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FILTER CIRCUIT, HEATING CIRCUIT, AND SEMICONDUCTOR PROCESSING 

APPARATUS 

TECHNICAL FIELD 

[0001] The present disclosure relates to the field of semiconductor device fabrication 

technology, and in particular, to a filter circuit, a heating circuit, and a semiconductor processing 

apparatus. 

BACKGROUND 

[0002] In semiconductor devices, plasma processing apparatuses for silicon etching processes 

typically employ an inductively coupled plasma (ICP) principle in which radio frequency (RF) 

energy from a RF power source is fed into a chamber to ionize a special gas (such as argon (Ar), 

helium (He), nitrogen (N2), etc.) under high vacuum conditions, to generate a plasma containing 

a large amount of active particles (electrons, ions, excited atoms and molecules, radicals, etc.).  

These active particles interact with a wafer that is placed in the chamber and exposed to the 

plasma environment to cause various physical and chemical reactions on the surface of the wafer 

material, thereby changing the surface properties of the wafer material and completing the 

etching process for the wafer. 

[0003] In the etching process of a large-sized wafer, one of significant technical indicators is 

process uniformity.  Factors that determines process uniformity include uniformity of multiple 

physical fields such as electric field, magnetic field, temperature, airflow field in the chamber, 

etc., where the temperature is a very critical factor.  For example, in an etching process for less 

than 90 nm, the existing electrostatic chuck usually has a single temperature zone, that is, there is 
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one zone for heating the wafer, which makes it impossible to compensate for the temperature 

difference on different regions of the wafer, thereby failing to achieve the effect of temperature 

on process uniformity.  With the development of smaller line-width processes, a dual-

temperature-zone electrostatic chuck or even a multiple-temperature-zone electrostatic chuck 

have become a key technology for silicon etching apparatus.  For example, the current 28-65nm 

silicon etching process requires the dual-temperature-zone electrostatic chuck. 

[0004] FIG. 1 is a schematic diagram of a heating circuit of a dual-temperature-zone electrostatic 

chuck.  As shown in FIG. 1, the dual-temperature-zone electrostatic chuck includes a heating 

layer for heating a wafer, an alternating current (AC) power source 22, and a temperature 

controller 23, where an inner-ring heater 20 and an outer-ring heater 21 are disposed in the 

heating layer to respectively heat a central region and an edge region of the wafer to a 

temperature required for the process.  The temperature controller 23 is for controlling an output 

power of the inner-ring-heater 20 and the outer-ring-heater 21, respectively.  The AC power 

source 22 is configured to provide electrical energy.  Under an influence of a high-frequency 

signal output by the downward RF power source electrically connected to the electrostatic chuck, 

a high-frequency signal is present at the heating layer terminal.  Therefore, it is usually necessary 

to provide a filter circuit 5 in the heating circuit for performing filtering the high-frequency 

signal on the heating layer terminal, to prevent high frequency signals from being transmitted to 

the temperature controller 23 and the AC power source 22 through the heating circuit, causing 

damages to the device. 

[0005] Referring to FIG. 1 again, the filter circuit 5 includes four inductor branches, each of 

which is connected in parallel with a capacitor branch.  Each inductor branch is connected in 

series between a load (the inner-ring-heater 20 or the outer-ring-heater 21) and the AC power 
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source 22.  The AC signal output by the AC power source 22 reaches the heating layer through 

the filter circuit 5.  The filter circuit 5 forms a low-pass filter circuit by passive components such 

as an inductor L, a capacitor C, etc. 

[0006] In practical applications, the filter circuit 5 described above inevitably has the following 

problems. 

[0007] First, two inductors are required to be provided in corresponding inductor branch for each 

load, and the two inductors are respectively connected in series with the two terminals of the 

load to avoid any high-frequency interference signal transmitted through either terminal of the 

load to the AC power source 22, which results in a large number of components included in the 

filter circuit 5, thereby not only increasing the volume of the filter circuit, but also increasing the 

device cost of the filter circuit. 

[0008] Second, two inductor branches and two capacitor branches are required to be configured 

for each load.  For example, if the electrostatic chuck has four temperature zones, the filter 

circuit needs to be configured with eight inductor branches and eight capacitor branches, which 

further increase the volume of the filter circuit, and increase the number of components and the 

device cost in the filter circuit 5. 

