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HEATING DEVICE AND HEATING CHAMBER

FIELD OF THE DISCLOSURE

The present disclosure relates to the technical field of semiconductor device processing

and, more particularly, relates to a heating device and a heating chamber.5

BACKGROUND

As a common processing technology in the semiconductor field, the physical vapor

deposition (PVD) technology such as a magnetron sputtering process is often performed in a

vacuum chamber. Further, a heating device is disposed in the vacuum chamber. The

heating device includes a base configured to bear a substrate, and a heating assembly. The10

heating assembly is configured to heat the substrate and later maintain temperature, such that

the temperature needed by the sputtering process may be reached.

One existing heating device is an electrical resistance heater. An electrical resistance

wire is disposed in the base, and the heat generated by the electrical resistance wire is

transferred to the substrate through the base, thereby heating the substrate. In order to15

improve the thermal conduction efficiency and enhance heat uniformity, a back-blow pipe is

further disposed in the base to supply an inert gas (e.g., argon) into the gap between the base

and the substrate. Further, the electrical resistance heater further includes a thermocouple to

detect the temperature of the base for the purpose of control.

The following issues inevitably exist in the practical application of the electrical20

resistance heater.

First, the heating efficiency of the electrical resistance heater is relatively low, and the

temperature of the substrate rises slowly, thereby lowering the production efficiency. In

particular, for a high temperature PVD process, after being transferred to a processing

chamber, the substrate is required to be heated rapidly to and maintained at a temperature25

required by the process. After the process ends, the temperature of the substrate is expected

to be decreased rapidly below a tolerable temperature of the robot arm, thereby ensuring that

the robot arm may perform normal fetching and placing operations of the substrate. Thus,

the existing electrical resistance heater fails to meet the requirement of fast heating and

cooling for the high temperature PVD process.30
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Second, because the thermocouple acquires the temperature of the substrate indirectly by

measuring the temperature of the base, and a difference (the difference is at least 100℃) in 

temperature exists between the base and the substrate due to factors such as the thermal

conduction efficiency, the accuracy of the temperature control of the substrate is relatively

low.5

To solve the aforementioned issues, often a heating bulb is utilized to assist the electrical

resistance heater to heat the substrate in a thermal radiation manner. Specifically, Fig. 1 is a

structural schematic diagram of an existing PVD apparatus. Referring to Fig. 1, the PVD

apparatus includes a heating chamber 10, and a sealed quartz window 13 is disposed inside

the heating chamber 10. The heating chamber 10 is divided into an upper sub-chamber and a10

lower sub-chamber by the sealed quartz window 13. A base 11 for bearing a substrate is

disposed in the lower sub-chamber, and an electrical resistance wire 111 is disposed inside the

base 11 to heat a substrate 14 disposed on the base 11. For the temperature of the substrate

14 to rise quickly and to improve the processing efficiency, heating bulbs 12 are disposed at

the top of the upper sub-chamber, thereby heating the substrate 14 configured at a surface of15

the base 11 in a thermal radiation manner via the sealed quartz window 13. Fig. 2 is a

cross-sectional view along line A-A of Fig. 1, and as shown in Fig. 2, the heating bulbs 12 are

arranged along a circumferential direction of the heating chamber 10.

In practical applications, the aforementioned heating device inevitably has the following

issues.20

First, because the heating bulbs 12 can only be used in an atmospheric environment, the

heating bulbs 12 may only use a top-heating mode. That is, thermal radiation is performed

from above the substrate. Such heating method has a small application range. For example,

such heating method may not be applied to a magnetron sputtering chamber having a target

material at the top thereof.25

Second, because the heating bulbs 12 can only be used in an atmospheric environment,

the heat loss is relatively high, which is particularly significant when high temperature heating

(above 500℃) is performed.  Accordingly, the heating efficiency is relatively low and 

high-temperature heating cannot be maintained. Further, the heating bulbs 12 have to heat

the substrate 14 indirectly via the sealed quartz window 13, resulting in heat loss. Such step30

further reduces the heating efficiency.

BRIEF SUMMARY OF THE DISCLOSURE
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To address the aforementioned technical issues, the present disclosure provides an

improved heating device and a heating chamber. The heating device and heating chamber

not only have a relatively high heating efficiency, but may also be applied in a vacuum

environment or an atmospheric environment, thereby expanding the application range.

A technical solution adopted to address the aforementioned technical issues is to provide5

a heating device. The heating device includes a base plate, at least three supporting columns

and a heating assembly. The at least three supporting columns are arranged vertically on the

base plate and are distributed at intervals along a circumferential direction of the base plate.

Further, top ends of the at least three supporting columns form a bearing surface for

supporting a to-be-heated member. The heating assembly includes a heating light tube and a10

thermal radiation shielding assembly, where the heating light tube is disposed above the base

plate and located below the bearing surface and is configured to radiate heat towards the

bearing surface. Further, a projection of an effective heating area formed by the uniform

distribution of the heating light tube on the base plate covers a projection of the bearing

surface on the base plate. The thermal radiation shielding assembly is configured to shield15

the heat radiated by the heating light tube towards the surroundings and the bottom of the

heating light tube.

