having good application environment adaptability. The adjustment
electrodes are movable electrodes with fixed potential states, thereby avoiding the effect of
direct-current bias of a radio frequency circuit at two ends of a variable capacitor on the movement
of a switch arm. Different from a conventional variable capacitor, the movable electrode moves
horizontally up and down, and the electrode itself has no deformation, which can reduce parasitic
capacitance and has a higher capacitance change linearity. The adjustment electrodes are constantly
in an electric field blocking state, reducing the effect of external mechanical vibration. A
semiconductor is welded with a dielectric material by using a low-temperature solder, while

achieving wafer level packaging.



Hereinafter, some embodiments of the present disclosure will be further described in detail in

conjunction with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is an overall sectional view of composition of a variable capacitor in Embodiment 1 of

the present disclosure.

Fig. 2 is structural diagrams of a lower plate of the adjustable capacitor in Embodiment 1 of

the present disclosure.

Fig. 3 is structural diagrams of an embodiment of a movable plate of the adjustable capacitor

in Embodiment 1 of the present disclosure.

Fig. 4 is structural diagrams of an embodiment of an upper plate of the adjustable capacitor in

Embodiment 1 of the present disclosure.

Fig. 5 is a structural diagram of an embodiment a control layer of the upper plate of the

adjustable capacitor in Embodiment 1 of the present disclosure.

Fig. 6 is structural diagrams of a fixed apparatus of the adjustable capacitor in Embodiment 1

of the present disclosure.

Fig. 7 is structural diagrams of the connecting wire conductors of the adjustable capacitor in

Embodiment 1 of the present disclosure.

Fig. 8 is structural diagrams of a package of the adjustable capacitor in Embodiment 1 of the

present disclosure.

Fig. 9 is a cross-sectional exploded structural diagram of a combined capacitor in Embodiment

2 of the present disclosure.

Fig. 10 is structural diagrams of a lower plate of the combined capacitor in Embodiment 2 of

the present disclosure.

Fig. 11 is a structural diagram of an upper plate of the combined capacitor in Embodiment 2 of

the present disclosure.

Fig. 12 is a structural diagram of a control layer of the upper plate in the combined capacitor in

Embodiment 2 of the present disclosure.

Fig. 13 is an overall sectional view of composition of an adjustable unit capacitor in

Embodiment 2 of the present disclosure.



Fig. 14 is a bottom view of a package of the combined capacitor in Embodiment 2 of the

present disclosure.

Fig. 15 is a structural diagram of connecting wire conductors of the combined capacitor in

Embodiment 2 of the present disclosure.

Fig. 16 is a bottom view of a package of the combined capacitor in Embodiment 2 of the

present disclosure.

Fig. 16 is a second combination of a combined capacitor in Embodiment 3 of the present

disclosure.

Fig. 17 is a third combination of the combined capacitor in Embodiment 3 of the present

disclosure.

Detailed Description of the Embodiments

In order to further illustrate the technical means adopted in some embodiments of the present
disclosure for achieving a predetermined purpose and the effects thereof, exemplary embodiments,
structural features and effects thereof in the present disclosure will be described in detail below in

conjunction with the accompanying drawings and embodiments.

Hereinafter, the technical solutions in the embodiments of the present disclosure will be
described clearly and completely with reference to the accompanying drawings of the embodiments
of the present disclosure. Obviously, the embodiments as described are only some of the
embodiments of the present disclosure, and are not all of the embodiments. Based on the
embodiments of the present disclosure, all the other embodiments obtained by a person having
ordinary skill in the art without involving any inventive effort shall fall thin the scope of protection

of the present disclosure.

In the description of some embodiments of the present disclosure, it should be understood that
orientation or position relationships indicated by terms such as "center", "upper", "lower", "front",
"rear”, "left", "right", "vertical”, "horizontal", "aligning"”, "overlapping", "bottom", "inner", "outer",
etc. are orientation or position relationships based on the accompanying drawings, are only used to
facilitate the description of some embodiments of the present disclosure and to simplify the
description, rather than indicating or implying that the apparatuses or element referred to thereby
must have a specific orientation, and be constructed and operated in the specific orientation, and
therefore said terms cannot be understood as a limitation to some embodiments of the present

disclosure.
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The terms “first” and "second" are only used for descriptive purposes, and cannot be
understood as indicating or implying relative importance or implicitly indicating the number of
indicated technical features. Thus, features defined by "first” and "second” may explicitly or
implicitly comprise one or more of the features. In the description of some embodiments of the

present disclosure, unless otherwise specified, "a plurality of" means two or more.
Embodiment 1:

Some embodiments of the present disclosure provide an MEMS structure-based adjustable
capacitor, comprising a lower plate A, a movable plate B, an upper plate C, a fixed apparatus D and
one or more connecting wire conductors E. The lower end of the fixed apparatus D is fixedly and
vertically connected to the lower plate A, and the upper end of the fixed apparatus D is fixedly and
vertically connected to the upper plate C. A slot or a through hole B4 is provided in the middle of
the movable plate B, and the movable plate B is provided in the middle of the fixed apparatus D
through the slot or through hole B4 and is able to move up and down on the fixed apparatus D. The
lower plate A is provided with a lower electrode Al, and the movable plate B is provided with a
movable electrode B1 and adjustment electrodes B2. The lower electrode Al and the movable
electrode B1 constitute a unit capacitor, and the unit capacitor is a parallel plate capacitor. The
upper plate C is provided with an upper electrode C1 and adjustment electrodes C2. Two ends of
each of the one or more connecting wire conductors E are respectively electrically connected to the
upper electrode C1 and the movable electrode B1. The adjustment electrodes C2 and the adjustment

electrodes B2 constitute adjustment units.

In the embodiment, the connecting wire conductors E comprise a connecting wire conductor
E1l and a connecting wire conductor E2. A slot B3-1 and a slot B3-2 are provided on the upper
surface of the movable electrode B1, and a slot C1-1 and a slot C1-2 are provided on the lower
surface of the upper electrode C1. One end of the connecting wire conductor E1 is electrically
connected to the slot C1-1 on the upper electrode C1, and the other end of the connecting wire
conductor E1 is electrically connected to the slot B3-1 on the movable electrode B1. One end of the
connecting wire conductor E2 is electrically connected to the slot C1-2 on the upper electrode C1,
and the other end of the connecting wire conductor E2 is electrically connected to the slot B3-2 on
the movable electrode B1. In this way, the movable electrode B1 maintains electrical connection
with the upper electrode C1, and a circuit between the movable electrode B1 and the upper

electrode C1 is in a connected state.

The adjustment electrodes B2 comprise an adjustment electrode B2-1 and an adjustment

electrode B2-2. The adjustment electrodes C2 comprise an adjustment electrode C2-1 and an
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adjustment electrode C2-2, the adjustment electrode C2-1 is provided opposite to the adjustment
electrode B2-1, and the adjustment electrode C2-2 is provided opposite to the adjustment electrode
B2-2.

A control layer C4 is provided on the upper surface of the upper plate C, and the control layer
C4 comprises a connecting lead C4-2, a connecting lead C4-3 and a switch C4-1. The connecting
lead C4-2 connects the upper electrode C1 to a grounding pin of a package of the unit capacitor.
The connecting lead C4-3 connects the adjustment electrode C2-1 and the adjustment electrode
C2-2 together and then connects the adjustment electrode C2-1 and the adjustment electrode C2-2
to one end of the switch C4-1, and the other end of the switch C4-1 is connected to an adjustable

voltage pin of the unit capacitor.

One or more dielectric isolation layers A2 are provided on the upper surface of the lower
electrode Al.

Dielectric isolation layers C3 are provided on lower surfaces of the adjustment electrodes C2.

