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MAGNETIC THIN FILM DEPOSITION CHAMBER AND THIN FILM 

DEPOSITION APPARATUS

FIELD OF THE INVENTION

[001] The present invention relates to the field of microelectronics and, more 

particularly, relates to a magnetic thin film deposition chamber and a thin film deposition 

apparatus.

BACKGROUND

[002] With the development of technology, the integrated circuit manufacturing 

process has been able to significantly reduce the size of the processor.  However, there are 

still some core components such as integrated inductors, noise suppressors, etc., facing many 

difficulties in high frequency, miniaturization, integration, etc. In order to solve this problem, 

soft magnetic thin film materials with high magnetization, high magnetic permeability, high 

resonance frequency, and high electrical resistivity have attracted more and more attention.

[003] Although the focus on soft magnetic thin film material is mainly on high 

magnetic permeability and high magnetization, as well as low coercivity and low loss, a 

major factor that affects the development of soft magnetic thin film material is its cutoff 

frequency. By adjusting the in-plane uniaxial anisotropy field of the soft magnetic thin film, 

the cutoff frequency of the soft magnetic thin film material can be adjusted. Moreover, a

common method for controlling the in-plane uniaxial anisotropy field of a soft magnetic thin 

film is magnetic-field-induced deposition, which has the advantages for providing simple 

process without adding process steps, and less damage to the chip, and is a preferred method 

for industrial production.
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[004] However, the existing magnetic-field-induced deposition methods have not 

been applied to production apparatuses, such as PVD apparatus, for fabricating magnetic thin 

films.  That is, the existing thin film deposition chamber is not capable of inducing an in-

plane anisotropy to the magnetic thin film.

BRIEF SUMMARY OF THE INVENTION

[005] The present invention, directed to at least solve one of the technical problems 

existing in the existing technologies, provides a magnetic thin film deposition chamber and a 

thin film deposition apparatus, capable of forming a horizontal magnetic field above the base 

pedestal that is sufficient to induce an in-plane anisotropy in a magnetic thin film, and thus

satisfying the needs of production equipment for preparing magnetized film layers with in-

plane anisotropies on large size to-be-processed workpieces.

[006] To achieve the objective of the present invention, a magnetic thin film 

deposition chamber is provided.  The magnetic thin film deposition chamber includes a main 

chamber, in which a base pedestal is provided for carrying to-be-processed workpieces.  The 

magnetic thin film deposition chamber also includes a bias magnetic field device. The bias

magnetic field device is configured for forming a horizontal magnetic field above the base 

pedestal, and the horizontal magnetic field is used to provide an in-plane anisotropy to the 

magnetized film layer deposited on the to-be-processed workpiece.

[007] Optionally, the bias magnetic field device includes a magnet assembly

disposed around the base pedestal, and the magnet assembly is configured for forming a

horizontal magnetic field above the base pedestal.

[008] Optionally, the magnet assembly includes two arc-shaped magnet segments

with the two arc-shaped magnet segments symmetrically disposed around the base pedestal, 
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and the N pole of one magnet segment and the S pole of the other magnet segment both point

to the base pedestal.

[009] Optionally, the magnet assembly includes a closed ring magnet, and the ring 

magnet forms the horizontal magnetic field through integral magnetization of a permanent 

magnetic material.

[010] Optionally, the magnet assembly includes two sub-magnet groups, each 

having an arc shape. The two sub-magnet groups are symmetrically disposed around the base 

pedestal; and

each sub-magnet group includes a plurality of magnetic cylinders, and the 

plurality of magnetic cylinders is arranged along a circumferential direction of the base 

pedestal.

[011] Optionally, in each sub-magnet group, the directions of the magnetic poles of 

the plurality of magnetic cylinders are parallel to each other.

[012] Optionally, in each sub-magnet group, the directions of the magnetic poles of 

the plurality of magnetic cylinders are the radial directions of the base pedestal.

[013] Optionally, the plurality of magnetic cylinders are disposed horizontally, and 

the N pole of each magnetic cylinder in one of the two sub-magnet groups as well as the S 

pole of each magnetic cylinder in the other of the two sub-magnet groups all point to the base 

pedestal.

[014] Optionally, the plurality of magnetic cylinders are disposed vertically, and the

N pole of each magnetic cylinder in one of the two sub-magnet groups as well as the S pole 

of each magnetic cylinder in the other of the two sub-magnet groups all vertically point up.

[015] Optionally, the plurality of magnetic cylinders are disposed obliquely, and the

N pole of each magnetic cylinder in one of the two sub-magnet groups and the S pole of each
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magnetic cylinder in the other of the two sub-magnet groups all obliquely point up along a 

direction toward the base pedestal.

[016] Optionally, in the plurality of magnetic cylinders of each sub-magnet group, 

the distribution density of the magnetic cylinders in a portion that is adjacent to the two ends 

of the arc is smaller than the distribution density of the magnetic cylinders in a portion that is 

adjacent to the middle of the arc.

[017] Optionally, the magnetic cylinders in the two sub-magnet groups are arranged 

such that the distance between the N pole of any magnetic cylinder pointing to the base 

pedestal and the S pole, pointing to the base pedestal, of the magnetic cylinder that receives

the magnetic field lines emitted from the N pole is larger than or equal to the diameter of the 

to-be-processed workpiece.

[018] Optionally, the bias magnetic field device includes:

a support plate, configured to support the bias magnetic field device;

an inner fixing plate and an outer fixing plate, disposed on the support plate 

and respectively located inside and outside of the magnet assembly for fixing the two ends of 

the bias magnetic field device, respectively;

an upper cover, located above the bias magnetic field device, and fixedly 

connected to the outer fixing plate and the inner fixing plate, respectively;

the bias magnetic field device is located in a space surrounded by the support 

plate, the outer fixing plate, the inner fixing plate, and the upper cover.