Preferably, the heating light tube includes a heating section, and two non-heating

sections located at two ends of the heating section. A heating wire configured to generate

heat is disposed in the heating section, and an area where the heating wire is located is the20

effective heating area. Conductive wires respectively connected to two ends of the heating

wire are disposed in each non-heating section and serve as positive and negative electrodes of

the heating light tube.

Preferably, a shape and size of the effective heating area are obtained by configuring a

shape of the heating light tube and a length of the heating wire.25

Preferably, a shape of the effective heating area corresponds to a shape of the bearing

surface.

Preferably, the number of the heating light tubes is plural. The plurality of heating light

tubes may each be a straight tube, and are arranged in parallel to each other at equal intervals.

Or, each heating light tube includes an arc-shaped portion and straight-line portions connected30

to two ends of the arc-shaped portion. The arc-shaped portions of the heating light tubes are

concentric, have different radii, and are arranged at equal intervals. The straight-line
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portions of the heating light tubes are arranged in parallel to each other at equal intervals.

Preferably, the heating light tubes are divided into a plurality of heating groups based on

different areas of the bearing surface. Further, the heating light tubes in a same heating

group are electrically connected, and the heating light tubes in different heating groups are

shielded from each other.5

Preferably, the heating device further includes a heating control system, and the heating

control system includes a temperature detector, a temperature controller, an adjustment

controller and a plurality of power controllers. The temperature detector is configured to

detect a real-time temperature at any position of the to-be-heated member in an execution

stage of the heating process and transmit the real-time temperature to the temperature10

controller. The temperature controller is configured to generate a control signal based on the

real-time temperature transmitted from the temperature detector and a preset target

temperature, and send the control signal to the adjustment controller. The adjustment

controller is configured to respectively obtain a plurality of control sub-signals corresponding

to the heating groups based on the control signal and a heating weighting function, and send15

the control sub-signals to the power controllers in a one-to-one correspondence. The number

of the power controllers corresponds to the number of the heating groups, and each power

controller is configured to adjust the heating power of the heating light tubes in the heating

group corresponding to the power controller based on the control sub-signal.

Preferably, the heating weighting function is established in a preset stage by trial and20

error based on a temperature distribution of the to-be-heated member.

Preferably, the heating weighting function is:

if Tmeas < Tp – T, Un=U;

if Tmeas ≥ Tp – T, Un=fn (U) = knU+b; 

where n is an integer larger than 0 and smaller than or equal to N, and N is the number of25

the heating groups;

Tmeas is the real-time temperature detected by the temperature detector;

Un represents the control sub-signal corresponding to an nth heating group;

U represents the control signal;

fn (U) represents a preset correspondence rule corresponding to the nth heating group;30



5

Tp is the preset target temperature;

T is a preset threshold temperature;

kn is a weighting coefficient corresponding to the nth heating group; and

b is a constant.

Preferably, in the preset stage, during the process of establishing the heating weighting5

function, temperature detection points are configured in areas of the bearing surface where the

heating groups are located in a one-to-one correspondence; and during a detection process, the

real-time temperature of each temperature detection point is detected. If the real-time

temperature detected at any one of the temperature detection points is close to the preset target

temperature, the temperature distribution condition of the to-be-heated member is obtained10

based on the real-time temperature of each temperature detection point detected at a current

moment. Further, the heating weighting function is established based on the temperature

distribution condition, such that the difference in temperature between different areas of the

to-be-heated member satisfies the requirement of a process on temperature uniformity.

Preferably, among the at least three supporting columns, at least one supporting column15

is used as the thermocouple of the temperature detector, and each thermocouple is located in

the areas of the bearing surface where the heating groups are located in a one-to-one

correspondence.

Preferably, the number of the heating light tube is one, and the one heating light tube is a

planar spiral tube with equal intervals.20

Preferably, the thermal radiation shielding assembly includes a first shielding member

including a first horizontal part and a first vertical part. The first horizontal part is located

below the heating light tube and covers the effective heating area. The first vertical part is

connected to the first horizontal part and surrounds the heating section of the heating light

tube. Further, a top end of the first vertical part is higher than the heating light tube. The25

thermal radiation shielding assembly further comprises a second shielding member including

a second horizontal part and a second vertical part. The second vertical part surrounds the

bearing surface, and the top end of the second vertical part is higher than the bearing surface.

The second horizontal part surrounds an outer side of the second vertical part, and a plane

where the second horizontal part is located is higher than the first vertical part and the heating30

light tube.
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Preferably, the number of the first shielding members is plural, and the first vertical parts

of the first shielding members are arranged at intervals along a direction parallel to the

bearing surface. The first horizontal parts of the first shielding members are arranged at

intervals along a direction perpendicular to the bearing surface.

Preferably, surfaces of the first horizontal part, the first vertical part, the second5

horizontal part and the second vertical part facing towards the heating light tube are

respectively polished or plated to improve light reflectivity.

Preferably, surfaces of the first horizontal part, the first vertical part, the second

horizontal part and the second vertical part facing towards the heating light tube include

planar surfaces or curved surfaces.10

Preferably, materials of the first shielding member and the second shielding member

include molybdenum, stainless steel or quartz.