Specifically, one end of the fixed apparatus D is fixed at a central position of the lower
electrode Al of an electrode layer of the lower plate A, and maintains perpendicular to the lower
electrode Al, and the other end of the fixed apparatus D is fixed at a central position of the upper
electrode C1 of an electrode layer of the upper plate, and maintains perpendicular to the upper
electrode C1. The fixed apparatus D fixes and supports the upper plate C and the lower plate A, and
enables the upper plate C and the lower plate A to maintain parallel to each other and be separated
by a certain spacing. The movable plate B is able to move up and down between the upper plate C
and the lower plate A under the action of an electrostatic force. The movement of the movable plate
B causes a change in the distance between the movable electrode B1 and the lower electrode A1,
thereby changing the magnitude of the unit capacitor. The adjustment electrodes C2 and the
adjustment electrodes B2 constitute adjustment units. The adjustment electrodes C2 are located at
the periphery of the upper electrode C1 and are isolated from the upper electrode C1 by means of a
dielectric material, the adjustment electrodes C2 do not overlap with the movable electrode B1 and
the lower electrode Al, and the adjustment electrodes C2 are isolated from the adjustment
electrodes B2 of the movable plate B by means of the dielectric isolation layers C3. The adjustment
electrodes B2 are located at the periphery of the movable electrode B1, the adjustment electrodes
B2 are isolated from the movable electrode B1 by means of a dielectric material, the adjustment
electrodes B2 do not overlap with the upper electrode C1 and the lower electrode Al, and the lower
electrode Al, the movable electrode B1, the adjustment electrodes B2, the upper electrode C1 and

the adjustment electrodes C2 are made of metal.
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The lower plate A, the movable plate B and the upper plate C are made of monocrystalline

silicon.

In this embodiment, the capacitance value of the adjustable capacitor is specifically determined
by the areas of the lower electrode Al and the movable electrode B1, the number of layers and
thickness of the dielectric isolation layers A2 covered on the lower electrode Al, and the dielectric
constant of the dielectric isolation layer A2, and the spacing between the lower electrode Al and the

movable electrode B1. The specific calculation process is as follows.

In this embodiment, there is only one dielectric isolation layer A2 covered on the lower

electrode Al. There may also be multiple dielectric isolation layers A2. The dielectric isolation

layer A2 has a thickness of d: and a dielectric constant of 1. The air distance between the

d

movable electrode B1 and the lower electrode Al is “2, and the dielectric constant of air is 2.

C

The capacitances are “~t and C, respectively. In this embodiment, the areas of the movable

electrode B1 and the lower electrode Al are both S. According to a calculation formula of a parallel

plate capacitor:

S
Cl = &p&; di (1)
1
S
C, =55, a ?
2

In this embodiment, an adjustable unit capacitance C is a sum of series values of C1 and C2,
and is:

GG,  &&6,S
Cl +C2 ‘92d1 + gle (3)’

wherein d2 is the spacing between the movable electrode B1 and the lower electrode Al, and
the value of d2 can be adjusted by adjusting the electrostatic force. A specific method for adjusting
d2 is as follows.

In this embodiment, it is assumed that after a working voltage V is applied to the lower
electrode Al on the electrode layer of the lower plate A, an electrostatic force generated on the
movable electrode B1 of the movable plate B is Fx. After an adjustable voltage V1 is applied to the
adjustment electrodes C2 on the electrode layer of the upper plate C, an electrostatic force generated

on the adjustment electrodes B2 of the movable plate B is Fs. The self-gravity of the movable plate
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B is Fg. A friction force between the movable plate B and the fixed apparatus D when the movable
plate moves on the fixed apparatus D is Fz. A resultant force of tensile forces of the connecting wire
conductor E1 and the connecting wire conductor E2 is uniform throughout the whole extending
process and the tensile force value is Fl. Elastic forces of the connecting wire conductor E1 and the
connecting wire conductor E2 are uniform throughout the whole compressing process of the
connecting wire conductors, and the values of elastic forces are both Ft. If Fs>Fx+Fg+Fz+Ft, the
movable plate B is subjected to an upward electrostatic force and is pulled to finally get close to the
upper plate C, and at this time, the value of d2 reaches the maximum, and it can be known from
formula 3 that when the value of d2 reaches the maximum and other parameters are unchanged, the
capacitance value C of the adjustable unit capacitor reaches the minimum. If Fx+Fg>Fs+FI+Fz, the
movable plate is subjected to a downward electrostatic tensile force and moves to and finally gets
close to the lower plate, and at this time, the value of d2 reaches the minimum, it can be known
from formula 3 that when the value of d2 reaches the minimum and other parameters are unchanged,
the capacitance value C of the adjustable unit capacitor reaches the maximum. If Fs+FI=Fx+Fg+Ft,
the movable plate B is located at an uncertain position between the upper plate and the lower plate,
and at this time, the capacitance value of the adjustable unit capacitor is an intermediate uncertain
value. In order to prevent the capacitance value of the adjustable capacitor from being in an
uncertain state, the state of Fs+FI=Fx+Fg+Ft needs to be avoided by controlling the voltage value of
the adjustable voltage, thereby preventing the capacitance value of the adjustable unit capacitor

from being in an uncertain state.

In addition, in cases where the adjustable capacitor in this embodiment is subjected to external

mechanical disturbance or vibration, d2 may have a tiny change due to the vibration. Assuming that

Ad

the change amount is ~“2, correspondingly, the change amount of the total capacitance C is AC

and according to formula 3 which is a function about C and takes d2 asan independent variable,
C = 1(d2) it can be obtained by differentiating:

AC — —£,£76,5
(&.d, "“91dz)2 ?
then it can be calculated that the percentage of change of the total capacitance is:

|AC| &|Ad,|
| | &,d, +&d,

According to the described formula, it can be concluded that | € I is much smaller than

14



Ad,
d,

, Which indicates that the structure can effectively overcome the effect of external mechanical

vibration, and the effect of external disturbance on the capacitance value can be ignored.

In this embodiment, a formula for calculating the Q value of the adjustable capacitor is as
follows: Q=1/wCR, wherein R is an equivalent resistance value of the adjustable capacitor, and this
value is mainly composed of a resistance R1 from the lower electrode Al to the capacitor pin, a
resistance value R2 of the lower electrode, a resistance value R3 of the movable electrode B1, a
resistance value R4 of the upper electrode C1, and a sum R5 of resistance values of the connecting
wire conductor E1 and the connecting wire conductor E2, i.e., R=R1+R2+R3+R4+R5. In order to
ensure that the value of R reaches the minimum, it needs to be ensured as far as possible that the
resistance values of all parts are the minimum, and in this case, the Q value of the adjustable unit

capacitor can be the minimum in this embodiment.

In the present embodiment, the upper electrode C1, the movable electrode B1 and the lower
electrode Al have identical shape and size, and are all rectangular. The adjustment electrodes C2 on
the upper plate C are composed of the adjustment electrode C2-1 and the adjustment electrode C2-2,
and the adjustment electrodes B2 on the movable plate B are composed of the adjustment electrode
B2-1 and the adjustment electrode B2-2. The adjustment electrode C2-1 and the adjustment
electrode C2-2 are symmetrically distributed at two sides of the upper electrode C1. The adjustment
electrode B2-1 and the adjustment electrode B2-2 are symmetrically distributed at two sides of the
movable electrode B1. The adjustment electrode C2-1 and the adjustment electrode B2-1 overlap in
the vertical direction. The adjustment electrode C2-2 and the adjustment electrode B2-2 overlap in
the vertical direction. One end of the fixed apparatus D is fixed at a central position of the upper
electrode C1, and the other end of the fixed apparatus D is fixed at a central position of the lower
electrode Al. Aslot or through hole B4 is provided at a central position of the movable electrode B,
the shape of the slot or through hole B4 is the same as the cross-sectional shape of the fixed
apparatus D, and the size of the slot or through hole B4 is slightly larger. Fixed points of the two
connecting wire conductors, i.e., the connecting wire conductor E1 and the connecting wire
conductor E2 are on a central balance line of the movable plate. When the connecting wire
conductor E1 and the connecting wire conductor E2 are in a natural suspension state, the movable
plate B is naturally parallel to the upper plate C and the lower plate A. The design of the described
sizes and appearances ensures that after the adjustment electrode C2-1 and the adjustment electrode
C2-2 are powered on, the electrostatic attraction forces on the adjustment electrode B2-1 and the
adjustment electrode B2-2 are uniform and symmetrical, and after the lower electrode Al is
powered on, the electrostatic force generated on the movable electrode B1 is uniform and
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symmetrical, thereby ensuring that the movable plate B is able to move stably when moving up and
down between the upper plate C and the lower plate A, and the friction force generated between the

movable plate B and the fixed apparatus D reaches the minimum.