SUMMARY�

[0009] With respect to the above technical problems existing in the existing technology, the 

present disclosure provides a filter circuit, a heating circuit, and a semiconductor processing 

apparatus.  The filter circuit can not only reduce the volume of the filter circuit, save space, and 
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realize the miniaturization of the filter circuit, but also reduce the number of components in the 

filter circuit and reduce the device cost of the filter circuit. 

[0010] The present disclosure provides a filter circuit connected between a heating source and a 

load for filtering the load.  The filter circuit includes an inductor branch and a capacitor branch 

connected in parallel, where the inductor branch includes a one-piece structured integrated 

component.  The integrated component is configured with a transformer function member and an 

inductor function member, where the inductor function member is connected in series between 

the heat source and the pressure transformer function member for performing filtering for the 

load.  The voltage transformation function is connected in parallel with the load for transmitting 

a heating electrical signal output by the heating source to the load. 

[0011] Preferably, the transformer function member includes a first magnetic core in a closed 

loop, and the first magnetic core includes a first side and a second side opposite to each other, 

where a primary coil is wound on the first side, and a secondary coil is wound on the second 

side; and two terminals of the secondary coil are respectively connected to the positive and 

negative poles of the load.  The inductor function member includes two second magnetic cores, 

which are respectively connected to terminals of the first side and form a non-closed open ring 

with the first side.  Inductive coils are wound on the two secondary coils, and one terminal of 

each of the two inductive coils on the two second magnetic cores is respectively connected to 

two ends of the primary coil.  Another terminal of each of the two inductive coils on the two 

second magnetic cores is respectively connected to the positive and negative terminals of the 

heating source. 
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[0012] Preferably, the second magnetic cores have columnar shapes; the two second magnetic 

cores are parallel to each other, and one terminal of each of the two magnetic cores is 

respectively connected to a terminal of the first side. 

[0013] Preferably, the first magnetic core and the second magnetic core are fabricated by using a 

ferromagnetic material, and an application frequency of the ferromagnetic material ranges from 

400 kHz to 100 MHz. 

[0014] Preferably, the ferromagnetic material includes a nickel-zinc ferromagnetic material, and 

a relative magnetic permeability of the nickel-zinc ferromagnetic material ranges from 100 to 

400, and a Curie temperature of the nickel-zinc ferromagnetic material ranges from 350-450 °C, 

and an application frequency of the nickel-zinc ferromagnetic material ranges less than 20 MHz. 

[0015] Preferably, a number of turns of the primary coil is greater than or equal to a number of 

turns of the secondary coil. 

[0016] Preferably, an inductance value of the inductor function member ranges from 40 �H to 

100 �H. 

[0017] Preferably, numbers of turns of the inductive coils on the two second magnetic cores are 

equal, and the inductance values of the inductive coils on the two second magnetic cores are 

equal. 

[0018] Preferably, the capacitor branch includes at least two branches, and the inductor function 

member in each of the inductor branches is connected in parallel with at least one of the 

capacitor branches. 



6 

[0019] Preferably, the capacitor branch includes a capacitor, and the capacitor uses a ceramic 

capacitor. 

[0020] As another technical solution, the present disclosure further provides a heating circuit for 

heating a chuck that carries the workpiece to be processed, and separately controlling 

temperatures of different temperature zones of the chuck.  The heating circuit includes a heating 

source and a load, where the heating source is configured to supply electric energy for heating 

the load, the number of the load is consistent with the number of temperature zones of the chuck, 

and is set in one-to-one correspondence.  The heating circuit further includes the filtering circuit 

provided by the present disclosure.  An input terminal of the filter circuit is connected to the 

heating source, and an output terminal of the filter circuit is connected to the load for filtering the 

load. 

[0021] As another technical solution, the present disclosure also provides a semiconductor 

processing apparatus including a chuck for carrying a workpiece to be processed, and a heating 

circuit for controlling temperatures of different temperature zones of the chuck, the heating 

circuit adopting the above heating circuit provided by the present disclosure. 

[0022] The disclosure has the following beneficial effects. 