Preferably, the heating device further includes two electrodes disposed on the base plate

that are close to a central position of the base plate. The upper and lower ends of the

electrodes are located above and below the base plate, respectively. The heating device15

further includes two electric connectors located between the thermal radiation shielding

assembly and the base plate. One end of each electric connector is respectively and

electrically connected to each electrode, and the other end of each electric connector is

electrically connected to the heating light tube.

Preferably, the heating device further includes: a first electric shielding member20

surroundingly located on the base plate and has a first closed space to shield the electric fields

generated at the connecting portion between the electric connectors and the light heating tube;

and a second electric shielding member that covers the connecting portion between the

electrodes and the electric connectors to form a second closed space, and is configured to

respectively shield the electric fields generated at the connecting portions between the25

electrodes and the electric connectors.

Preferably, the heating light tube is a short-wave infrared light tube.

Preferably, a cooling channel is disposed in the based plate to cool the base plate by

introducing cooling water into the cooling channel.

As another technical solution, the present disclosure further provides a heating chamber30

including a heating device and a driving device for driving the heating device to move up and
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down. The heating device uses the aforementioned heating device according to the present

disclosure.

Preferably, the driving device includes a first lifting shaft and a first driving mechanism.

The first lifting shaft is vertically arranged, an upper end of the first lifting shaft is connected

to the base plate, and a lower end of the first lifting shaft extends vertically and downwards to5

be outside of the heating chamber. The first driving mechanism is disposed at the bottom of

the heating chamber, connected to the first lifting shaft, and is configured to drive the base

plate to move up or down through the first lifting shaft.

Preferably, the driving device further includes at least three movable supporting columns,

a connector, a second lifting shaft, and a second driving mechanism. The at least three10

movable supporting columns are vertically arranged on the connector and are distributed

along a circumferential direction of the base plate at intervals, and top ends of the at least

three movable supporting columns are configured to support the to-be-heated member. The

second lifting shaft is vertically arranged, an upper end of the second lifting shaft is connected

to the connector, and a lower end of the second lifting shaft extends vertically and downwards15

to the outside of the heating chamber. The second driving mechanism is disposed at the

bottom of the heating chamber and connected to the second lifting shaft, and is configured to

drive the movable supporting columns to move up or down through the second lifting shaft.

The present disclosure has the following advantageous effects.

The heating device provided by the present disclosure may reduce the heat loss of the20

heating light tube by using the heating light tube disposed below the to-be-heated member to

directly radiate heat upwards and using the thermal radiation shielding assembly to shield heat

radiated by the heating light tube towards the surroundings and bottom, thereby improving the

heating efficiency. Further, the requirements of the high temperature PVD process on fast

heating, high temperature preservation and fast cooling of a substrate may be satisfied.25

Further, the heating device provided by the present disclosure may not only be applied to a

vacuum environment or an atmospheric environment directly, but may have a relatively large

application range. Further, the heat loss of the heating tube in the vacuum environment may

be less, thereby further improving the heating efficiency.

By using the aforementioned heating device, the heating chamber provided by the30

present disclosure not only has a relatively high heating efficiency, but may also be applied to

a vacuum environment or an atmospheric environment, thereby expanding the application
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range.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a structural schematic diagram of an existing heating chamber in a PVD

apparatus;

Fig. 2 is an A-A cross-sectional view of Fig.1;5

Fig. 3 is a cross-sectional view of a heating device according to embodiments of the

present disclosure;

Fig. 4A is an arrangement diagram of heating light tubes used in embodiments of the

present disclosure;

Fig. 4B is a partition arrangement diagram of heating light tubes used in embodiments of10

the present disclosure;

Fig. 4C is a principle block diagram of a heating control system used in embodiments of

the present disclosure;

Fig. 4D is a flow block diagram of a heating control system used in embodiments of the

present disclosure;15

Fig. 4E is a flow block diagram of establishing a heating weighting function according to

embodiments of the present disclosure;

Fig. 5A is a structural schematic diagram of a thermal radiation shielding assembly used

in embodiments of the present disclosure;

Fig. 5B is an enlarged view of region I in Fig. 5A;20

Fig. 5C is an enlarged view of region II in Fig. 5A;

Fig. 6 is an arrangement diagram of heating light tubes used in a modified embodiment

according to embodiments of the present disclosure; and

Fig. 7 is a cross-sectional view of a heating chamber according to embodiments of the

present disclosure.25

DETAILED DESCRIPTION

To make the objects, technical solutions and advantages of the present disclosure clearer,

a heating device and a heating chamber provided by the present disclosure will be described
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below in conjunction with the accompanying drawings. It should be understood that,

specific embodiments described herein are merely used for explaining the present disclosure,

rather than limiting the present disclosure.

Fig. 3 is a cross-sectional view of a heating device provided by embodiments of the

present disclosure. Referring to Fig. 3, the heating device is configured to heat a5

to-be-heated member 23 using a thermal radiation manner. The to-be-heated member 23

may be a single substrate or a tray for bearing a plurality of substrates. The heating device

includes a base plate 21, three supporting columns 22, and a heating assembly. The three

supporting columns 22 are arranged vertically on the base plate 21 and are distributed at

intervals along the circumferential direction of the base plate 21. The top ends of the three10

supporting columns 22 form a bearing surface for supporting the to-be-heated member 23.