[019] Optionally, the magnetic thin film deposition chamber further includes a 

shielding assembly, and the shielding assembly is used to shield the bias magnetic field 

device, preventing the target material deposition on the bias magnetic field device.

[020] Optionally, the shielding assembly includes:
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a shielding element, the shielding element including a first vertical portion, a 

horizontal portion, and a second vertical portion, the first vertical portion disposed around the

inner side of the sidewall of the main chamber, the outer circumference of the horizontal 

portion connected to the lower end of the first vertical portion, and the inner circumference of 

the horizontal portion connected to the upper end of the second vertical portion;

the horizontal portion and the second vertical portion are located above and 

inside the bias magnetic field device, respectively.

[021] Optionally, the magnetic thin film deposition chamber further includes a 

support component and a pressing ring;

the pressing ring is used to press down the edge region of the upper surface of 

the to-be-processed workpiece;

the support component is connected to the lower end of the second vertical 

portion, and is used to support the pressing ring.

[022] Optionally, an annular boss is disposed on the inner side of the sidewall of the 

main chamber, and the annular boss is located below the horizontal portion and on an outer 

side of the second vertical portion;

the bias magnetic field device is located in an annular space formed by the 

sidewall of the main chamber, the annular boss, the horizontal portion, and the second 

vertical portion.

[023] Optionally, the bias magnetic field device is in contact with the upper surface 

of the annular boss.

[024] Optionally, a cooling channel is disposed around the inner side of the sidewall 

of the main chamber and/or the annular boss along the circumferential direction.  The cooling 

channel is used to introduce a cooling medium to cool the annular boss and the bias magnetic

field device.
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[025] Optionally, a horizontal gap is formed between the inner wall of the bias 

magnetic field device and the outer wall of the second vertical portion.

[026] Optionally, the horizontal gap is larger than or equal to 0.5 mm.

[027] Optionally, a vertical gap is formed between the upper surface of the bias 

magnetic field device and the lower surface of the horizontal portion.

[028] Optionally, the vertical gap is smaller than or equal to 5 mm.

[029] As another technical solution, the present invention also provides a thin film 

deposition apparatus including at least one first deposition chamber for depositing

magnetized film layers. Each first deposition chamber adopts the magnetic thin film 

deposition chamber provided by the present invention.

[030] Optionally, the thin film deposition apparatus is configured to deposit a 

magnetic thin film stack. The magnetic thin film stack includes a magnetism-isolation unit; 

and the magnetism-isolation unit includes one or multiple film-layer groups. The film-layer 

groups include magnetized film layers and isolation layers, and the magnetized film layers

and the isolation layers of multiple film-layer groups are alternately disposed. The thin film 

deposition apparatus further includes:

at least one second deposition chamber for depositing the isolation layers.

[031] Optionally, the magnetic thin film stack further includes an adhesive layer;

the thin film deposition apparatus further includes at least one third deposition 

chamber for depositing the adhesive layer.

[032] Optionally, the thin film deposition apparatus further includes a transfer 

chamber for transferring the to-be-processed workpiece between the first deposition chamber 

and the second deposition chamber.
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[033] Optionally, the thin film deposition apparatus further includes a transfer 

chamber for transferring the to-be-processed workpiece between the first deposition chamber,

the second deposition chamber, and the third deposition chamber.

[034] The present invention has the following beneficial effects.

[035] The magnetic thin film deposition chamber according to the present invention 

is provided with a bias magnetic field device.  The bias magnetic field device is configured 

for forming a horizontal magnetic field above the base pedestal.  The horizontal magnetic 

field is used to provide an in-plane anisotropy to the magnetized film layer deposited on the

to-be-processed workpiece, thereby satisfying the needs of production equipment for

preparing magnetized film layers with in-plane anisotropies on large size to-be-processed

workpieces.

[036] The thin film deposition apparatus according to the present invention, by 

adopting the magnetic thin film deposition chamber provided by the present invention, can 

deposit magnetized film layers that have in-plane anisotropies on the to-be-processed

workpiece.

BRIEF DESCRIPTION OF THE DRAWINGS

[037] FIG. 1 illustrates a cross-sectional view of a magnetic thin film deposition 

chamber according to a first embodiment of the present invention;

[038] FIG. 2A illustrates an exploded view of the magnet assembly shown in FIG. 1;

[039] FIG. 2B illustrates a semi-cross-sectional view of the magnet assembly and the 

shielding assembly shown in FIG. 1;

[040] FIG. 2C illustrates a structural diagram of the magnet assembly shown in FIG. 

1;

[041] FIG. 2D illustrates a structural diagram of another magnet assembly;
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[042] FIG. 2E illustrates a structural diagram of another magnet assembly;

[043] FIG. 2F illustrates a structural diagram of another magnet assembly;

[044] FIG. 3A illustrates a cross-sectional view of a magnetic thin film deposition 

chamber according to a second embodiment of the present invention;

[045] FIG. 3B illustrates an enlarged view of the region I in FIG. 3A; and

[046] FIG. 4 illustrates a schematic structural diagram of a magnetic thin film stack 

obtained by using the thin film deposition apparatus provided by the embodiment of the 

present invention.

DETAILED DESCRIPTION

[047] In order to let those skilled in the art to better understand the technical 

solutions of the present invention, the magnetic thin film deposition chamber and the thin 

film deposition apparatus provided by the present invention are described in detail below 

with reference to the accompanying drawings.   

[048] FIG. 1 illustrates a cross-sectional view of a magnetic thin film deposition 

chamber according to a first embodiment of the present invention.  FIG. 2A illustrates an 

exploded view of the magnet assembly shown in FIG. 1. FIG. 2B illustrates a semi-cross-

sectional view of the magnet assembly and the shielding assembly shown in FIG. 1.  