[0023] The filter circuit provided by the present disclosure has a one-piece structured integrated 

component, and the integrated component is configured with a transformer function member and 

an inductor function member.  The inductor function member is connected in series between the 

heat source and the transformer function member to filter the load.  The transformer function 

member is connected in parallel with the load to transmit the heating electric signal output by the 

heating source to the load.  The above-mentioned inductor branch adopts the above-mentioned 
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integrated component, and the integrated component adopts an integrated structure integrating a 

transformation function and an inductance function, so as to reduce the number of components in 

the filter circuit, thereby not only reducing the volume of the filter circuit, but also saving space.  

Moreover, the device cost of the filter circuit can also be reduced.  At the same time, since one 

load only corresponds to one inductor branch, compared with the two inductor branches 

corresponding to one load in the existing, the volume of the inductor branch can be greatly 

reduced under the same inductance performance requirement.  Therefore, the volume of the filter 

circuit can be further reduced, and the need for miniaturization of the filter circuit can be 

realized. 

[0024] The heating circuit provided by the disclosure employs the forgoing filter circuit provided 

by the present disclosure, to reduce the volume of the filter circuit, save space, realize the 

miniaturization of the filter circuit, reduce the number of components in the filter circuit, and 

reduce the device cost of the filter circuit. 

[0025] The semiconductor processing apparatus provided by the disclosure employs the forgoing 

heating circuit provided by the present disclosure, to reduce the volume of the filter circuit, save 

space, realize the miniaturization of the filter circuit, reduce the number of components in the 

filter circuit, and reduce the device cost of the filter circuit. 

DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic circuit diagram of a heating circuit of a dual-temperature-zone 

electrostatic chuck in the existing technology; 
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[0027] FIG. 2 is a schematic circuit diagram of a filter circuit according to Embodiment 1 of the 

present disclosure; 

[0028] FIG. 3 is a schematic structural diagram of the inductor branch of FIG. 2; and 

[0029] FIG. 4 is a schematic circuit diagram of a heating circuit in Embodiment 2 of the present 

disclosure. 

REFERENCE NUMERALS FOR MAIN COMPONENTS 

[0030] The reference numerals are as follows: 

[0031] 1--heating source; 11--heating power source; 12--temperature control circuit; 2--load; 3--

inductor branch; 4--capacitor branch; 5--filter circuit; 31--transformer function member; 311--

primary coil; 312--secondary coil; 32--inductor function member; 300--first magnetic core; 301--

first side; 302--second side; 321--second magnetic core; T1--primary coil; T2--secondary coil; 

T3--inductive coil; C--capacitor; 20--inner-ring-heater; 21--outer-ring-heater; 22--AC power 

source; 23--temperature controller; L. inductor. 

DETAILED DESCRIPTION 

[0032] In order to enable those skilled in the art to better understand the technical solutions of 

the present disclosure, a filter circuit, a heating circuit and a semiconductor processing apparatus 

provided by the present disclosure are further described in detail below with reference to the 

accompanying drawings and specific embodiments. 

[0033] Embodiment 1 



9 

[0034] FIG. 2 is a schematic circuit diagram of a filter circuit according to Embodiment 1 of the 

present disclosure.  FIG. 3 is a schematic structural diagram of the inductor branch of FIG. 2.  As 

shown in FIG. 2 and FIG. 3, the present embodiment provides a filter circuit connected between 

the heating source 1 and the load 2 for filtering the load 2.  The filter circuit includes an inductor 

branch and a capacitor branch 4 connected in parallel.  The inductor branch includes a one-piece 

structured integrated structure 3, the integrated component 3 is configured with a transformer 

function member 31 and an inductor function member 32.  The inductor function member 32 

corresponds to an inductive element, which is connected in series with the heating source 1 and 

the transformer function members 31, and configured to filter the load 2.  The transformer 

function member 31 corresponds to a transformer element that is connected in parallel with the 

load 2 and configured to transmit the heating electric signal output by the heat source 1 to the 

load 2. 

[0035] In the present embodiment, the heating source 1 includes a heating power source 11 and a 

temperature control circuit 12, where the heating power source 11 is configured to supply a 

heating electric signal to the load 2 and the temperature control circuit 12 is configured to control 

the temperature of the load 2.  During the semiconductor processing process, the chuck (such as 

an electrostatic chuck) for carrying the workpiece to be processed is usually electrically 

connected to the downward RF power source, and the downward RF power source is used to 

load the RF voltage to the chuck, which causes the load 2 to generate a high frequency.  The 

frequency of the high frequency signal is less than or equal to the radio frequency of the 

downward RF power source, which may cause high frequency signal interference or damage to 

the heating source 1.  For this reason, the high-frequency signal generated at the end of the load 2 

can be filtered by the inductor function member 32, so that the high-frequency signal does not 
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cause interference and damage to the heating source 1.  At the same time, by means of the 

transformer function member 31, the heating electric signal output by the heating source 1 can be 

transmitted to the load 2, so as to heat the load 2. 