The shape and the area of the bearing surface may be considered as the shape and the area of

an orthogonal projection of the to-be-heated member 23 that is placed on the top ends of the

three supporting columns 22 on the base plate 21. The heating assembly includes a heating

light tube 24 and a thermal radiation shielding assembly. The heating light tube 24 is15

disposed on the base plate 21 and located below the bearing surface, namely, located below

the top ends of the three supporting columns 22, to radiate heat towards the bearing surface,

such that the to-be-heated member 23 may be heated in a lower-heating mode. Such heating

mode may be applied to a magnetron sputtering chamber having a target material at the top

thereof and may also be applied to a vacuum environment or an atmospheric environment.20

Accordingly, not only the application range becomes relatively wide, but the heat loss of the

heating light tube in the vacuum environment turns out to be less, thereby further improving

the heating efficiency.

Fig. 4A is an arrangement diagram of heating light tubes used in embodiments of the

present disclosure. Referring to Fig. 4A, in one embodiment, a plurality of heating light25

tubes 24 are used, and the plurality of heating light tubes 24 are each a straight tube and are

arranged in parallel to each other at equal intervals. Further, a projection of an effective

heating area 244 formed by uniform distribution of the heating light tubes 24 on the base plate

21 covers a projection of the bearing surface on the base plate 21, such that the to-be-heated

member 23 disposed on the top ends of supporting columns 22 may be uniformly heated by30

the plurality of heating light tubes 24. Accordingly, the temperature uniformity of the

to-be-heated member may be improved. Further, the configuration method of the effective

heating area 244 of the aforementioned heating light tubes 24 allows each heating light tube
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24 to include a heating section 241 and two non-heating sections 242 located at two ends of

the heating section 241. That is, a middle section of the light heating tube 24 is a heating

section 241, and two edge sections of the light heating tube 24 are the non-heating sections

242. A heating wire for generating the heat is disposed in the heating section 241, and a

length A of the heating wire is smaller than a total length B of the heating light tube 24.5

Because the heating wire is a heating source capable of radiating heat, an area where the

heating wires are located is then the effective heating area 244. Further, conductive wires

respectively connected to two ends of the heating wire are disposed in each non-heating

section 242 and serve as positive and negative electrodes of a heating light tube 24.

Further, a shape and size of the effective heating area 244 may be obtained by10

configuring a shape of each heating light tube 24 and a length of each heating wire.

Preferably, the shape of the effective heating area 244 corresponds to a shape of the

aforementioned bearing surface. For example, in one embodiment, as shown in Fig. 4A, an

orthogonal projection of the to-be-heated member 23 that is placed on the top ends of the

supporting columns 22 on the base plate 21 is in the shape of a circle. That is, an orthogonal15

projection of the bearing surface on the base plate 21 is in the shape of a circle. Under such

situation, a shape simultaneously formed by the heating wires in each heating light tube 24 is

also a circle. Specifically, the length of each heating wire reduces gradually from a central

area of the bearing surface to marginal areas at two sides of the central area, and a circle may

be obtained by connecting end points of each heating wire subsequently, thereby forming the20

effective heating area 244 having a circular shape. In practical applications, a diameter C of

the effective heating area 244 may be larger than a diameter of the to-be-heated member 23 to

ensure that a projection of the effective heating area 244 on the base plate 21 covers the

diameter of the bearing surface on the base plate 21. Further, the distance D between two

adjacent heating light tubes 24 may be arbitrarily configured based on specific conditions.25

Preferably, the heating light tube is a short-wave infrared light tube. Because the power

of the short-wave radiation is larger than that of medium-wave or long-wave radiation, and

the thermal energy of the short-wave infrared light tube is mainly distributed in a region

where the wavelength is smaller than 2μm (62.5% of the thermal energy), an object may be 

heated quickly. Accordingly, light emitted by the short-wave infrared light tube may30

traverse the surface of the to-be-heated member 23, thereby further realizing rapid heating of

the to-be-heated member 23.

Further and preferably, the plurality of heating light tubes 24 are divided into a plurality
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of heating groups based on different areas of the bearing surface. Further, the heating light

tubes 24 in a same heating group are electrically connected, and the heating light tubes 24 in

different heating groups are shielded from each other. Specifically, Fig. 4B is a partition

arrangement diagram of heating light tubes used in embodiments of the present disclosure.

Referring to Fig. 4B, the plurality of heating light tubes 24 are divided into two heating5

groups (Z2, Z1) based on a central area of the bearing surface and marginal areas at two sides

of the central area. In each heating group, the heating light tubes 24 are electrically

connected through conductive wires, and different heating groups are shielded from each

other. Accordingly, the heating powers of the heating light tubes 24 in the two heating

groups may be individually and respectively controlled, such that partition adjustment of the10

temperatures of the central area and the marginal areas of the to-be-heated member 23 may be

realized. Thus, the difference in temperature between the central area and the marginal areas

may be reduced, and the temperature uniformity of the to-be-heated member 23 may be

further improved.