Referring to FIGS. 1 to 2B together, the magnetic thin film deposition chamber may include a 

main chamber 1 and a shielding assembly. A target 3 may be disposed at the top portion of 

the main chamber 1 and inside the main chamber 1. In addition, a base pedestal 2 may be

disposed below the target 3 to carry a to-be-processed workpiece 7. The shielding assembly

may include an upper shielding ring 5, a lower shielding ring 4, and a pressing ring 6. The 

lower shielding ring 4 may be disposed around the inner side of the sidewall of the main 

chamber 1, and a support component 41 may be disposed at the lower end of the lower 
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shielding ring 4 for supporting the pressing ring 6.  The support component 41 and the lower 

shielding ring 4 may be an integrated structure bent from the lower end of the lower shielding

ring 4 toward the inner side, and thus form a "hook" shape.  The upper shielding ring 5 may 

be disposed around the inner side of the lower shielding ring 4, such that at least the lower 

half of the upper shielding ring 5 may cover at least the inner wall of the upper half of the 

lower shielding ring 4. The upper shielding ring 5 and the lower shielding ring 4 may 

together shield the sidewall of the main chamber 1 for preventing the sputtered target material 

deposition on the sidewall of the main chamber 1. The pressing ring 6 may be used to, when 

the base pedestal 2 is in the process position, press down the edge region of the upper surface 

of the to-be-processed workpiece 7, such that the to-be-processed workpiece 7 can be fixed 

on the base pedestal 2. When the base pedestal 2 is in the non-process position, the pressing

ring 6 may be in contact with the support component 41 and may be supported by the support 

component 41; when the base pedestal 2 is in the process position, the pressing ring 6 may be

lifted up by the raised base pedestal 2, and may thus be disengaged from the support

component 41. As such, with the help of the self-gravity of the pressing ring 6, the to-be-

processed workpiece 7 may be fixed on the base pedestal 2. In the embodiment of the 

invention, the non-process position may be located below the process position.

[049] When the process is performed, the lower shielding ring 4, the support 

component 41, and the pressing ring 6 may cover the area between the base pedestal 2 and 

the sidewall of the main chamber 1, such that deposition of the sputtered target material on 

the bottom and the sidewall of the main chamber 1 can be prevented. FIG. 1 only 

schematically shows a portion of the main chamber 1 above the base pedestal 2, and the 

bottom structure of the main chamber 1 is not shown.

[050] The thin film deposition chamber may further include a bias magnetic field 

device for forming a horizontal magnetic field above the base pedestal 2.  The horizontal 
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magnetic field may be used to provide in-plane anisotropic characteristics to the magnetized 

film layer deposited on the to-be-processed workpiece 7, thereby satisfying the needs of 

production equipment for preparing magnetized film layers with in-plane anisotropies. In the 

present embodiment, the bias magnetic field device includes a magnet assembly disposed 

around the base pedestal 2, and the magnet assembly may be configured for forming the 

horizontal magnetic field above the base pedestal 2.

[051] Specifically, the magnet assembly may include two arc-shaped sub-magnet 

groups (10, 11), and the two sub-magnet groups (10, 11) may be disposed inside the main 

chamber 1 and may symmetrically surround the base pedestal 2. Further, as shown in FIG. 

2A, each sub-magnet group may include a plurality of magnetic cylinders 101 arranged along 

the circumferential direction of the base pedestal 2 to form an arc. The plurality of magnetic 

cylinders 101 may be arranged at intervals or may be arranged compactly. The directions of 

the magnetic poles of the magnetic cylinders 101 in the two sub-magnet groups may be the 

radial directions of the base pedestal 2. As shown in FIG. 2C, on a cross section of the base 

pedestal 2 along the direction perpendicular to the axis of the base pedestal 2 (i.e., the inner 

circle in FIG. 2C), the directions of the magnetic poles of the plurality of the magnetic 

cylinders 101 may be the radial directions of the base pedestal 2, that is, the axis 101c of each 

the magnetic cylinder 101 may pass through the center point O of the cross section (i.e., the 

inner circle in Fig. 2C) of the base pedestal 2.

[052] Further, the magnetic cylinders 101 may be all horizontally disposed, and the 

N pole of each magnetic cylinder 101 in one of the two sub-magnet groups may point to the 

base pedestal 2, while the S pole of each magnetic cylinder 101 in the other of the two sub-

magnet groups may point to the base pedestal 2.

[053] Of course, in practical applications, as shown in FIG. 2D, in each sub-magnet 

group, the directions of the magnetic poles of the plurality of magnetic cylinders (i.e., the 
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axes 101c of the plurality of magnetic cylinders) may be parallel to each other, which can 

avoid or weaken the edge bending effect of the magnetic field lines generated by the magnet 

assembly, and thus ensure that a horizontal magnetic field is formed on the base pedestal 2. 

In this case, in each sub-magnet group, the projection shapes of the plurality of magnetic 

cylinders on the horizontal plane may be different. Specifically, the end faces of the 

magnetic poles of the plurality of magnetic cylinders in each sub-magnet group that point to a 

same direction may collectively form a smooth and continuous arc surface.

[054] Alternatively, as shown in FIG. 2E, in each sub-magnet group, the projection 

shapes of the plurality of magnetic cylinders may be the same, and the same end faces of the 

magnetic poles of the plurality of magnetic cylinders may collectively form a stepped arc 

surface.

[055] Since each sub-magnet group is arranged in an arc shape along the outer 

circumference of the base pedestal 2, this can make the distance, between the N pole of any 

magnetic cylinder 101 pointing to the base pedestal 2 and the S pole of the magnetic cylinder

101 that receives the magnetic field lines emitted from the N pole, the shortest. The S pole of 

the magnetic cylinder 101 points to the base pedestal 2.  Therefore, the number of magnetic 

field lines distributed in the vicinity of the base pedestal 2 may be increased, such that the 

magnetic field strength of the unidirectional horizontal magnetic field may be effectively 

increased to be sufficient to induce in-plane anisotropy of the magnetic thin film. Moreover, 

since the two sub-magnet groups (10, 11) are located on both sides of the base pedestal 2, this 

does not limit the size of the to-be-processed workpiece, and thus can be applied to large size

to-be-processed workpieces (for example, an 8-inch or 12-inch wafer). 