[0036] By adopting the above-mentioned integrated component 3, the integrated component 3 

adopts a one-piece structure integrating the functions of the transformer element and the 

inductance element, thereby reducing the number of components in the filter circuit, which can 

not only reduce the volume of the filter circuit, and save space, but also reduce the device cost of 

the filter circuit.  In addition, one load 2 only corresponding to one inductor branch (i.e., one 

integrated component), compared with the two inductor branches corresponding to one load in 

the existing technology, in the case of achieving the same inductance performance requirement, 

can reduce the volume of the inductor branch, thereby further reducing the volume of the filter 

circuit and satisfying the requirement of the miniaturization of the filter circuit. 

[0037] In the present embodiment, as shown in FIG. 3, the integrated structure employed in the 

integrated component 3 has an “R” shape, and the integrated component 3 is configured with a 

transformer function member 31 serving as a transformer element and an inductor function 

member 32 serving as an inductor element.  The transforming function member 31 includes a 

first magnetic core 300, and the first magnetic core 300 has a closed loop shape, for example, a 

quadrangular ring shape.  Moreover, the first magnetic core 300 includes a first side 301 and a 

second side 302 disposed opposite to each other.  A primary coil 311 (including a multi-turn 

windings T1) is wound on the first side 301, and a secondary coil 312 (including a multi-turn 

winding T2) is wound on the second side 302.  Both terminals of the secondary coils 312 are 

respectively connected to the positive terminal and the negative terminal of the load 2.  The 

primary coil 311 and the secondary coil 312 use a magnetic coupling method to transmit the 
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heating electric signal to the load 2.  This coupling method can reduce the contact point of the 

circuit, which improves the heat generation problem caused by the contact impedance and 

reduces the energy loss. 

[0038] The inductor function member 32 includes two second magnetic cores 321 respectively 

connected to the terminals of the first side 301 and forming a non-closed open loop with the first 

side edges 301.  The two second secondary magnetic core 321 are respectively wound with 

inductive coils T3.  One terminal of each of the inductive coils T3 on the two second magnetic 

cores 321 is respectively connected to both terminals of the primary coil 311, and another 

terminal of each of the inductive coils T3 on the two second magnetic cores 321 is respectively 

connected to the positive and negative terminals of the heating source 1. 

[0039] Preferably, the second magnetic core 321 has a columnar shape, and the two second 

magnetic cores 321 are parallel to each other, and one terminal of the second magnetic cores 321 

are respectively connected to the terminals of the first side 301.  As such, the overall structure of 

the above integrated components is more compact, thereby greatly reducing the volume of the 

inductor branch, and saving the space occupied by the entire filter circuit. 

[0040] Taking the filter circuit of a dual-temperature-zone electrostatic chuck in as an example, 

in the existing technology, the inductor branch in the filter circuit uses a conventional inductor, 

and each conventional inductor has a diameter of 35 mm, a length of 140 mm, and a winding 

diameter of 1.5 mm; and the capacitor branch in the filter circuit uses standard high-voltage 

ceramic capacitors, which are 15 mm long, 10 mm wide and 3 mm high.  Four filter branches 

consisting of a traditional inductor and a capacitor are required to be configured in the filter 
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circuit, and four filter branches form a total filter circuit box, where the size of the filter circuit 

box is: 420*210*105 (length*width*height) mm. 

[0041] In contrast, in the present embodiment, the integrated component 3 has a one-piece 

structure and has an “R” shape.  In the “R”-shaped structure, the outer ring edge of the first 

magnetic core 300 of the closed loop has a length of 48 mm, a width of 32 mm, and a height of 8 

mm; and the inner core 300 has an inner ring length of 16 mm, a width of 16 mm, a height of 8 

mm, and a winding diameter of 1.5 mm.  In the embodiment, the filter circuit needs to be 

configured with two filter branches composed of the “R”-shaped integrated component 3, and the 

two filter branches form a total filter circuit box. 