Further, a heating control system may be used to individually control the temperatures of15

the central area and the marginal areas of the to-be-heated member 23. Specifically, Fig. 4C

is a principle block diagram of a heating control system used in embodiments of the present

disclosure. Referring to Fig. 4C, the heating control system includes a temperature detector

301, a temperature controller 302, an adjustment controller 303, and two power controllers

(304, 305). The temperature detector 301 is configured to detect a real-time temperature at20

any position of the to-be-heated member 23 in an execution stage of the heating process and

send the real-time temperature to the temperature controller 302. The temperature controller

302 is configured to generate a control signal U based on the real-time temperature Tmeas

sent from the temperature detector 301 and a preset target temperature Tp, and send the

control signal U to the adjustment controller 303. The preset target temperature Tp is a25

temperature of the to-be-heated member required by the process. The adjustment controller

303 is configured to obtain two control sub-signals (U1, U2) respectively corresponding to the

two heating groups (Z1, Z2) based on the control signal U and a heating weighting function.

Further, the adjustment controller 303 send the control sub-signal U1 to the first power

controller 304 and send the control sub-signal U2 to the second power controller 305. The30

first power controller 304 is configured to adjust the heating power of the heating light tubes

in the heating group Z1 based on the control sub-signal U1, thereby realizing temperature

adjustment of the marginal areas of the to-be-heated member 23. The second power
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controller 305 is configured to adjust the heating power of the heating light tubes in the

heating group Z2 based on the control sub-signal U2, thereby realizing temperature

adjustment of the central area of the to-be-heated member 23.

Accordingly, individual control of the temperatures of the central and marginal areas of

the to-be-heated member may be realized, such that the requirements of the temperature5

uniformity of the to-be-heated member may be satisfied. Further, by detecting the real-time

temperature at any position of the to-be-heated member 23 using a single temperature detector

301 in the execution stage of the heating process, namely, by using a single temperature

detection point, partition control of the temperature of the to-be-heated member 23 may be

realized. Accordingly, given that the temperature uniformity of the to-be-heated member is10

improved, issues of apparatus design and an increase in difficulty of installation due to the

introduction of a plurality of temperature detection points may be avoided. Further, the

leakage possibility of the vacuum chamber may also be reduced, thereby lowering the risk of

affecting the quality of film deposition.

Further, as shown in Fig. 4B, the three supporting columns 22 may be respectively a first15

supporting column 221, a second supporting column 222 and a third supporting column 223.

One of the supporting columns 22 may be used as a thermocouple of the temperature detector

301. For example, the second supporting column 222 may be used as the thermocouple of

the temperature detector 301 and may be disposed in an area where the heating group Z1 is

located. The second supporting column 222 may have both functions of supporting and20

temperature detection, such that not only the structure of the heating device may be simplified,

but also the temperature of the to-be-heated member 23 may be obtained more accurately

because the thermocouple may be in direct contact with the to-be-heated member 23, thereby

improving the accuracy of temperature control. Obviously, in practical applications, the

temperature detector may be a non-contact sensor such as an infrared sensor.25

The aforementioned heating weighting function satisfies that: heating powers of the

heating light tubes in each heating group may be balanced to realize the objective of reducing

the temperature difference between the central area and the marginal areas of the to-be-heated

member 23 and improving the temperature uniformity of the to-be-heated member 23. More

specifically, the heating weighting function may be as follows: if Tmeas < Tp – T, Un=U, and30

if Tmeas ≥ Tp – T, Un= fn (U) = knU+b, where n is an integer larger than 0 and is smaller 

than or equal to N, and N is the number of the heating groups. Further, Tmeas is the

real-time temperature detected by the temperature detector, Un represents the control
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sub-signal corresponding to an nth heating group, and U represents the control signal.

Further, fn (U) represents a preset correspondence rule corresponding to the nth heating group,

Tp is the preset target temperature, T is a preset threshold temperature, kn is a weighting

coefficient corresponding to the nth heating group, and b is a constant.

Fig. 4D is a flow block diagram of a heating control system used in embodiments of the5

present disclosure.  Referring to Fig. 4D, T is assumed to be 50℃.  If Tmeas < Tp – 50℃, 

Un = U. As such, in a heating stage during which the real-time temperature of the

to-be-heated member is increased to Tp - 50℃, each power controller adjusts the heating 

powers of the heating light tubes in the heating groups (Z1, Z2) respectively under the control

of the control sub-signal Un = U, thereby ensuring the heating rate.  If Tmeas ≥ Tp – 50℃, 10

Un = fn (U) = knU + b, namely, U1 = f1 (U) = k1U + b, and U2 = f2 (U) = k2U + b. As

such, when the real-time temperature of the to-be-heated member is close to the process

temperature, the first power controller adjusts the heating power of the heating light tubes in

the first heating group Z1 under the control of the control sub-signal U1 = f1 (U) = k1U + b.

Further, the second power controller adjusts the heating power of the heating light tubes in the15

second heating group Z2 under the control of the control sub-signal U2 = f2 (U) = k2U + b.

Accordingly, the temperature of the to-be-heated member may be maintained within a heat

preservation stage of Tp-50℃, thereby ensuring that the temperature uniformity requirement 

of the to-be-heated member is satisfied.

From the aforementioned descriptions, by using the aforementioned piecewise function20

as the heating weighting function, not only the temperature uniformity requirement on the

to-be-heated member may be satisfied in the heat preservation stage, but also the heating rate

may be ensured in the heating stage. Accordingly, the processing time may be reduced, and

the processing efficiency may be improved.