[056] In addition, in practical applications, the number, the size and the distribution 

density of the magnetic cylinders (the spacing between two adjacent magnetic cylinders) can 
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be freely set according to specific needs, and thus the flexibility of setting the magnetic field 

strength and the distribution density may be improved.

[057] The magnetic field strength of the magnet assembly of the structure described 

above can reach 50 to 300 Gs. When the process is performed, the magnetic domains of the 

magnetic material deposited on the surface of the to-be-processed workpiece are aligned in 

the horizontal direction, such that an easy magnetization field may be obtained in the 

direction in which the magnetic domains are aligned, while a hard magnetization field may be 

obtained in the direction perpendicular to the direction in which the magnetic domains are 

aligned, that is, an in-plane anisotropy may be obtained. As such, a magnetic thin film with

an in-plane anisotropy may be obtained, and thus the magnet assembly is suitable for 

preparing magnetic thin films having in-plane anisotropies on large size to-be-processed

workpieces (for example, 8-inch or 12-inch wafers).

[058] Taking FIG. 2D as an example, the distance F1 between the N pole of a

magnetic cylinder 101 adjacent to the arc ends that points to the base pedestal 2 and the S 

pole of the magnetic cylinder 101 that receives the magnetic field lines emitted from the N 

pole is less than the distance F2 between the N pole of the magnetic cylinder 101 adjacent to

the middle of the arc that points to base pedestal 2 and the S pole of the magnetic cylinder

101 that receives the magnetic field lines emitted from the N pole.  Therefore, the strength of 

the magnetic field formed in the vicinity of both ends is greater than the strength of the 

magnetic field formed in the vicinity of the middle of the arc, that is, the magnetic field 

distribution is not uniform.

[059] In order to solve the above problem, as shown in FIG. 2A, in the plurality of 

magnetic cylinders of each sub-magnet group, the distribution density of the magnetic 

cylinders in a portion that is adjacent to the two ends of the arc (or adjacent to the magnetic 

cylinder 101a at the end of the arc) may be made to be smaller than the distribution density of 
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the magnetic cylinders in a portion that is adjacent to the middle of the arc (or adjacent to the 

magnetic cylinder 101b located in the middle of the arc). Further, the arc may be divided into 

an intermediate region and an edge region located on both sides of the intermediate region. 

The distribution density of the magnetic cylinders located in the edge region may be smaller 

than the distribution density of the magnetic cylinders located in the intermediate region. In 

this way, the strength of the magnetic field formed in the intermediate region may be 

compensated, and thus may be consistent with the strength of the magnetic field formed in 

the edge region.  As such, the uniformity of the magnetic field may be improved.

[060] It should be noted that in the embodiment, each magnetic cylinder may be

horizontally disposed. However, the present invention is not limited to this. In practical 

applications, the magnetic cylinders may be vertically disposed, and the N pole of each 

magnetic cylinder in one of the two sub-magnet groups and the S pole of each magnetic 

cylinder in the other of the two sub-magnet groups may all be vertically upward to ensure that 

a horizontal magnetic field can be formed on the base pedestal 2. Moreover, the directions of 

the magnetic poles of the plurality of magnetic cylinders, i.e. the orthogonal projection of the 

axis of each magnetic cylinder on the radial section of the base pedestal 2 is point-like, and 

the connection between this point and the center point of the radial section of the base 

pedestal 2 may be along the radial direction of the base pedestal 2.

[061] Alternatively, the magnetic cylinders may also be disposed obliquely, and the 

N pole of each magnetic cylinder in one of the two sub-magnet groups as well as the S pole 

of each magnetic pole in the other of the two sub-magnet groups may all obliquely point up

along a direction toward the base pedestal 2 to ensure that a horizontal magnetic field can be 

formed on the base pedestal 2 while the magnetic field in the vicinity of the target 3 is not

interfered. Moreover, the orthogonal projections of the directions of magnetic poles of the 

plurality of magnetic cylinders, i.e. the axes of the plurality of magnetic cylinders, on the 
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radial section of the base pedestal 2 are straight lines, and the straight lines pass through the 

center point of the radial section of the base pedestal 2.

[062] Optionally, in order to prevent the magnetic field lines from canceling each 

other and the strength of the magnetic field from being weakened, the magnetic poles of the 

plurality of magnetic cylinders in one of the two sub-magnet groups that vertically point 

downward or obliquely point downward may be magnetically conducted to the magnetic 

poles of the corresponding magnetic cylinders in the other of the two sub-magnet groups that 

vertically point downward or obliquely point downward. Specifically, a magnetic conductive 

component may be disposed in the main chamber 1 and around the base pedestal 2. The 

magnetic conductive component may be simultaneously connected with the magnetic poles 

of the magnetic cylinders in the two sub-magnet groups that vertically point downward or 

obliquely point downward to achieve magnetic conduction. In the present embodiment, each 

sub-magnet group is located above the support component 41 and between the lower 

shielding ring 4 and the pressing ring 6.  As such, the distance between each sub-magnet 

group and the base pedestal 2 may be minimized, and thus the magnetic field strength of the 

horizontal magnetic field may be increased to be sufficient to induce the in-plane anisotropy 

of the magnetic thin film.

[063] In the present embodiment, the bias magnetic field device may further include

a support plate 81, an outer fixing plate 82, an inner fixing plate 83, and an upper cover 84.