Fig. 2 is a structural oblique view and a sectional view of the lower plate A of the adjustable
capacitor in the present embodiment. An implementation process of the lower plate A in the present
embodiment is: first, forming a substrate of the lower plate A on monocrystalline silicon, etching a
shallow slot in a capacitor forming region, sputtering metal in the slot to form the lower electrode
Al of the adjustable capacitor, and then depositing a dielectric material on the lower electrode Al of
the adjustable capacitor so as to form a dielectric isolation layer A2. The number of layers of the
deposited dielectric material can be selected according to a capacitance value and a Q value, which
need to be achieved, of the MEMS structure-based adjustable capacitor. There is one dielectric
material layer deposited in the present embodiment, and there may also be multiple dielectric
material layers. The surface of the deposited dielectric isolation layer A2 is a smooth surface, so that
when the movable electrode B1 gets close to the lower electrode Al, the dielectric isolation layer
A2 and the movable electrode B1 can be in close contact, thereby enhancing the anti-vibration
capability of the capacitor in this state. Moreover, the selection of the thickness value of the
dielectric isolation layer A2 also needs to refer to a working frequency band of the adjustable
capacitor, so that the resonant frequency of the adjustable capacitor is different from the working
frequency of the capacitor, thereby avoiding the generation of resonance. When the lower electrode
Al is simultaneously applied with a radio frequency signal and a direct current signal, oscillation
signals have equal amplitude and opposite phases which cancel one another, or prevent resonance
generated after application of the radio frequency signal. Moreover, the resistance value of a metal
conductor of the lower electrode Al also affects the Q value of the adjustable capacitor, the smaller
the resistance value is, the greater the Q value of the adjustable capacitor is, and also the resistance
values and sizes of the lower electrode Al and the dielectric material layer A2 covered thereon also
affect the voltage withstand and current withstand capabilities of the lower electrode of the

adjustable capacitor.

Fig. 3 is a structural oblique view and a cross-sectional view of the movable plate B of the
adjustable capacitor in the present embodiment. The implementation process of the movable plate B
in the present embodiment is as follows. The movable plate B is manufactured by using
monocrystalline silicon as a substrate, shallow slots are respectively etched in a movable electrode
region and adjustment electrode regions, metal is sputtered in the slots and then planarized, and
metal is filled in the slots to form the movable electrode B1 and the adjustable electrodes B2

respectively. The area and shape of the movable electrode B1 are completely consistent with the
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area and shape of the lower electrode Al, so as to ensure that after the lower electrode Al is
powered on, the electrostatic forces on the movable electrode B1 are uniformly and symmetrically
distributed at all force bearing points of the movable electrode. The areas and shapes of the
adjustment electrode B2-1 and the adjustment electrode B2-2 are completely consistent with the
areas and shapes of the adjustment electrode C2-1 and adjustment electrode C2-2, so as to ensure
that after the adjustment electrodes C2 are powered on, the electrostatic forces on the adjustment
electrodes B2 are uniformly and symmetrically distributed at all force bearing points. A slot or
through-hole B4 having the same cross-sectional shape as that of the fixed apparatus is etched at the
center of the movable plate B, the slot or through-hole cooperating with the fixed apparatus D to
achieve stable upper and lower movement. On longitudinal central axes, symmetrical at two sides of
the slot or through hole B4, of the movable plate B, a slot B3-1 and a slot B3-2 are arranged at
positions where the connecting wire conductors are fixed. The depth of the slots should ensure that
the connecting wire conductor E1 and the connecting wire conductor E2 after being compressed can
be at least 50% hidden inside the slots B3-1 and B3-2 of the movable plate, and that one end of the
connecting wire conductor E1 and one end of the connecting wire conductor E2 are fixed inside the
slot B3-1 and the slot B3-2 respectively, so that E1 and E2 are in electrical communication with the

movable electrode, respectively.

Fig. 4 is a structural oblique view and a cross-sectional view of the upper plate C of the
adjustable capacitor in the present embodiment. The implementation process of the upper plate C in
the present embodiment is as follows. The upper plate C is manufactured by using monocrystalline
silicon as a substrate, shallow slots are etched in an upper electrode region and adjustment electrode
regions at two sides of the upper electrode region, after the shallow slots are formed, continue to
drill in the middle of the adjustment electrode region to etch deep slots, then metal is sputtered in
the slots and then planarized, and metal is filled in the slots. The metal in the upper shallow slots
forms the upper electrode C1, the adjustment electrode C2-1 and the adjustment electrode C2-2 of
the adjustable capacitor. The adjustment electrode C2-1 and the adjustment electrode C2-2 are
arranged at positions opposite to the adjustment electrode B2-1 and the adjustment electrode B2-2.
The adjustment electrodes have similar shapes, so that after the adjustment electrodes C2 are
applied with an adjustable voltage, electrostatic attraction forces on the force bearing points of the
movable electrode B2 are uniformly and symmetrically distributed. Dielectrics are deposited on
surfaces of the adjustment electrode C2-1 and the adjustment electrode C2-2 to form a dielectric
protection layer C3-1 and a dielectric protection layer C3-2. The surfaces of the dielectric protection
layers C3 are smooth, and the dielectric protection layers are used for isolating the adjustment
electrodes C2 from the adjustment electrodes B2. A slot C1-1 and a slot C1-2 are etched at
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corresponding positions similar to the adjustment electrodes of the movable plate and at two
symmetrical sides on a transverse central axis of the upper electrode C1. The depth, length and
width of the slots should ensure that the connecting wire conductor E1 and the connecting wire
conductor E2, when being compressed, can be hidden in the slots by 50% or more in the slots. The
other end of the connecting wire conductor E1 and the other end of the connecting wire conductor
E2 are respectively fixed in the slot C1-1 and the slot C1-2, so that the connecting wire conductors

E are in electrical communication with the upper electrode C1.

Fig. 5 is a sectional view of a control layer of the upper plate of the adjustable capacitor in the
present embodiment. A control layer C4 is provided at the upper surface layer of the upper plate C.
The control layer C4 is mainly distributed with a connecting lead C4-2, a connecting lead C4-3 and
a switch C4-1. The connecting lead C4-2 is mainly used for connecting the upper electrode C1 to a
grounding pin of a package of the capacitor. The function of the lead conductor C4-3 is to connect
the adjustment electrode C2-1 and the adjustment electrode C2-2 together and then connect the
adjustment electrode C2-1 and the adjustment electrode C2-2 to the switch C4-1. The other end of
the switch C4-1 is connected to an adjustable voltage pin of the adjustable capacitor. Moreover, a
data transceiving control bus of the switch C4-1 is connected to a control pin of the capacitor by

means of a lead-out wire.

Fig. 6 is structural diagrams of an embodiment of the fixed apparatus D of the adjustable
capacitor in the present embodiment. The exemplary implementation process of the fixed apparatus
D is to form the fixed apparatus D by means of deposition or bonding. One end of the fixed
apparatus D is fixed at the center of the lower electrode Al of the lower plate A and is perpendicular
to the lower plate A, and the other end of the fixed apparatus D is fixed at a central position of the
upper electrode C1 of the upper plate C of the adjustable capacitor and is perpendicular to the upper
plate C. The fixed apparatus D supports the upper plate C and the lower plate A between the upper
plate C and the lower plate A, and enables the upper plate C and the lower plate A to maintain
parallel. The fixing form of the fixed apparatus D comprises but is not limited to forms such as a

fixed shaft, a fixed plate, a fixed cavity, and a fixed spring.