[0042] By comparison, in the case where the volume of the capacitor branch in this embodiment 

is the same as the volume of the capacitor branch in the existing technology, the size of the filter 

circuit box in this embodiment is 64*48*24 (length*width*height) mm, which is much smaller 

than the size of the filter circuit box in the existing technology.  Meanwhile, the filter circuit in 

this embodiment requires only two “R”-shaped integrated components 3 and uses fewer 

components than the number (four) of the conventional inductors used in the filter circuit in the 

existing technology.  Therefore, in the case where the number of capacitors in the embodiment is 

the same as the number of capacitors in the existing technology, the number of components used 

in the filter circuit and the number of filter branches in the embodiment are both reduced by half, 

thereby not only significantly reducing the volume of the filter circuit and saving the space 

occupied by the entire filter circuit, but also reducing the cost of the device. 

[0043] Preferably, the first magnetic core 300 and the second magnetic core 321 are prepared by 

using a ferromagnetic material, and the application frequency of the ferromagnetic material 
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ranges from 400 kHz to 100 MHz.  Since the magnetic core of the ferromagnetic material does 

not reach saturation in the frequency range, the magnetic flux of the magnetic core can vary 

normally in the frequency range, and the frequency of the high-frequency signal generated at the 

terminals of the load is substantially within the application frequency range.  Therefore, the 

second magnetic core 321 using the ferromagnetic material serves as the inductor function 

member 32 can well filter out the high frequency signal.  In addition, the ferromagnetic material 

has a wide application frequency range, and the inductor function member 32 using the magnetic 

core material can substantially filter high frequency signals of various frequencies that may be 

generated in the semiconductor processing process. 

[0044] Further preferably, the ferromagnetic material is a nickel-zinc ferromagnetic material, the 

relative magnetic permeability of the nickel-zinc ferromagnetic material ranges from 100 to 400, 

and the Curie temperature of the nickel-zinc ferromagnetic material ranges from 350 to 450 °C, 

and the application frequency ranges from less than 20 MHz.  The inductor function member 32 

using the magnetic core material can well filter the high frequency signal (such as the signal of 

13.56 MHz) at the terminals of the load 2, thereby avoiding interference of the high frequency 

signal on the heating source 1.  The inductance value of the inductor function member 32 using 

the magnetic core material does not have a large fluctuation with temperature, thereby making 

the filtering performance of the entire filter circuit more stable. 

[0045] Preferably, the number of turns of the primary coil 311 (i.e., the number of windings T1) 

is greater than or equal to the number of turns of the secondary coil 312 (i.e., the number of 

windings T2).  For example, the ratio of the number of turns of the primary coil 311 to the 

number of turns of the secondary coil 312 is 1:1, 2:1, 3:1, or 10:1 etc.  As such the load 2 can 
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obtain a larger heating current, which facilitates the load 2 to the rapidly heat the corresponding 

temperature zone of the electrostatic chuck. 

[0046] Preferably, the inductance value of the inductor function member 32 ranges from 40 �H 

to 100 �H.  The actual inductance value of the inductor function member 32 is related to the 

frequency of the high frequency signal to be filtered.  The inductor function member 32 with the 

inductance value in this range can well filter high frequency signals of various frequencies that 

may be generated in the semiconductor processing process.  The frequencies of high frequency 

signals that may be generated in the semiconductor processing process are, for example, 13.56 

MHz, 400 KHz, 2 MHz, 27.12 MHz, 40 MHz, 60 MHz, 100 MHz, etc. 

[0047] It should be noted that the inductance value of the inductor function member 32 for 

filtering at the time of design can be calculated and determined according to the following 

Equation (1): 

[0048] 
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[0049] where r is the radius of the inductive coil T3, l is the length of the inductive coil T3, N is 

the number of turns of the inductive coil T3, u0 is the vacuum permeability constant, and ur is the 

relative permeability of the second magnetic core 321. 

[0050] By adjusting the radius, the length and the number of turns of the inductor T3, the 

magnitude of the inductance value of the inductor function member 32 for filtering can be 

adjusted, thereby reducing the number of the inductor function members 32, thereby reducing the 

inductor branches and even the entire volume of the filter circuit. 
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[0051] Preferably, the numbers of turns of the inductor T3 on the two second magnetic cores 321 

are equal, and the inductance values of the inductors T3 on the two second magnetic cores 321 

are equal.  Of course, in practical applications, the inductance values of the inductor T3 on the 

two second magnetic cores 321 may not be equal, as long as the filter circuit can filter the high 

frequency signal generated at the terminal of the load 2. 