The support plate 81 may be used for supporting the magnet assembly and may be fixedly 

connected to the support component 41 through a plurality of support legs and screws 85 

disposed at the bottom thereof. The outer fixing plate 82 and the inner fixing plate 83 may be

disposed on the support plate 81 through screws 86, and may be respectively located inside 

and outside the sub-magnet group for fixing the magnetic poles (N poles and S poles) at the 

two ends of the sub-magnet group, respectively.
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[064] In addition, the outer fixing plate 82 and the inner fixing plate 83 may be made 

of a magnetic conductive material or may be made of a non-magnetic material. The upper 

cover 84 may be located above the sub-magnet group, and may be fixedly connected to the 

outer fixing plate 82 and the inner fixing plate 83, respectively through screws 87. The sub-

magnet group may be located in a space enclosed by the support plate 81, the outer fixing 

plate 82, the inner fixing plate 83, and the upper cover 84. Since the support plate 81, the 

outer fixing plate 82 and the inner fixing plate 83 have a certain thermal insulation effect, this 

can prevent the heat in the main chamber from being directly transferred to the magnet 

assembly during the process, thereby preventing the magnetism of the magnet assembly from 

disappearing and the magnetic induction function from failing.

[065] In the present embodiment, both the support plate 81 and the outer fixing plate 

82 have an arc shape and match the arc shape of the arc-shaped sub-magnet assembly. Also, 

the inner fixing plate 83 may have a closed ring shape to facilitate positioning between the 

two sub-magnet groups. Optionally, the inner fixing plate 83 may be made of a non-

magnetic material, because when the inner fixing plate 83 is made of a magnetically 

permeable material, the closed ring structure may form closed magnetic field lines, thereby 

causing a decrease in the magnetic field strength.

[066] Optionally, the upper cover 84 may have a closed ring shape, which may be 

able to cover the two sub-magnet groups and the gap in between, such that deposition of the 

sputtered target material on the sub-magnet groups or on the support component 41 through 

the gap between the two sub-magnet groups can be prevented.

[067] Of course, in practical applications, the support plate 81 and the outer fixing 

plate 82 may also adopt a closed ring structure. The inner fixing plate 83 and the upper cover 

84 may also have an arc-shaped structure, and may match the arc shape of the arc-shaped 
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sub-magnet groups. The arc-shaped inner fixing plate 83 may be made of a magnetically 

permeable material or may be made of a non-magnetic material.

[068] It should be noted that, in the present embodiment, the magnet assembly

includes two sub-magnet groups (10, 11) in an arc shape, each sub-magnet group includes a 

plurality of magnetic cylinders, and the plurality of magnetic cylinders is spaced and 

distributed along the circumference of the base pedestal 2. However, the present invention is 

not limited to this, and in practical applications, a magnet assembly of any other 

configuration may be employed. For example, the magnet assembly may include two arc-

shaped magnet segments. That is, the magnet may have a one-piece arc structure, and may 

have two arc-shaped magnet segments with the two arc-shaped magnet segments

symmetrically disposed around the base pedestal. The N pole of one magnet segment and the 

S pole of the other magnet segment may both point to the base pedestal. In another example, 

as shown in FIG. 2F, the magnet assembly may include a closed ring magnet, and the ring 

magnet may form a horizontal magnetic field through integral magnetization of a permanent 

magnetic material.

[069] FIG. 3A illustrates a cross-sectional view of a magnetic thin film deposition 

chamber provided by a second embodiment of the present invention. FIG. 3B shows an 

enlarged view of the area I in FIG. 3A. Referring to FIG. 3A and FIG. 3B together, the 

magnetic thin film deposition chamber may include a main chamber 21, a shielding 

assembly, and a bias magnetic field device. A target 23 may be disposed at the top portion of 

the main chamber 21, and a base pedestal 22 may be disposed in the main chamber 21 and 

below the target 23 for carrying a to-be-processed workpiece 24.

[070] The bias magnetic field device may be configured for forming a horizontal 

magnetic field above the base pedestal 22, and the horizontal magnetic field may be used to 

provide an in-plane anisotropy to the magnetized film layer deposited on the to-be-processed
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workpiece 24.  In present embodiment, the bias magnetic field device may include two arc-

shaped sub-magnet groups (30, 31), and the two sub-magnet groups (30, 31) may be disposed 

in the main chamber 21 and may symmetrically surround the base pedestal 22. Further, 

similarly to the first embodiment described above, each sub-magnet group may include a 

plurality of magnetic cylinders arranged along the circumferential direction of the base 

pedestal 22 to form an arc. Each of the magnetic cylinders may be horizontally disposed, and 

the N poles of the plurality of magnetic cylinders in the sub-magnet group 30 and the S poles

of the plurality of magnetic cylinders in the sub-magnet group 31 may all point to the base 

pedestal 22. The remaining structure and function of the magnet assembly are similar to 

those of the first embodiment described above, and will not be described again.

[071] The magnetic field strength of the magnetic field generated by the magnet 

assembly of the structure described above can reach 50 to 300 Gs. When the process is 

performed, the magnetic domains of the magnetic material deposited on the surface of the to-

be-processed workpiece are aligned in the horizontal direction, such that an easy 

magnetization field may be obtained in the direction in which the magnetic domains are 

aligned, while a hard magnetization field may be obtained in the direction perpendicular to 

the direction in which the magnetic domains are aligned. That is, an in-plane anisotropy may 

be formed.  As such, a magnetic thin film with an in-plane anisotropy may be obtained, and 

thus the magnet assembly is applicable to large size to-be-processed workpieces (for 

example, 8-inch or 12-inch wafers).

[072] The structure and function of the above two sub-magnet groups are similar to 

those of the first embodiment described above, and can also effectively increase the magnetic 

field strength of the horizontal magnetic field to be sufficient to induce the in-plane 

anisotropy of the magnetic thin film. Moreover, since the two sub-magnet groups (30, 31) 

are located on the two sides of the base pedestal 22, this does not limit the size of the to-be-
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processed workpiece, and thus can be applied to large size to-be-processed workpieces (for 

example, an 8-inch or 12-inch wafer).