Fig. 7 is structural diagrams of an embodiment of the one or more connecting wire conductors
E of the adjustable capacitor in the present embodiment. The connecting wire conductor E1 and the
connecting wire conductor E2 are formed of metal conductors having extension and retraction
performances. One end of the connecting wire conductor E1 is fixed in the slot B3-1, the other end
of the connecting wire conductor E1 is fixed in the slot C1-1. One end of the connecting wire
conductor E2 is fixed in the slot B3-2, and the other end of the connecting wire conductor E2 is

fixed in the slot C1-2. It can be seen from the structural diagrams that there are three typical states
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of the connecting wire conductor E1 and the connecting wire conductor E2. A first state is that the
connecting wire conductor E1 and the connecting wire conductor E2 are extended to the longest
extent, and at this time, after a working voltage is applied to the lower electrode Al of the lower
plate, a sum of an electrostatic force generated by the working voltage on the movable electrode B1
and the self-gravity of the movable plate is greater than a sum of the friction force of the movable
plate, an upward extending force and electrostatic attraction forces of the adjustment electrodes
C2-1 and C2-2 of the upper plate on the movable plate, and then the movable plate B is in close
contact with the lower plate A. A second state is that the connecting wire conductor E1 and the
connecting wire conductor E2 are compressed to the shortest state, at this time, after an adjustable
voltage is applied to the adjustment electrode C2-1 and the adjustment electrode C2-2 of the upper
plate C, an electrostatic force generated by the adjustable voltage on the adjustment electrode B2-1
and the adjustment electrode B2-2 of the movable plate B is greater than a sum of the self-gravity,
the friction force and a downward elastic force of the movable plate, and an electrostatic force of
the lower electrode Al of the lower plate on the movable plate, and in this case, the adjustment
electrodes C2-1 and C2-2 of the upper plate attract the movable plate B to be in close contact with
the upper plate C. In this state, the connecting wire conductor E1 and the connecting wire conductor
E2 are hidden inside the slot B3-1, slot B3-2, slot C1-1, and slot C1-2. A third state is that the
connecting wire conductors E are in a state of any intermediate values, and under normal
circumstances, this state should be avoided in the working process of the capacitor, as the
capacitance value of the adjustable capacitor in this state is an uncertain value. The selected
connecting wire conductors E1 and E2 have fatigue resistance characteristics, and thus the
connecting wire conductors will not be broken under repeated extension and compression, and in
the extension and compression process, the tensile forces and the elastic forces during compression
of the connecting wire conductors are always kept at constant values. In order to reduce the effect of
the resistance values of the connecting wire conductors on the Q value of the adjustable capacitor,

the selected material of the connecting wire conductors is a material with high conductivity.

Fig. 8 is structural diagrams of an embodiment of a package of the adjustable capacitor in the
present embodiment. Metal is sputtered to a single adjustable capacitor to form the lower electrode
Al of the capacitor, a dielectric material is deposited based on the lower electrode Al to form a
dielectric isolation layer A2, and a metal lead is deposited to connect the lower electrode Al of the
capacitor and is led out to a working voltage pin. By means of deposition or bonding, a fixed
apparatus D is manufactured at a central position of the dielectric material layer A2, wherein the
form of the fixed apparatus comprises but is not limited to forms such as a fixed shaft, a fixed plate,

a fixed cavity, and a fixed spring. The fixed apparatus D enables the movable plate B to stably move
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up and down between the upper plate C and the lower plate A, without shifting in a horizontal

direction, without jamming during moving, and without increasing the resistance.

The movable plate B is manufactured by using monocrystalline silicon as a substrate, shallow
slots are respectively etched in a movable electrode B1 region and adjustment electrode B2 regions,
metal is sputtered in the slots and planarized, and metal is filled in the slots to form the movable
electrode B1 and the adjustable electrodes B2 respectively. Then, a slot B3-1 and a slot B3-2 are
provided on the movable plate, a slot or through hole B4 having the same cross-sectional shape as
the fixed apparatus is then etched at the center of the movable plate, then the slot or through hole B4
on the movable plate passes through the fixed apparatus D, the face on which the movable electrode
B1 is provided faces downwards, the face on which the adjustment electrodes B2 are provided face
upwards, and then the slot B3-1 and the slot B3-2 respectively fix one end of the connecting wire

conductor E1 and one end of the connecting wire conductor E2.

The upper plate C is manufactured by using monocrystalline silicon as a substrate, shallow
slots are etched in a capacitor forming region and adjustment electrode regions at two sides thereof,
after forming the shallow slots, continue to drill in the middle of the adjustment electrode regions to
etch deep slots, then metal is sputtered in the slots and planarized, and the slots are filled with metal;
metal on the upper shallow slots forms the upper electrode C1, the adjustment electrode C2-1 and
the adjustment electrode C2-2 of the capacitor, and the lower deep slots are filled with metal to
form lead-out conductive wires which are connected to the switch C4-1, and metal leads are
deposited to lead the upper electrode and the adjustment electrodes to the edge of the upper plate.
After the upper plate is manufactured, the upper plate C is bonded to the fixed apparatus D, so that
the upper plate C and the lower plate A are electrically assembled together; and then from two ends
of the package respectively, an upper electrode lead-out wire on the control layer C4 on the upper
plate C, a control lead-out wire of the switch and an adjustable voltage lead-out wire are led out
from two end side faces of the capacitor to a grounding pin, a control pin and an adjustable voltage

pin of the capacitor.
Embodiment 2:

The present embodiment provides a combined capacitor composed of 9 adjustable unit
capacitors as shown in figs. 9-16. Upper electrodes C11, C12, C13, C14, C15, C16, C17, C18, C19,
and 9 pairs of adjustment electrodes C211, C221, C212, C222, C213, C223, C214, C224, C215,
C225, C216, C226, C217, C227, C218, C228, C219 and C229 on an upper plate of the 9 adjustable
unit capacitors are all distributed on one upper plate and are isolated from one another; wherein C11,

C12 and C13 are connected to one another on an electrode layer as one group, C14, C15 and C16
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are connected to one another at the electrode layer as one group, and C17, C18 and C19 are
connected to one another on the electrode layer as one group, i.e., a total of three groups, and then
each group is connected to a total lead conductor, and then the total lead conductors are connected
to a grounding pin of the capacitor; each pair of adjustment electrodes in the 9 pairs of adjustment
electrodes on the upper plate are connected to each other by means of a lead conductor, then each
pair of adjustment electrodes are connected to one end of a switch in a switch matrix, and the other
end of the switch is connected to an adjustable voltage pin of the adjustable unit capacitor by means
of a lead conductor. 9 lower electrodes All, A12, A13, Al4, A15, Al6, Al17, Al18 and A19 in the
combined capacitor are distributed on one lower plate and are isolated from one another, then Al1,
Al12 and A13 are connected to one another as a group, Al4, A15 and Al6 are connected to one
another as a group, and A17, A18 and A19 are connected to one another as a group, and each group
of the three groups of lower electrodes is respectively connected to a lead conductor, and then the
lead conductors are connected to a working voltage pin of the combined capacitor; wherein the
upper electrodes in the upper plate electrode layer and upper electrode leads are insulated and
isolated from one another by means of a dielectric, the upper electrodes and adjustment electrode
leads are insulated and isolated from one another by means of a dielectric, leads between the lower
electrodes of the lower plate are isolated from one another, and the leads are isolated from or do not
overlap with the upper electrodes and the adjustment electrodes on the upper plate electrode layer,
and the lower electrodes on the lower plate. The 9 upper electrodes and the 9 lower electrodes have
the same shapes and sizes, and are strictly aligned in the vertical direction, and 9 corresponding
fixed apparatuses and 9 groups of connecting wire conductors together constitute the combined
capacitor. The 9 lower electrodes distributed on the electrode layer of the lower plate, and movable
electrodes of 9 corresponding movable plates which is able to move on the 9 fixed apparatuses
constitute 9 unit capacitors, and in each unit capacitor, the movable electrode on the movable plate
and the lower electrode on the lower plate are strictly aligned in the vertical direction. Each slot of
corresponding 9 pairs of slots on the movable electrodes of the 9 movable plates is connected to one
end of a corresponding connecting wire conductor of the corresponding 9 pairs of connecting wire
conductors; and the other end of each connecting wire conductor of the 9 pairs of connecting wire
conductors is connected to each slot of 9 pairs of slots on the 9 upper electrodes of the upper plate
electrode layer corresponding to the movable electrodes of the 9 movable plates. The center
positions of the 9 upper electrodes distributed on the upper plate electrode layer are vertically
connected and fixed to the center positions of the 9 corresponding fixed apparatuses respectively,
and the other ends of the center positions of the 9 fixed apparatuses are vertically connected and
fixed together to the center positions of the 9 lower electrodes respectively. The 9 fixed apparatuses

fix the upper plate and the lower plate of the combined capacitor, make the upper plate and the
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lower plate of the combined capacitor parallel and separated by a certain spacing, and make the
periphery edges of the upper plate and the lower plate aligned, and the 9 movable plates move
between the upper plate and the lower plate in any combination so as to adjust the magnitude of the
combined capacitor. The 9 adjustment electrodes of the upper plate electrode layer and the 9
adjustment electrodes corresponding to the 9 parallel movable plates capable of moving in parallel
on the 9 fixed apparatuses constitute 9 adjustment units, and the 9 unit capacitors and 9
corresponding adjustment units in the combined capacitor constitute 9 adjustable unit capacitors by

means of the 9 movable plates assembled on the 9 fixed apparatuses.