Preferably, the heating weighting function may be established by using a following25

method: the heating weighting function is established in a preset stage by a method of trial

and error based on a temperature distribution condition of the to-be-heated member. For

example, in the process of establishing the heating weighting function, in the preset stage,

temperature detection points are disposed, in a one-to-one correspondence, in the areas of the

bearing surface that is configured to support the to-be-heated member where the heating30

groups are located. In a detection process, the real-time temperature of each temperature

detection point is detected. If the real-time temperature detected at any one of the

temperature detection points is close to the preset target temperature, the temperature
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distribution condition of the to-be-heated member is obtained based on the real-time

temperatures detected by the temperature detection points at a current moment. Further, the

heating weighting function is established based on the temperature distribution condition,

such that the difference in temperature between different areas of the to-be-heated member

may satisfy the requirements of the process on temperature uniformity. In practical5

application, a plurality of thermocouples or infrared sensors may be used to detect, in a

one-to-one correspondence, the real-time temperatures of the to-be-heated member at each

temperature detection point.

Hereinafter, a specific implementation method of establishing the heating weighting

function is described in detail. For example, the partition method of the heating light tubes10

may be as follows: the plurality of heating light tubes are divided into three heating groups

(Z1-Z3), namely, a central area Z1 of the bearing surface of the to-be-heated member, two

intermediate areas Z2 at two sides of the central area Z1, and two marginal areas Z3 located

respectively at outer sides of the two intermediate areas Z2. Correspondingly, three

temperature detection points are configured, and the three temperature detection points are15

located in the central area Z1, the intermediate area Z2 and the marginal area Z3, respectively.

Fig. 4E is a flow block diagram of establishing a heating weighting function according to

embodiments of the present disclosure. Referring to Fig. 4E, the heating weighting function

is established through the following steps.

At step S1, the weighting coefficient kn is initialized to be 1, that is, the heating20

weighting function is initialized to be U1=U, U2=U, and U3=U; and a preset target

temperature Tp is set to be a temperature required by a process.

At step S2, each of the heating groups starts to heat, and simultaneously, the real-time

temperatures Tmeas of the temperature detection points in the central area Z1, the

intermediate area Z2 and the marginal area Z3 of the to-be-heated member are respectively25

detected and sent to the temperature controller.

At step S3, the temperature controller determines whether the temperature uniformity of

the to-be-heated member satisfies the requirement when the real-time temperature Tmeas

detected at any temperature detection point is close to the preset target temperature Tp. If

the temperature uniformity of the to-be-heated member satisfies the requirement, step S4 is30

executed; and if the temperature uniformity of the to-be-heated member does not satisfy the

requirement, step S5 is executed. Specifically, if the real-time temperature Tmeas ∈ [Tp -
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5℃, Tp + 5℃], the real-time temperature Tmeas is considered to be close to the preset target 

temperature Tp.

At step S4, the current weighting coefficients are determined to be the weighting

coefficients needed by the process.

At step S5, k1 and k2 are adjusted based on the real-time temperatures detected at the5

intermediate area Z2 and the marginal area Z3 with reference to the area (here, the central

area Z1) where the real-time temperature is close to the preset target temperature Tp.

Specifically, whether the real-time temperature of the marginal area Z3 is higher than the

real-time temperature of the central area Z1 is determined. If the real-time temperature of

the marginal area Z3 is higher than the real-time temperature of the central area Z1, k1 is10

decreased and the decreased weighting coefficient is used as a current weighting coefficient

k1. If the real-time temperature of the marginal area Z3 is not higher than the real-time

temperature of the central area Z1, k1 is increased and the increased weighting coefficient is

used as the current weighting coefficient k1. Meanwhile, whether the real-time temperature

of the intermediate area Z2 is higher than the real-time temperature of the central area Z1 is15

determined. If the real-time temperature of the intermediate area Z2 is higher than the

real-time temperature of the central area Z1, k2 is decreased and the decreased weighting

coefficient is used as the current weighting coefficient k2. If the real-time temperature of the

intermediate area Z2 is not higher than the real-time temperature of the central area Z1, k2 is

increased and the increased weighting coefficient is used as the current weighting coefficient20

k2.

At step S6, each of the heating groups stops heating, and after the temperature of the

to-be-heated member is decreased to room temperature, step S2 is executed.

In the above-described step S1, preferably, the initial value of the weighting coefficient

kn is 1. As such, each of the heating groups may achieve a rated power output to guarantee25

the heating rate and reduce the processing time, thereby improving the process efficiency.

Obviously, the present disclosure is not limited thereto, and in the practical applications, the

initial values of the heating weighting function may be set to be other values based on the

actual situations.

It should be noted that, in one embodiment, the heating weighting function is a piecewise30

function. However, the present disclosure is not limited thereto, and in practical applications,

the heating weighting function may be Un = fn (U). As such, the temperature uniformity
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requirement on the to-be-heated member may be satisfied.

It should also be noted that, in one embodiment, Un is a linear function. However, the

present disclosure is not limited thereto, and in actual applications, Un may be a nonlinear

function such as a quadratic function, for example, Un=k1nU2 + k2nU + b.