[073] Optionally, in order to realize that the magnetic field generated by the magnet 

assembly can cover the entire to-be-processed workpiece, the magnetic cylinders in the two 

sub-magnet groups may be arranged such that the distance A between the N pole of any 

magnetic cylinder pointing to the base pedestal 22 and the S pole of the magnetic cylinder 

that receives the magnetic field line emitted from the N pole may be larger than or equal to 

the diameter of the to-be-processed workpiece. The vertical distance B between the center 

line of each sub-magnet group and the surface of the target may be 84 mm.

[074] The shielding assembly may be used to shield the bias magnetic field device, 

preventing the target material from being deposited on the bias magnetic field device. The 

shielding assembly may include a shielding element 26. Specifically, the shielding element

26 may include a first vertical portion 260, a horizontal portion 261, and a second vertical 

portion 262. The first vertical portion 260 may be disposed to surround the inner side of the 

sidewall of the main chamber 21, and may be used to prevent the sputtered target material 

deposition on the sidewall of the main chamber 21. The outer circumference of the 

horizontal portion 261 may be connected to the lower end of the first vertical portion 260,

and the inner circumference of the horizontal portion 261 may be connected to the upper end 

of the second vertical portion 262. The horizontal portion 261 and the second vertical portion 

262 may be located above and inside the bias magnetic field device, respectively.

[075] The magnetic thin film deposition chamber may further include a support 

component 263 and a pressing ring 25.  The support component 263 and the second vertical 

portion 262 of the shielding element 26 may be an integrated structure bent from the lower 

end of the second vertical portion 262 toward the inner side, and thus form a "hook" shape for 

supporting the pressing ring 25.  The pressing ring 25 may be used to, when the base pedestal
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22 is in the process position, press down the edge region of the upper surface of the to-be-

processed workpiece 24, such that the to-be-processed workpiece 24 can be fixed on the base 

pedestal 22. When the base pedestal 22 is in the non-process position, the pressing ring 25 

may be in contact with the support component 263 and may be supported by the support 

component 263; when the base pedestal 22 is in the process position, the pressing ring 25 

may be lifted up by the raised base pedestal 22, may thus be disengaged from the support

component 263.  As such, with the help of the self-gravity of the pressing ring 25, the to-be-

processed workpiece 24 may be fixed on the base pedestal 22. In the embodiment of the 

invention, the non-process position may be located below the process position.

[076] When the process is performed, the shielding element 26, the support 

component 263, and the pressing ring 25 may cover the area between the base pedestal 22 

and the sidewall of the main chamber 21, thereby preventing the sputtered target material 

deposition on the bottom and on the sidewalls of the main chamber 21. 

[077] Optionally, an annular boss 211 may be disposed on the inner side of the 

sidewall of the main chamber 21, and the annular boss 211 may be located below the 

horizontal portion 261 and on an outer side of the second vertical portion 262.  As such, the 

annular boss 211, the horizontal portion 261, the second vertical portion 262, and the sidewall 

of the main chamber 21 may together form an annular space 29, and the bias magnetic field 

device may be located inside the annular space 29.

[078] Compared with the first embodiment described above, the bias magnetic field 

device in the present embodiment is located below the shielding element 26. When the 

shielding element 26 needs to be cleaned, it is only necessary to remove the shielding element

26 without disassembling the bias magnetic field device. As such, the time for disassembly 

and assembly may be shortened and the work efficiency may be improved. Moreover, when 
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the process is performed, the sputtering target material may not be deposited on the magnet 

assembly under the shielding effect of the shielding element 26.

[079] In the present embodiment, the bias magnetic field device may further include 

a support plate 271, an outer fixing plate 272, an inner fixing plate 273, and an upper cover 

274. The support plate 271 may be used for supporting the sub-magnet group, and the 

support plate 271 may be disposed on the annular boss 211, and may be fixedly connected 

thereto. The outer fixing plate 272 and the inner fixing plate 273 may be disposed on the 

support plate 271 and may respectively located inside and outside the sub-magnet group for 

fixing the magnetic poles (N pole and S pole) at the two ends of the sub-magnet group,

respectively. The outer fixing plate 272 and the inner fixing plate 273 may be made of a 

magnetically permeable material or may be made of a non-magnetic material. The upper 

cover 274 may be located above the sub-magnet group and may be fixedly connected to the 

outer fixing plate 272 and the inner fixing plate 273, respectively. The support plate 271, the 

outer fixing plate 272, the inner fixing plate 273, and the upper cover 274 may enclose a 

closed space, and the sub-magnet group may be located in the closed space. Since the 

support plate 271, the outer fixing plate 272, and the inner fixing plate 273 have a certain 

thermal insulation effect, this can prevent the heat in the main chamber 21 from being 

directly transferred to the magnet assembly during the process, thereby preventing the 

magnetism of the magnet assembly from disappearing, and the magnetic induction function 

from failing.

[080] In practical applications, the support plate 271, the outer fixing plate 272, the 

inner fixing plate 273, and/or the upper cover 274 may have an arc shape or a closed ring

shape; the arc shape of the support plate 271, the outer fixing plate 272, the inner fixing plate 

273, and/or the upper cover 274 may match the arc shape of the sub-magnet group.
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[081] Optionally, the bias magnetic field device may be in contact with the upper 

surface of the annular boss 211. Since the annular boss 211 is connected to the sidewall of 

the main chamber 21, this may allow heat generated by the bias magnetic field device to be 

transferred through the annular boss 211 and the sidewall of the main chamber 21, thereby 

playing the role in cooling the bias magnetic field device. Specifically, the lower surface of 

the support plate 271 may be attached to the upper surface of the annular boss 211 to increase 

the contact area between the bias magnetic field device and the annular boss 211, thereby 

improving the cooling effect.