In this embodiment, the capacitance value of each capacitor of the 9 adjustable unit capacitors
in the combined capacitor is able to be individually adjusted, and the capacitance values of the
plurality of adjustable unit capacitors are able to be adjusted in any combination, so as to achieve
different capacitance values of the combined capacitor. An exemplary adjustment method is: an
external controller is connected to an 1IC control pin of the combined capacitor in this embodiment
by means of an IIC bus, the external controller is configured as a master controller, 11C on 9
switches inside the combined capacitor are all slave controllers, and a control switch of each unit
capacitor of the 9 unit capacitors is allocated with an address; and the master controller identifies
each specific switch of the 9 switches by means of bus addresses, and then performs precise on/off
control on a specific switch or a group of switches, so as to achieve different capacitance values of

the combined capacitor.

In this embodiment, the power-on sequence of the controllers needs to be controlled in an
application process of the combined capacitor. The specific power-on sequence is first to apply an
adjustable voltage on the adjustable voltage pin, then to apply a working voltage on the working
voltage pin, and then to adjust and control on/off of the 9 switches in a switch matrix according to
working requirements of a matching circuit, so that the capacitance value of the combined capacitor
is adjusted to a required capacitance value. After the capacitance value of the capacitor is adjusted, a
working voltage is finally applied to an applied circuit. If the combined capacitor is applied to a
power amplifier circuit, after the capacitance value of the capacitor is adjusted according to the
described sequence, power is finally supplied to a gate voltage of a power amplifier tube, thereby
avoiding a problem of causing instability to the applied circuit in the process of capacitance value

adjustment and switching.

Fig. 10 is structural diagrams of the lower plate of the combined capacitor according to
Embodiment 2 of present disclosure. In this embodiment, 9 lower electrodes All, A12, A13, Al4,
Al5, Al6, Al17, A18 and A19 are distributed on the lower plate, and the 9 lower electrodes are

isolated from one another by means of a dielectric material. After A11l, A12 and A13 are connected
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to one another by sputtering lead conductors, A14, A15 and A16 are connected to one another by
sputtering lead conductors, Al17, A18 and A19 are connected to one another by sputtering lead
conductors, and then the three groups of lower electrodes are respectively connected to one total
lead conductor, and the total lead conductor is then connected to a working voltage pin of the
combined capacitor; and all the described lead conductors do not overlap with the upper electrode
of the upper plate electrode layer and the movable electrode of the movable plate in a routing
process, thereby preventing a parasitic capacitance possibly caused by the leads. In addition, the
materials, sizes and resistance values of the lead wires and single lower electrode determine the
voltage withstand capability of a working voltage electrode of the combined capacitor, and a
dielectric material is covered on each lower electrode to form isolation layers A21, A22, A23, A24,
A25, A26, A27, A28 and A29 respectively for isolating a movable electrode and a lower electrode
in each adjustable capacitor.

Fig. 11 is a schematic structural diagram of the upper plate electrode layer of the combined
capacitor in Embodiment 2. In the present embodiment, a total of 9 upper electrodes C11, C12, C13,
C14, C15, C16, C17, C18 and C19 are distributed on the upper plate electrode layer, and
respectively have the same shape and area as the 9 lower electrodes A11, A12, A13, Al4, Al5, Al6,
Al7, A18, A19 on the corresponding lower plate, and the upper electrodes and the lower electrodes
are aligned in distribution, and the 9 upper electrodes are isolated from one another by means of a
dielectric material; wherein C11, C12, C13 are a group and are connected to one another by lead
conductors, C14, C15, C16 are a group and are connected to one another by lead conductors, and
C17, C18, C19 are a group and are connected to one another by lead conductors, each group of
upper electrodes are connected to a total lead by means of leads, and the total leads are then
connected to a grounding pin of the capacitor by means of a side-edge packaging path of the
capacitor. A pair of adjustment electrodes are respectively distributed at two sides of each upper
electrode, and there are a total of 9 pairs of adjustment electrodes, which are respectively C211,
C221, C212, C222, C213, C223, C214, C224, C215, C225, C216, C226, C217, C227, C218, C227,
C219 and C229, each pair of adjustment electrodes in the 9 pairs of adjustment electrodes are
respectively aligned with a pair of adjustment electrodes of one movable plate of the corresponding
9 movable plates; then each adjustment electrode is provided with a metal via hole to allow for
connection to a lead conductor corresponding to the control layer on the upper plate. The
above-mentioned lead conductors all do not overlap with the upper electrodes on the upper plate
electrode layer, the movable electrodes of the movable plates and the lower electrodes on the lower
plate electrode layer, so as to avoid crossing between leads as far as possible, thereby reducing a

parasitic capacitance possibly caused thereby.
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Fig. 12 is a schematic structural diagram of the control layer of the upper plate of the combined
capacitor in Embodiment 2. In this embodiment, 9 switches distributed on the control layer of the
upper plate of the combined capacitor are C41, C42, C43, C44, C45, C46, C47, C48, and C49,
respectively. Each pair of adjustment electrodes are connected to one end of a switch of the 9
switches of the control layer by means of the metal via holes, and then every three switches form a
group and are connected to a control bus, on the control buses, each switch is allocated with one
address, and the 9 switches are allocated with 9 addresses in total. An external or internal processor
identifies each switch through the bus addresses, and then implements on-off control of each switch.
Finally, the other ends of the 9 switches are connected together and then are connected to an
adjustable voltage pin of the capacitor through leads, the bus is connected to a corresponding bus
control pin outside a package of the capacitor by using corresponding conductive wires. The
described conductive wires do not overlap with the upper electrodes of the upper plate electrode
layer, the movable electrodes of the movable plates and the lower electrodes of the lower plate

electrode layer.

Figs. 13-16 are schematic diagrams related to packaging of the combined capacitor in the
present embodiment. The combined capacitor is packaged in a sealed space, and the exemplary
implementation process of packaging is as follows: firstly, on monocrystalline silicon, by using the
monocrystalline silicon as a substrate, etching on the monocrystalline silicon to form a lower plate
of the combined capacitor and wall plates packaging the periphery of the combined capacitor; then,
on the surface of the lower plate, forming 9 lower electrodes with regular shapes by means of
sputtering, then forming isolation layers on the 9 lower electrodes respectively by means of
depositing a dielectric with a high Q value and a high dielectric constant on the surfaces of the 9
lower electrodes; then, dividing the 9 lower electrodes into three groups by means of sputtering
metal leads, wherein 3 lower electrodes of each column are connected to one another, and then
connected a sputtered bus, and the buses are connected to a working voltage pin of the combined
capacitor; and then forming or manufacturing 9 fixed apparatuses at the center positions of the 9
lower electrodes on the lower plate by means of deposition or bonding, the form of the fixed
apparatus comprising but not limited to forms such as a fixed shaft, a fixed plate, a fixed cavity, and
a fixed spring; then by using monocrystalline silicon as a substrate, manufacturing 9 movable plates
of the same shape and the same size, respectively etching slots in a movable electrode region and
adjustment electrode regions at two sides of each movable plate, sputtering metal in the slots and
planarizing same, and filling the slots with metal, so as to form the movable electrode and the
adjustment electrodes of each movable plate; and then etching, at the center of each movable plate,

a through hole having the same cross-sectional shape as the fixed apparatus, and the through hole
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having slightly greater size; moreover, etching slots on the movable electrodes for connection of

connecting conductors, and fixing a connecting wire conductor in the slot of each movable plate.