[0052] Preferably, there are at least two capacitor branches 4, and the inductor function member 

32 in each of the inductor branches is connected in parallel with the at least one capacitor branch 

4.  Preferably, there are two capacitor branches 4 in the embodiment, and the inductor function 

member 32 in each of the inductor branches is connected in parallel with a capacitor branch 4.  

The capacitor branch 4 includes a capacitor C, and the capacitor C employs a ceramic capacitor.  

Ceramic capacitors have a high withstand voltage range (e.g., the withstand voltages greater than 

1 kV), which satisfies the performance requirements of filter capacitors in the filter circuit.  The 

capacitance value of the capacitor C can be specifically determined according to the frequency of 

the high frequency signal to be filtered out. 

[0053] It should be noted that, in practical applications, the capacitor branch 4 may also include 

a resistor, and the resistor is connected in series with the capacitor C for filtering the high 

frequency signal.  The resistance value of the resistor is also determined based on the frequency 

of the high frequency signal to be filtered out. 

[0054] In summary, when the inductance performance requirement is met, the filter circuit 

provided by the embodiment of the present disclosure can not only greatly reduce the volume of 

the inductor branch, thereby saving the space occupied by the entire filter circuit and satisfying 

the requirement of miniaturizing the filter circuit, but also can reduce the volume of the filter 
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circuit, save space, reduce the number of components in the filter circuit, and reduce the device 

cost of the filter circuit. 

[0055] Embodiment 2 

[0056] As shown in FIG. 4, an embodiment of the present disclosure provides a heating circuit 

for heating different temperature zones of a chuck (such as an electrostatic chuck, for carrying a 

workpiece to be processed), and separately controlling temperatures of different temperature 

zones of the chuck.  The heating circuit comprises a heating source 1, a load 2 and a filter circuit, 

where the heating source 1 is configured to supply a heating power to the load 2.  The heating 

source 1 includes a heating power source 11 and a temperature control circuit 12, where the 

heating power source 11 is configured to provide a heating electrical signal to the load 2, and the 

temperature control circuit 12 is configured to control the temperature of the load 2.  A number 

of the load 2 and a number of the temperature zones of the chunk, and are arranged in a one-to-

one correspondence.  That is, each temperature zone of the chuck is correspondingly provided 

with a load 2. 

[0057] The heating power source 11 and the temperature control circuit 12 may malfunction 

resulting from being easily interfered by the high-frequency signal at the terminals of the load 2.  

The high-frequency signal can be filtered by setting the filter circuit.  The filter circuit adopts the 

filter circuit 5 provided by the above embodiment of the present disclosure.  The input terminal 

of the filter circuit 5 is connected to the heating source 1, and the output terminal is connected to 

the load 2 for filtering the load 2.  Moreover, there are a plurality of filter circuits 5, and a 

number of the filter circuits corresponds to a number of the loads 2.  Each of the filter circuits 5 

is respective connected to each of the loads 2 in a one-to-one correspondence.  In this 



17 

embodiment, two temperature zones are disposed on the chuck, and correspondingly, as shown 

in FIG. 4, there are two loads 2, and two filter circuits 5, and the two filter circuits 5 are 

respectively configured to filter the two loads 2. 

[0058] By adopting the above-mentioned filter circuit 5, the heating circuit provided by the 

embodiment of the disclosure can not only reduce the volume of the filter circuit, save space, and 

satisfy the requirement of miniaturization of the filter circuit, but also reduce the number of 

components in the filter circuit and reduce the device cost of filter circuit. 

[0059] Embodiment 3 

[0060] Embodiments of the present disclosure provide a semiconductor processing apparatus 

including a chuck for carrying a workpiece to be processed, and a heating circuit for controlling 

temperatures of different temperature zones of the chuck.  The heating circuit adopts the heating 

circuit provided by the embodiment of the present disclosure. 

[0061] By adopting the heating circuit provided by the embodiment of the disclosure, the 

disclosure can not only reduce the volume of the filter circuit, save space, and satisfy the 

requirement of miniaturization of the filter circuit, but also reduce the number of components in 

the filter circuit and reduce the device cost of the filter circuit. 