[082] Further, optionally, a cooling channel 28 may be disposed on the inner side of 

the sidewall of the main chamber 21 along the circumferential direction. The cooling channel

28 may be used to introduce a cooling medium to cool the annular boss 211 and the support 

plate 271.  As such, the heat of the bias magnetic field device may be taken away to prevent 

the magnet assembly from being demagnetized due to an excessive temperature. In practical 

applications, the cooling channel 28 may also be disposed in the annular boss 211 or in the 

sidewalls of the annular boss 211 and the main chamber 21.

[083] Optionally, a horizontal gap D may be formed between the inner wall of the 

bias magnetic field device, i.e., the inner wall of the inner fixing plate 273 and the outer wall

of the second vertical portion 262 to ensure that the heat of the shielding element 26 may not

be transferred to the annular boss 211 and the sub-magnet groups, preventing the temperature 

of the sub-magnet groups from being too high. The horizontal gap D may be larger than or 

equal to 0.5 mm, e.g. 2 mm, and within the range, the thermal isolation effect may be

optimal. Similarly, a vertical gap C may be formed between the upper surface of the bias 

magnetic field device and the lower surface of the horizontal portion 261 to ensure that the 

heat of the shielding element 26 may not be transferred to the sub-magnet groups. The 
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vertical gap C may be less than or equal to 5 mm, e.g. 2 mm, and within the range, the 

thermal isolation effect may be optimal.

[084] In summary, the magnetic thin film deposition chamber provided by the 

embodiments of the present invention is provided with a bias magnetic field device.  The bias 

magnetic field device is configured for forming a horizontal magnetic field above the base 

pedestal.  The horizontal magnetic field is used to provide an in-plane anisotropy to the 

magnetized film layer deposited on the to-be-processed workpiece, thereby satisfying the 

needs of production equipment for preparing magnetized film layers with in-plane 

anisotropies on large size to-be-processed workpieces.

[085] As another technical solution, an embodiment of the present invention further 

provides a thin film deposition apparatus, including at least one first deposition chamber for 

depositing magnetized film layers. The first deposition chamber may employ the above

magnetic thin film deposition chamber provided by the embodiments of the present 

invention.

[086] The thin film deposition apparatus provided by the embodiments of the 

present invention is able to deposit magnetized film layers with in-plane anisotropies on the 

to-be-processed workpieces by using a magnetic thin film deposition chamber according to

the embodiments of the present invention, which may be conducive to expanding the 

application frequency of magnetic thin films, and thus meet the needs of production 

equipment.

[087] Optionally, the above thin film deposition apparatus may be further used for 

depositing a magnetic thin film stack.  The magnetic thin film stack may include a 

magnetism-isolation unit, and the magnetism-isolation unit may include at least a pair of 

alternately disposed magnetized film layer and isolation layer. The thin film deposition 

apparatus may include at least one first deposition chamber for depositing the magnetized 
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film layers, and at least one second deposition chamber for depositing the isolation layers.

Optionally, the thin film deposition apparatus may further include a transfer chamber for 

transferring the to-be-processed workpiece between the first deposition chamber and the 

second deposition chamber.

[088] Specifically, FIG. 4 illustrates a schematic structural diagram of a magnetic 

thin film stack obtained by using the thin film deposition apparatus provided by the 

embodiment of the present invention. Referring to FIG. 4, the magnetic thin film stack may 

include a magnetism-isolation unit, and the magnetism-isolation unit may include a plurality 

of film-layer groups 4.  The film-layer group 4 may include a magnetized film layer 2 and an

isolation layer 3, and the magnetized film layers 2 and the isolation layers 3 of the plurality of 

film-layer groups 4 may be alternately disposed.

[089] Specifically, in the present embodiment, the isolation layer 3 in each film-

layer group 4 may be disposed on the magnetized film layer 2, and thus the magnetized film 

layer 2 in the upper film-layer group 4 adjacent to the film-layer group 4 may be located on 

top of the isolation layer 3 in the film-layer group 4, i.e., the magnetized film layers 2 and the 

isolation layers 3 of the plurality of film-layer groups 4 may be alternately arranged.

[090] In the present embodiment, the magnetized film layers 2 and the isolation 

layers 3 in the above-mentioned magnetism-isolation unit may be disposed in pairs (each 

film-layer group is a pair). Further, a magnetized film layer 2 may be disposed on the 

isolation layer 3 of the uppermost film-layer group, that is, the total number of layers of the 

magnetized film layers 2 may be one more than the total number of layers of the isolation 

layers 3. Of course, in practical applications, a magnetized film layer 2 may not be further 

disposed on the isolation layer 3 of the uppermost film-layer group, and thus the total number 

of layers of the magnetized film layers 2 may be equal to the total number of layers of the 

isolation layers 3.
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[091] Optionally, the magnetic thin film stack may further include an adhesive layer 

1, and the magnetized film layer 2 in the lowermost film-layer group 4 may be disposed on 

the adhesive layer 1. Through the above adhesive layer 1, the tensile stress of the magnetized 

film layer 2 may be adjusted, and thus the tensile stress of the magnetic thin film stack may 

be adjusted, thereby making it possible to obtain a magnetic thin film stack having a large 

total thickness.  As such, the range of application frequency of inductor devices prepared 

therefrom may be broadened. In addition, due to the stress adjustment effect of the adhesive 

layer 1 on the magnetic thin film stack, the magnetic thin film stack can be applied to micro-

inductive devices made of large size to-be-processed workpieces.

[092] When the above adhesive layer 1 is provided, the thin film deposition 

apparatus may further include at least one third deposition chamber for depositing the 

adhesive layer 1 described above. Optionally, the thin film deposition apparatus may further 

include a transfer chamber for transferring the to-be-processed workpiece between the first 

deposition chamber, the second deposition chamber, and the third deposition chamber.