By using monocrystalline silicon as a substrate, manufacturing an upper plate; distributing, on
the upper plate, 9 regions having the same area and shape as the movable plates; by using one face
of the 9 regions as an electrode layer, respectively forming adjustment electrodes and upper
electrodes of the upper plate by means of sputtering metal, and by using the other face as a control
layer, etching a wafer circuit of a corresponding switch on the control layer; further, by means of
sputtering corresponding connecting wire conductors, distributing all the switches and connecting
wire conductors in gaps between the upper electrodes and the adjustment electrodes, wherein the
switches and connecting wire conductors do not overlap with the upper electrodes and the
adjustment electrodes; opening metalized via holes to connect the adjustment electrodes to a
corresponding switch, and sputtering corresponding connecting wires to edges of the electrode layer
and the control layer, for leading out the wires to a grounding electrode and an adjustable voltage
electrode which are connected to the combined capacitor; and finally, correspondingly connecting
and fixing the other ends of the connecting wire conductors on the 9 movable plates to the slots on
the 9 upper electrodes, and then mounting together the whole upper plate and the 9 movable plates
on a base slot of the lower plate, and then sealing the whole combined capacitor and processing an

external pin surface layer, and finally achieving packaging of the capacitor.

For the convenience of description, in the description process of the described apparatus, only
a single adjustable unit capacitor and a combined capacitor composed of 9 adjustable unit capacitors
are described. Of course, in implementing some embodiments of the present disclosure, the
functions of all modules or units may be achieved in one piece or multiple pieces of hardware by
any combination of N different unit capacitors. A person skilled in the art would appreciate that
embodiments of the present disclosure may be provided as methods, devices, implementation

processes, and products.

Fig. 17 is a diagram according to Embodiment 3 of present disclosure. In this embodiment, N
combined capacitors may be longitudinally superposed to form a combined capacitor. In this
embodiment, a schematic diagram in which two capacitors of N superposed capacitors are selected
to be superposed together to form the combined capacitor is shown. In this embodiment, two
adjustable unit capacitors, i.e., an adjustable unit capacitor 100 and an adjustable unit capacitor 200
are longitudinally superposed to form the combined capacitor. A lower plate AO of the adjustable
unit capacitor 100 and an upper plate C of the adjustable unit capacitor 200 share one plate.
Adjustment electrodes B2 of the adjustable unit capacitor 200 are connected to one end of a switch

of a control layer through via holes, and the other end of the switch is connected to an adjustable
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voltage control pin Y2 through a lead; and adjustment electrodes B22 of the adjustable unit
capacitor 100 are connected to one end of a switch of a control layer through via holes, and the
other end of the switch is then connected to an adjustable voltage control pin Y3 through a lead.
Adjustable voltages Y2 and Y3 can be respectively controlled by applying different control voltages,
or are connected to the same control voltage and controlled at the same time. An upper electrode
C11 of the adjustable unit capacitor 100 and an upper electrode C1 of the adjustable unit capacitor
200 are connected to a grounding pin YO through leads respectively; and a lower electrode A0 of the
adjustable unit capacitor 100 and a lower electrode Al of the adjustable unit capacitor 200 are
connected to a power supply working voltage pin Y1 through leads respectively. N adjustable unit
capacitors in the longitudinally packaged combined capacitor are longitudinally packaged together,

and the characteristics thereof are that the capacitor has a small package and occupies a small area.

Fig. 18 a diagram according to Embodiment 3 of the present disclosure. In this embodiment,
first, three adjustable unit capacitors 300, 310 and 320 combined horizontally are combined into a
combined capacitor 500, and then three adjustable unit capacitors 330, 340 and 350 combined
horizontally are combined into a combined capacitor 400; the two combined capacitors 400 and 500
are superposed together to form a combined capacitor, and a lower plate of the combined capacitor
400 and an upper plate of the combined capacitor 500 share the same plate. Lower electrodes All,
Al12 and A13 of the adjustable unit capacitors 300, 310 and 320 are all distributed on the same
lower plate, and are isolated from one another by means of a dielectric material, and the three lower
electrodes are connected to one another by means of conductive wires and then are finally
connected to a power supply voltage pin Y1; upper electrodes C11, C12 and C13 of the adjustable
unit capacitors 300, 310 and 320 are all distributed on the same upper plate and are isolated from
one another by means of a dielectric material, and the three upper electrodes are connected to one
another by means of conductive wires and then are connected to a grounding pin YO of the
combined capacitor; adjustment electrodes B211 and B221 of the adjustable unit capacitors 300,
310 and 320 are connected to each other by means of a conductive wire and then are connected to
one end of a switch C41 by means of a conductive wire, and the other end of the switch C41 is
connected to an adjustable voltage control pin Y2 by means of a conductive wire; B212 and B222
are connected to each other by means of a conductive wire and then connected to one end of a
switch C42 by means of a conductive wire, and the other end of the switch C42 is connected to the
adjustable voltage control pin Y2 by means of a conductive wire; B213 and B223 are connected to
each other by means of a conductive wire and then connected to one end of a switch C43 by means
of a conductive wire, and the other end of the switch C43 is connected to the adjustable voltage

control pin Y2 by means of a conductive wire.
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Lower electrodes Al4, A15 and A16 of the adjustable unit capacitors 330, 340 and 350 are all
distributed on one lower plate, and are isolated from one another by means of a dielectric material,
and the three lower electrodes are connected to one another by means of conductive wires and then
are finally connected to the power supply voltage pin Y1; upper electrodes C14, C15 and C16 of the
adjustable unit capacitors 330, 340 and 350 are all distributed on an upper plate and are isolated
from one another by means of a dielectric material, and the three upper electrodes are connected to
one another by means of conductive wires and then are connected to the grounding pin YO of the
combined capacitor; adjustment electrodes B214 and B224 of the adjustable unit capacitors 330,
340 and 350 are connected to each other by means of a conductive wire and then are connected to
one end of a switch C44 by means of a conductive wire, and the other end of the switch C44 is
connected to an adjustable voltage control pin Y3 by means of a conductive wire; B215 and B225
are connected to each other by means of a conductive wire and then connected to one end of a
switch C45 by means of a conductive wire, and the other end of the switch C45 is connected to the
adjustable voltage control pin Y3 by means of a conductive wire; and B216 and B226 are connected
to each other by means of a conductive wire and then connected to one end of a switch C46 by
means of a conductive wire, and the other end of the switch C46 is connected to the adjustable

voltage control pin Y3 by means of a conductive wire.

In conclusion, the MEMS structure-based adjustable capacitor not only has a high Q value, but
also has high voltage withstand and current withstand capabilities. By means of packaging a
plurality of adjustable capacitors in a package, the continuous and step adjustment of the
capacitance value of a combined capacitor can be achieved. The capacitance value of the capacitor
can be programmable and adjustable by means of an external or internal processor, having good
application environment adaptability. The adjustment electrodes are movable electrodes with fixed
potential states, thereby avoiding the effect of direct-current bias of a radio frequency circuit at two
ends of a variable capacitor on the movement of a switch arm. Different from a conventional
variable capacitor, the movable electrode moves horizontally up and down, and the electrode itself
has no deformation, which can reduce parasitic capacitance and has a higher capacitance change
linearity. The adjustment electrodes are constantly in an electric field blocking state, reducing the
effect of external mechanical vibration. A semiconductor is welded with a dielectric material by

using a low-temperature solder, while achieving wafer level packaging.