The thermal radiation shielding assembly is configured to shield the heat radiated by the5

heating light tubes 24 towards the surroundings and the bottom thereof. Specifically,

referring to Figs. 5A-5C, in one embodiment, the thermal radiation shielding assembly

includes first shielding members and a second shielding member. The number of the first

shielding members may be three, and the first shielding members include the first shielding

member 261, the first shielding member 262 and the first shielding member 263. Each first10

shielding member includes a first horizontal part and a first vertical part, where the first

horizontal part is located below the heating light tubes 24 and covers the effective heating

area 244, and the first vertical part is connected to the first horizontal part and surrounds the

heating section 241 of the heating light tubes 24 (i.e., the effective heating area 244).

Further, the top end of the first vertical part is higher than the heating light tubes 24, as shown15

in Fig. 5C. Further, the first vertical parts of the first shielding members are arranged at

intervals along a direction parallel to the bearing surface, and the first horizontal parts of the

first shielding members are arranged at intervals along a direction perpendicular to the bearing

surface. By virtue of the three aforementioned first shielding members, the heating light

tubes 24 may be prevented from directly affecting the components other than the to-be-heated20

member 23 in the chamber. Further, the larger the number of the first shielding members,

the more the shielded radiation heat. This is because in the vacuum, the conduction of heat

is mainly thermal radiation. The temperature of the heating wire in the heating light tube 24

is assumed to be T0, and the infrared short-wave generated by the heating wire directly

radiates the first shielding member 261. The first shielding member 261 absorbs the radiated25

heat to raise the temperature to T1, and simultaneously sends the radiated heat to the first

shielding member 262. Similarly, the first shielding member 262 absorbs the radiated heat

and the temperature rises to T2, and the first shielding member 263 absorbs the radiated heat

and the temperature rises to T3. When the first shielding member 263 sends the radiated

heat to the base plate 21, the base plate 21 absorbs the radiated heat and the temperature rises30

to T4. According to thermal radiation law, a gradient variation in temperature exists from

inside to outside of the three first shielding members serving as reflection shields, namely,

T0 > T1 > T2 > T3 > T4. Thus, the heat radiated from the heating light tubes 24 to the base
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plate 21 and other components in the chamber maybe reduced, thereby effectively preventing

the temperatures of these components from being too high. In practical applications, the

number of the first shielding members is not limited to be three, and may be configured to be

one, two, or four or more, according to specific situations.

The second shielding member includes a second horizontal part 252 and a second5

vertical part 251, where the second vertical part 251 surrounds the bearing surface and the top

end of the second vertical part 251 is higher than the bearing surface. The second horizontal

part 252 surrounds an outer side of the second vertical part 251, and a plane where the second

horizontal part 252 is located is higher than the first vertical parts and the heating light tubes

24. In one embodiment, the second vertical part 251 is located at an inner side of the10

innermost first vertical part. Obviously, in practical applications, the second vertical part

251 may be located at an outer side of the outermost first vertical part, or may be located

between any two adjacent first vertical parts.

By virtue of the second shielding member, the heat radiated by the heating light tubes 24

to the surroundings may be effectively prevented. From the aforementioned descriptions,15

under the combined effects of the first shielding members and the second shielding member,

the heating light tubes 24 may be prevented from directly affecting components other than the

to-be-heated member 23 in the chamber, thereby preventing the temperatures of such

components from being too high. In practical applications, surfaces of the first horizontal

parts, the first vertical parts, the second horizontal part 252 and the second vertical part 25120

facing towards the heating light tubes 24 may include a planar surface or a curved surface

based on specific situations. Further, the materials of the first shielding members and the

second shielding member may include a material of high temperature resistance, small

deformation, and less outgassing at a high temperature, such as molybdenum, stainless steel

or quartz. Further, preferably, the surfaces of the first horizontal parts, the first vertical parts,25

the second horizontal part 252 and the second vertical part 251 facing towards the heating

light tubes 24 may be polished or plated to improve the light reflectivity.

In one embodiment, the heating device further includes two electrodes 281 and two

electric connectors 282. The two electrodes 281 are disposed on the base plate 21 close to

the central position of the base plate 21. The upper and lower ends of the electrode 281 are30

located above and below the base plate 21, respectively. The two electric connectors 282 are

located between the lowermost first horizontal part and the base plate 21, one ends of the

electric connectors 282 are respectively and electrically connected to the electrodes 281, and
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the other ends of the electric connectors 282 are electrically connected to the heating light

tubes 24 through conductive wires (not shown in the figures).

Preferably, to prevent the electric field interferences of the connecting portions between

the electric connectors 282 and the heating light tubes and the electric field interferences of

the connecting portions between the electrodes 281 and the electric connectors 282 on other5

components, the heating device further includes a first electric shielding member 271 and a

second electric shielding member 272. The first electric shielding member 271 is of a

circular shape, is surroundingly located on the base plate 21, and has a first closed space to

shield the electric fields generated at the connecting portions between the electric connectors

282 and the heating light tubes 24. The second electric shielding member 272 covers the10

connecting portions between the electrodes 281 and the electric connectors 282 to form a

second closed space, and is configured to respectively shield the electric fields generated at

the two electrodes 281 and the electric fields generated at the connecting portions between the

two electrodes 281 and the electric connectors 282.

Preferably, a cooling channel (not shown in figures) is disposed in the base plate 21 to15

decrease the temperature of the base plate 21, and the base plate 21 may be cooled by

introducing cooling water into the cooling channel through a cooling water pipe 31.