[0062] It is to be understood that the above embodiments are merely exemplary embodiments 

employed to explain the principles of the disclosure, but the disclosure is not limited thereto.  

Various modifications and improvements can be made by those skilled in the art without 

departing from the spirit and scope of the disclosure, and such modifications and improvements 

are also considered to be within the scope of the disclosure.�  
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A filter circuit connected between a heating source and a load, and configured to 

filter the load; the filter circuit comprising an inductor branch and a capacitor branch connected 

in parallel, characterized in that, the inductor branch includes a one-piece structured integrated 

component, and the integrated component is configured with a transformer function member and 

an inductor function member, wherein: 

the inductor function member is connected in series between the heating source and the 

transformer function member for filtering the load; and 

the transformer function member is connected in parallel with the load and configured to 

transmit a heating electrical signal output by the heating source to the load. 

 

2. The filter circuit according to claim 1, characterized in that, the transformer 

function member comprises a first magnetic core in a closed loop, the first magnetic core 

including a first side and a second side disposed opposite to each other, wherein a primary coil is 

wound on the first side, a secondary coil is wound on the second side; and two terminals of the 

secondary coil are respectively coupled to a positive terminal and a negative terminal of the load; 

and 

the inductor function member includes two second magnetic cores respectively connected 

to the terminals of the first side and forming a non-closed open loop with the first side; and 

inductive coils are respectively wound on the two second magnetic cores, and one terminal of 

each of the inductive coils on the two second magnetic core is respectively connected to two 

terminals of the primary coil, and another terminal of each of the inductive coils on the two 
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second magnetic cores is respectively connected to the positive and negative terminals of the 

heating source. 

 

3. The filter circuit according to claim 2, characterized in that, the second magnetic 

core has a columnar shape; the two second magnetic cores are parallel to each other, and one 

terminal of each of the two magnetic cores is respectively connected to terminals of the first side. 

 

4. The filter circuit according to claim 2, characterized in that, the first magnetic 

core and the second magnetic core are fabricated using a ferromagnetic material, and an 

application frequency of the ferromagnetic material ranges from 400 KHz-100MHz. 

 

5. The filter circuit according to claim 4, characterized in that, the ferromagnetic 

material comprises a nickel-zinc ferromagnetic material, and a relative magnetic permeability of 

the nickel-zinc ferromagnetic material ranges from 100 to 400, a Curie temperature of the zinc-

iron ferromagnetic material ranges from 350 to 450 °C, and an application frequency of the 

nickel-zinc ferromagnetic material ranges from less than 20 MHz. 

 

6. The filter circuit according to claim 2, characterized in that, a number of turns of 

the primary coil is greater than or equal to a number of turns of the secondary coil. 

 

7. The filter circuit according to claim 2, characterized in that, an inductance value 

of the inductor function member ranges from 40 �H to 100 �H. 
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8. The filter circuit according to claim 2, characterized in that, numbers of turns of 

the inductive coils on the two second magnetic cores are equal, and inductance values of the 

inductive coils on the two second magnetic cores are equal. 

 

9. The filter circuit according to any one of claims 1-8, characterized in that, the 

capacitor branch comprises at least two branches, the inductor function member in each of the 

inductor branches is connected in parallel with at least one of the capacitor branches. 

 

10. The filter circuit according to any one of claims 1-8, characterized in that, the 

capacitor branch comprises a capacitor, and the capacitor is a ceramic capacitor. 

 

11. A heating circuit, configured to heat a chuck that carries a workpiece to be 

processed and separately controlling temperatures of different temperature zones of the chuck, 

the heating circuit comprising a heating source and a load, the heating source being configured to 

provide electrical energy for heating the load, a number of the loads being equal to a number of 

temperature zones of the chuck, and being arranged in a one-to-one correspondence, 

characterized in that, the heating circuit further comprises the filter circuit according to any one 

of claims 1-10, an input terminal of the filter circuit is connected to the heating source, and an 

output terminal of the filter circuit is connected to the load for filtering the load. 

 

12. A semiconductor processing apparatus, comprising a chuck for carrying a 

workpiece to be processed, and a heating circuit for controlling a temperature of a different 
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temperature zone of the chuck, characterized in that, the heating circuit adopts the heating circuit 

according to claim 11.  