The content above is further detailed description of some embodiments of the present
disclosure with reference to specific preferred embodiments, and it cannot be determined that the
exemplary embodiments of present disclosure are only limited to these descriptions. For a person

having ordinary skill in the technical field to which the present disclosure belongs, several simple
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deductions or replacements may also be made without departing from the concept of some
embodiments of the present disclosure, and all these deductions and improvements shall be

considered as belonging to the scope of protection of the present disclosure.
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Claims

1. A Micro-Electro-Mechanical System (MEMS) structure-based adjustable capacitor,
comprising a lower plate A, a movable plate B, an upper plate C, a fixed apparatus D and one or more
connecting conductors E; wherein a lower end of the fixed apparatus D is fixedly connected to the
lower plate A, an upper end of the fixed apparatus D is fixedly connected to the upper plate C, the
movable plate B is provided with a structure B4 which is able to move freely in parallel in cooperation
with the fixed apparatus D, the movable plate B is mounted on the fixed apparatus D by means of the

structure B4, and the movable plate B is able to move up and down along the fixed apparatus D;

the lower plate A is provided with a lower electrode A1, and the movable plate B is provided
with a movable electrode B1 and adjustment electrodes B2 isolated from one another by means of a

dielectric;

the lower electrode A1 and the movable electrode B1 constitute a unit capacitor, and the lower

electrode Al and the movable electrode B1 are isolated by means of a dielectric;

the upper plate C is provided with an upper electrode C1 and adjustment electrodes C2 isolated
from one another by means of a dielectric; two ends of each of the one or more connecting conductors

E are respectively electrically connected to the upper electrode C1 and the movable electrode B1;

the adjustment electrodes C2 and the adjustment electrodes B2 constitute adjustment units, and
the adjustment electrodes C2 and the adjustment electrodes B2 are isolated by means of a dielectric;

and

in a working state, the lower electrode Al is constantly applied with a working voltage, the
working voltage generates an electrostatic attraction force on the movable electrode B1, and an
electrostatic attraction force of the adjustment electrodes C2 on the adjustment electrodes B2 is
adjusted by controlling an adjustable voltage applied to the adjustment electrodes C2, so that a
magnitude relationship between an attraction force of the lower electrode A1 on the movable plate B
and an attraction force of the adjustment electrodes C2 on the movable plate B changes, thereby
enabling the movable plate B to move up and down along the fixed apparatus D to adjust a capacitance

value of the MEMS structure-based adjustable capacitor.

2. The MEMS structure-based adjustable capacitor according to claim 1, wherein the lower
electrode Al is provided with one or more dielectric isolation layers A2 for isolating the lower

electrode A1 from the movable electrode B1.

3. The MEMS structure-based adjustable capacitor according to claim 1, wherein the
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adjustment electrodes C2 and the adjustment electrodes B2 constitute adjustment units, the
adjustment electrodes C2 are provided with dielectric isolation layers C3 for isolating the adjustment
electrodes C2 from the adjustment electrodes B2, the adjustment electrodes C2 do not overlap with
the movable electrode B1 and the lower electrode A1, and the adjustment electrodes B2 do not overlap

with the upper electrode C1 and the lower electrode Al.

4. The MEMS structure-based adjustable capacitor according to claim 1, wherein the lower
plate A is made of a dielectric material, a metal conductor covered or embedded on the surface of the
dielectric material of the lower plate A forms the lower electrode A1, one or more dielectric isolation
layers A2 are provided on the surface of the lower electrode A1, for isolating the lower electrode A1l
from the movable electrode B1, and also for adjusting the capacitance value and a Q value of the

MEMS structure-based adjustable capacitor.

5. The MEMS structure-based adjustable capacitor according to claim 1, wherein the movable
plate B is made of a dielectric material, the structure B4 which is able to move freely in parallel in
cooperation with the fixed apparatus D is provided in the middle of the movable plate B, and the
movable plate B is sleeved on the fixed apparatus D by means of the movable plate B itself or by
means of the structure B4; and metal conductors covered or embedded on the surface of the dielectric
material of the movable plate B form the movable electrode B1 and the adjustment electrodes B2, the
adjustment electrodes B2 are distributed on the periphery of the movable electrode B1, the adjustment
electrodes B2 and the movable electrode B1 are isolated from one another by means of a dielectric,
the movable electrode B1 has the same shape as the lower electrode A1 and the upper electrode Cl1,
and is aligned with the lower electrode Al and the upper electrode C1 on a vertical plane, and the
adjustment electrodes B2 and the adjustment electrodes C2 have the same shape, and are aligned on

the vertical plane.

6. The MEMS structure-based adjustable capacitor according to claim 1, wherein the upper
plate C is made of a dielectric material, a metal conductor covered or embedded on the surface of the
dielectric material of the upper plate C forms the upper electrode C1, metal conductors covered or
embedded on the surfaces of the dielectric material at the periphery of the upper electrode C1 form
the adjustment electrodes C2, the upper electrode C1 and the adjustment electrodes C2 are isolated
from one another by means of the dielectric material, dielectric isolation layers C3 are provided on
the surfaces of the adjustment electrodes C2, the upper plate C is provided with a control layer C4,
each of the adjustment electrodes C2 is connected to one end of a switch in a control layer C4, and
the other end of the switch in the control layer C4 is connected to an adjustable voltage pin of the

adjustable unit capacitor.
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7. The MEMS structure-based adjustable capacitor according to claim 1, wherein the fixed
apparatus D has one end fixed to the upper electrode C1 of the upper plate C, and the other end fixed
to the lower electrode A1 of the lower plate A, and is used for supporting the upper plate C and the
lower plate A and maintaining the upper plate C and the lower plate A parallel, and a fixing method

of the fixed apparatus D comprises welding, pressing or bonding.

8. The MEMS structure-based adjustable capacitor according to claim 1, wherein the one or
more connecting conductors E consist of 1 to M connecting conductors; 1 to M slots are
correspondingly provided on an upper surface of the movable electrode B1, and 1 to M slots are
correspondingly provided on a lower surface of the upper electrode C1; one end of each of the 1 to
M connecting conductors is electrically connected to a corresponding slot of the 1 to M slots on the
lower surface of the upper electrode C1, and the other end of each of the 1 to M connecting conductors
is electrically connected to a corresponding slot of the 1 to M slots on the upper surface of the movable
electrode B1; the upper electrode C1 is electrically connected to the movable electrode B1 by means
of the 1 to M connecting conductors, and resistance values of the 1 to M connecting conductors are
set to be less than a preset value; and the 1 to M connecting conductors have equal lengths, so that

the movable plate B is kept parallel to the upper plate C and the lower plate A in a natural state.

9. The MEMS structure-based adjustable capacitor according to claim 8, wherein the one or
more connecting conductors E are not short-circuited to the adjustment electrodes C2 and the
adjustment electrodes B2 in a static state or a moving state; and the one or more connecting
conductors E have extension and retraction performances with extending forces and elastic forces
remaining unchanged, and have sizes which are able to satisfy that the movable plate B is able to be
in close contact with the upper plate C when being compressed, and is able to be in close contact with

the lower plate A when being extended downwards.

10. The MEMS structure-based adjustable capacitor according to claim 1, wherein the one or
more connecting conductors E, the lower electrode Al, the movable electrode B1, the adjustment
electrodes B2, the upper electrode C1, and the adjustment electrodes C2 are made of metal materials,
and substrate materials of the upper plate C, the movable plate B and the lower plate A are dielectric

materials.

11. The MEMS structure-based adjustable capacitor according to claim 1, wherein an
electrostatic attraction force Fx is generated on the movable electrode B1 by the lower electrode Al
after the lower electrode A1 is applied with a working voltage, and an electrostatic attraction force Fs
generated on the adjustment electrodes B2 by the adjustment electrodes C2 after the adjustment

electrodes C2 are applied with an adjustable voltage, and in a case where Fs is smaller than Fx, the
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movable plate B moves towards and finally gets close to the lower plate A, and at this time, the
capacitance value of the adjustable unit capacitor reaches the maximum; in a case where Fs is greater
than Fx, the movable plate B moves towards and finally gets close to the upper plate C, and at this
time, the capacitance value of the adjustable unit capacitor reaches the minimum; and in a case where
the adjustable voltage applied to the adjustment electrodes C2 is zero and the working voltage applied
to the lower electrode A1 is not zero, the movable plate B moves towards the lower plate A, to keep

the adjustable unit capacitor in a state of a maximum capacitance value.

12. The MEMS structure-based adjustable capacitor according to claim 1, wherein the unit
capacitor and the adjustment units form an adjustable unit capacitor by means of the movable plate
B, the lower electrode A1 of the adjustable unit capacitor is connected to a working voltage pin, the
upper electrode C1 is connected to a grounding pin, each of the adjustment electrodes C2 is connected
to one end of a switch on a control layer C4 by means of a metal via hole, and the other end of the
switch in the control layer C4 is connected to an adjustable voltage pin; and a switch data transceiving
bus is connected to a control pin, and a processor controls on/off of the switch and a voltage on the
adjustable voltage pin by means of the switch data transceiving bus, so as to control the movement
of the movable electrode B1 in the adjustable unit capacitor, thereby changing the capacitance value

of the adjustable unit capacitor.