As a modified embodiment of the above embodiments, Fig. 6 is an arrangement diagram

of heating light tubes used in a modified embodiment according to embodiments of the

present disclosure. Referring to Fig. 6, the only difference between the modified20

embodiment and the above-described embodiments lies in that the arrangements of the

heating light tubes are different.

Specifically, in one embodiment, each of the heating light tubes includes an arc-shaped

portion 321, and straight-line portions 322 connected to two ends of the arc-shaped portion

321, where the arc-shaped portions 321 of the heating light tubes are concentric, have25

different radii, and are arranged at equal intervals, and the straight-line portions of the heating

light tubes are arranged in parallel to each other at equal intervals. The heating wires of the

heating light tubes simultaneously form an effective heating area 323, and the effective

heating area 323 may heat the to-be-heated member uniformly.

It should be noted that, in each aforementioned embodiment, the number of the heating30

light tubes is plural, but the present disclosure is not limited thereto. In practical

applications, the number of the heating light tube may be one, and an effective heating area
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may be formed by winding the one heating light tube uniformly into a certain shape. For

example, the heating light tube may be a planar spiral tube having equal space, thereby

heating the to-be-heated member uniformly.

As another technical solution, embodiments of the present disclosure provide a heating

chamber. Fig. 7 is a cross-sectional view of a heating chamber provided by embodiments of5

the present disclosure. Referring to Figs. 3 and 7, a heating chamber 40 includes a heating

device and a driving device for driving the heating device to move up and down. The

heating device is disposed inside the heating chamber 40, and may be a heating device

provided by any aforementioned embodiments.

In one embodiment, the driving device includes a first lifting shaft 30, a first driving10

mechanism (not shown in the figures), at least three movable supporting columns 41, a

connector 43, a second lifting shaft 44, and a second driving mechanism 42. The first lifting

shaft 30 is vertically arranged, an upper end of the first lifting shaft 30 is connected to the

base plate 21, and a lower end of the first lifting shaft 30 extends vertically to be outside of

the heating chamber. The first driving mechanism is disposed at the bottom of the heating15

chamber 40 and is connected to the first lifting shaft 30, and is configured to drive the base

plate 21 to move up or down through the first lifting shaft 30, thereby driving the supporting

columns 22 to move up or down. Further, fetching and placing operations of the

to-be-heated member 23 may be realized.

The at least three movable supporting columns 41 are vertically arranged on the20

connector 43 and are distributed along a circumferential direction of the base plate 21 at

intervals. The top ends of the at least three movable supporting columns 41 are used for

supporting the to-be-heated member 23. The second lifting shaft 44 is configured vertically,

and has an upper end connected to the connector 43 and a lower end vertically extending to

the outside of the heating chamber 40. The second driving mechanism 42 is disposed at the25

bottom of the heating chamber 40 and is connected to the second lifting shaft 44, and is

configured to drive the at least three movable supporting columns 41 to synchronously move

up or down through the second lifting shaft 44. When transferred into the heating chamber

40, the to-be-heated member 23 is placed on the movable supporting columns 41 first.

Further, driven by the second driving mechanism 42, the movable supporting columns 4130

move down to a position lower than the top ends of the supporting columns 22. During such

process, the to-be-heated member 23 is transferred from the movable supporting columns 41

to the supporting columns 22, and by then, the to-be-heated member 23 starts to be heated.
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Obviously, in practical applications, only the aforementioned first lifting shaft 30 and the

first driving mechanism may be used to drive the base plate 21 to move up or down, thereby

implementing the fetching and placing operations of the to-be-heated member 23. Under

such situation, a passage needs to be configured at a corresponding position of the thermal

radiation shielding assembly to allow a robot arm for transferring the to-be-heated member 235

to pass through, thereby realizing the fetching and placing operations of the substrate.

Further, to ensure the vacuum degree of the chamber, the heating chamber 40 further

includes a corrugated pipe assembly, and the corrugated pipe assembly includes an upper

flange 293, a lower flange 295, and a corrugated pipe 294. The upper flange 293 is fixed

onto the bottom of the base plate 21 via a fastening screw 291, and is sleeved on the top end10

of the first lifting shaft 30. Further, the electrodes 281 are located in a central hole of the

upper flange 293 and a hollow space of the first lifting shaft 30. Further, a sealing member

292 is disposed between the upper flange 293 and the base plate 21 to seal a gap therebetween.

The lower flange 295 is sleeved on the first lifting shaft 30 and is tightly connected thereto.

The corrugated pipe 294 is sleeved on the first lifting shaft 30, and is located between the15

upper flange 293 and the lower flange 295.

By using the aforementioned heating device, the heating chamber provided by the

present disclosure may not only be applied to a vacuum environment and an atmospheric

environment, but may also improve the heating efficiency and the heating uniformity.

The foregoing embodiments merely represent several implementations of the present20

disclosure. The descriptions of such embodiments are relatively fully and detailed, but shall

not be understood as limitations of the protection scope of the present disclosure. It should

be understood that, for those ordinarily skilled in the relevant art, various modifications and

improvements may be made without departing from the concept of the present disclosure, and

these modifications and improvements shall all fall within the protection scope of the present25

disclosure.


