13. The MEMS structure-based adjustable capacitor according to claim 1, wherein the upper
plate and the lower plate are packaged by using a non-metallic material, two pins of a capacitor are
led out, and ground, a working voltage pin or a control pin is marked, the control pin is located at a
vacated position of a capacitor pin or a gap position in a grounding pin, and finally packaging and
sealing are performed; or the upper plate C and the lower plate A serve as a part of device packaging,
and are externally added with a packaging material to achieve packaging of the MEMS structure-

based adjustable capacitor.

14. The MEMS structure-based adjustable capacitor according to claim 1, wherein by setting
parameters of shape and thickness of the one or more dielectric material layers A2 covering the lower
electrode A1, two paths of signals are enabled to have equal amplitudes and opposite phases, so that
the two paths of signals are able to cancel each other or resonance generated after a radio frequency

signal is applied is prevented.

15. The MEMS structure-based adjustable capacitor according to claim 1, wherein N adjustable

unit capacitors constitute a combined capacitor;

a first composition manner of the combined capacitor is that N adjustable unit capacitors are
superposed longitudinally to form the combined capacitor, wherein the lower electrode A1 of each of
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N unit capacitors is connected to a working voltage pin of the combined capacitor by means of a lead-
out wire, and the upper electrode C1 of each of N unit capacitors is connected to a grounding pin of
the combined capacitor by means of a lead-out wire, each of adjustment electrodes C21 to C2N of
the N unit capacitors is respectively connected to one end of a corresponding one of N switches of
the upper plates C of the N unit capacitors by means of a lead-out wire, the other end of each of the
N switches is led out to a corresponding one of N adjustable voltage control pins of the combined
capacitor, N lower electrodes A1l are connected to a working voltage pin, and N upper electrodes C1

are connected to the ground;
or,

a second composition manner of the combined capacitor is that: in the combined capacitor, N
upper electrodes C1 are distributed on one upper plate C, and are connected to a grounding pin of the
combined capacitor by means of leads, N lower electrodes A1 are distributed on one lower plate A,
and are connected to a working voltage pin of the combined capacitor by means of leads; and each of
N adjustment electrodes C21 to C2N are connected to one end of a corresponding one of N switches
distributed on a control layer C4 through metal via holes, the other end of each of the N switches is
connected to a corresponding one of N adjustable voltage control pins of the combined capacitor, and
all the leads do not overlap with the upper electrode C1, the movable electrode B1 and the lower

electrode Al;
or,

a third composition manner of the combined capacitor is that M combined capacitors are laterally
expanded, and N combined capacitors each formed by M unit capacitors that are laterally expanded
are longitudinally superposed and expanded to form a combined capacitor; M upper electrodes C1 of
M unit capacitors at each layer of the combined capacitor are connected together by means of leads
and then are connected to a grounding pin of the combined capacitor, M lower electrodes Al are
connected together by means of leads and then are connected to a working voltage pin of the
combined capacitor, each of M adjustment electrodes C21 to C2M are respectively connected to one
end of a corresponding one of M switches, the other end of each of the M switches a respectively
connected to a corresponding one of M adjustable voltage control pins of the combined capacitor by

means of a lead, and the combined capacitor has M*N adjustable voltage pins in total.

16. The MEMS structure-based adjustable capacitor according to claim 15, wherein a bus
controller of each of N switches of a control layer C4 in the combined capacitor is connected to a
control bus, each of the N switches connected to the bus is allocated with an address, a bus control
protocol is used for specifically identifying each switch by means of the address, and an external or
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internal main controller controls the on/off of each switch by means of the address; the bus is
connected to a corresponding bus control pin outside a package of the MEMS structure-based
adjustable capacitor by means of a corresponding conductive wire, the conductive wire does not
overlap with the upper electrode C1 of an upper plate electrode layer, the movable electrode B1 of
the movable plate B and the lower electrode Al of a lower plate electrode layer, and an external
processor controls on/off of the N switches according to the address of each switch, so as to achieve
step adjustment of the combined capacitor and arbitrary adjustment of the capacitance value of the
combined capacitor; wherein an internal controller is connected to an external controller by means of
the bus, so as to transfer a magnitude of a required capacitance value of the MEMS structure-based

adjustable capacitor.

17. The MEMS structure-based adjustable capacitor according to claim 16, wherein a usage

mode of N adjustable unit capacitors in the combined capacitor is:

a working mode during initial use or reset use is: sequentially controlling, by a controller, a
switch matrix so that an adjustable voltage is applied or not applied to adjustment electrodes C2 on
an upper plate C of each adjustable unit capacitor, and a working voltage is applied or not applied to
a lower electrode A1 of each lower plate A, such that a capacitance value of each of the N adjustable
unit capacitors in the combined capacitor is a minimum value or a maximum value, to complete initial

set or reset;

after power on, in a case where the capacitance value of the combined capacitor reaches the
minimum, applying a working voltage to all the lower electrodes A1 of the combined capacitor, and
adjusting the total capacitance value of the combined capacitor to a desired capacitance value by
adjusting the controller to control on/off of switches of the switch matrix and adjusting or not
adjusting a magnitude of the adjustable voltage, while maintaining states of all switches of the switch

matrix and storing the states of all switches of the switch matrix;

after power on, in a case where the capacitance value of the combined capacitor reaches the
maximum, by controlling to apply an adjustable voltage to all adjustment electrodes of the combined
capacitor and to apply a working voltage to all the lower electrodes A1, controlling on/off of switches
of the switch matrix and adjusting or not adjusting a magnitude of the adjustable voltage, thereby
adjusting the total capacitance value of the combined capacitor to a desired capacitance value, while
maintaining states of all switches of the switch matrix, and storing the states of all switches of the

switch matrix;

in a case where the combined capacitor has been adjusted to a desired capacitance value, after
power on again, by recalling the states of the switches of the switch matrix from a main controller,
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adjusting the switch matrix to an on/off state of the switch matrix of the desired capacitance value of
the combined capacitor, and then applying the working voltage of the lower electrodes A1 and the
adjustable voltage of the adjustment electrodes, thereby achieving the desired capacitance value of
the combined capacitor, wherein after achieving the desired capacitance value, the capacitance value
of the combined capacitor is able to be further adjusted to a new capacitance value by controlling

on/off of corresponding switches in the switch matrix by the controller;

in a case where adjustment or change of a power on sequence and the capacitance value of the
adjustable unit capacitor, and the initial capacitance value have an effect on use of a circuit, designing
a protection measure in the circuit applying the combined capacitor, wherein the protection measure
is enabling the circuit to be in a working state after adjusting the capacitance value of the adjustable

capacitor to the required capacitance value.

18. The MEMS structure-based adjustable capacitor according to any one of claims 15-17,
wherein a package housing of the combined capacitor packages the N adjustable unit capacitors in a
sealed space, and an external working voltage pin, a grounding pin, adjustable voltage pins and a
control pin of the combined capacitor are respectively connected to the lower electrodes A1, the upper
electrodes C1, the adjustment electrodes and control switches on the upper plate C and the lower plate

A through leads and via holes, so as to achieve packaging of the N adjustable unit capacitors.

19. The MEMS structure-based adjustable capacitor according to claim 14, wherein a material
coating is welded on the surfaces of a power supply pin, the grounding pin and the control pin, and

the package housing is of a non-metallic material.

20. The MEMS structure-based adjustable capacitor according to any one of claims 15 to 19,
wherein each adjustable unit capacitor in the combined capacitor is able to be individually adjusted,
and a plurality of adjustable unit capacitors is able to be adjusted in any combination, so as to achieve
a plurality of step adjustments of the combined capacitor, and a exemplary implementation is that an
internal or external processor controls on/off of N radio frequency switches in a control layer C4, so
as to adjust the capacitance values of the N adjustable unit capacitors, thereby adjusting the

capacitance value of the combined capacitor.
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