[093] By adopting a magnetic thin film deposition chamber provided by various 

embodiments of the present invention, the thin film deposition apparatus provided by the 

embodiments of the present invention is able to generate a horizontal magnetic field above 

the base pedestal with a large magnetic field strength that is sufficient to induce in-plane 

anisotropy of the magnetic thin film.  In addition, the thin film deposition apparatus does not 

limit the size of the to-be-processed workpiece, and thus can be applied to large size to-be-

processed workpieces (for example, 8-inch or 12-inch wafers).

[094] It should be understood that the embodiments described above are merely 

exemplary embodiments employed to explain the principles of the invention, but the 

invention is not limited thereto. Various modifications and improvements can be made by 
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those skilled in the art without departing from the spirit and scope of the invention, and such 

modifications and improvements are also considered to be within the scope of the invention.
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What is claimed is: 

1. A magnetic thin film deposition chamber, comprising:  

a main chamber, wherein a base pedestal is disposed in the main chamber for carrying 

a to-be-processed workpiece; and further comprising: 

a bias magnetic field device, wherein the bias magnetic field device is configured for 

forming a horizontal magnetic field above the base pedestal, and the horizontal magnetic field 

is used to provide an in-plane anisotropy to a magnetized film layer deposited on the 

to-be-processed workpiece; and 

the bias magnetic field device includes a magnet assembly disposed around the base 

pedestal, wherein the magnet assembly is configured for forming the horizontal magnetic 

field above the base pedestal; and 

the magnet assembly includes two sub-magnet groups each having an arc shape, 

wherein the two sub-magnet groups are symmetrically disposed around the base pedestal; and 

each sub-magnet group includes a plurality of magnetic cylinders, and the plurality of 

magnetic cylinders is arranged at intervals along a circumferential direction of the base 

pedestal. 

 

2. The magnetic thin film deposition chamber according to claim 1, wherein:  

in each sub-magnet group, directions of magnetic poles of the plurality of magnetic 

cylinders are parallel to each other. 

 

3. The magnetic thin film deposition chamber according to claim 1, wherein: 
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in each sub-magnet group, directions of magnetic poles of the plurality of magnetic 

cylinders are radial directions of the base pedestal. 

 

4. The magnetic thin film deposition chamber according to claim 2 or 3, wherein: 

the plurality of magnetic cylinders are disposed horizontally; and an N pole of each 

magnetic cylinder in one of the two sub-magnet groups as well as an S pole of each magnetic 

cylinder in the other of the two sub-magnet groups all point to the base pedestal. 

 

5. The magnetic thin film deposition chamber according to claim 2 or 3, wherein: 

the plurality of magnetic cylinders are disposed vertically; and an N pole of each 

magnetic cylinder in one of the two sub-magnet groups as well as an S pole of each magnetic 

cylinder in the other of the two sub-magnet groups all vertically point up. 

 

6. The magnetic thin film deposition chamber according to claim 2 or 3, wherein: 

the plurality of magnetic cylinders are disposed obliquely, and an N pole of each 

magnetic cylinder in one of the two sub-magnet groups and an S pole of each magnetic 

cylinder in the other of the two sub-magnet groups all obliquely point up along a direction 

toward the base pedestal. 

 

7. The magnetic thin film deposition chamber according to claim 1, wherein: 

in the plurality of magnetic cylinders of each sub-magnet group, a distribution density 

of the magnetic cylinders in a portion adjacent to two ends of the arc shape is smaller than a 
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distribution density of the magnetic cylinders in a portion adjacent to a middle of the arc 

shape. 

 

8. The magnetic thin film deposition chamber according to claim 1, wherein: 

the magnetic cylinders in the two sub-magnet groups are arranged: such that a 

distance between an N pole of any magnetic cylinder pointing to the base pedestal and an S 

pole, pointing to the base pedestal, of a magnetic cylinder that receives magnetic field lines 

emitted from the N pole is larger than or equal to a diameter of the to-be-processed 

workpiece. 

 

9. The magnetic thin film deposition chamber according to any one of claims 1-3 and 7-8, 

wherein the bias magnetic field device includes: 

a support plate, configured to support the bias magnetic field device; 

an inner fixing plate and an outer fixing plate, disposed on the support plate and 

respectively located inside and outside of the magnet assembly for fixing two ends of the bias 

magnetic field device, respectively; 

an upper cover, located above the bias magnetic field device, and fixedly connected to 

the outer fixing plate and the inner fixing plate, respectively, wherein: 

the bias magnetic field device is located in a space surrounded by the support 

plate, the outer fixing plate, the inner fixing plate, and the upper cover. 

 

10. The magnetic thin film deposition chamber according to any one of claims 1-3 and 7-8, 
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wherein: 

the magnetic thin film deposition chamber further includes a shielding assembly, and 

the shielding assembly is used to shield the bias magnetic field device, preventing a target 

material deposition on the bias magnetic field device. 

 

11. The magnetic thin film deposition chamber according to claim 10, wherein the shielding 

assembly includes: 

a shielding element, the shielding element including a first vertical portion, a 

horizontal portion, and a second vertical portion, the first vertical portion disposed around an 

inner side of a sidewall of the main chamber, an outer circumference of the horizontal portion 

connected to a lower end of the first vertical portion, and an inner circumference of the 

horizontal portion connected to an upper end of the second vertical portion, wherein: 

the horizontal portion and the second vertical portion are located above and 

inside the bias magnetic field device, respectively. 

 

12. The magnetic thin film deposition chamber according to claim 11, wherein: 

the magnetic thin film deposition chamber further includes a support component and a 

pressing ring, wherein: 

the pressing ring is used to press down an edge region of an upper surface of 

the to-be-processed workpiece; and 

the support component is connected to a lower end of the second vertical 

portion, and is used to support the pressing ring. 
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13. The magnetic thin film deposition chamber according to claim 12, wherein: 

an annular boss is disposed on the inner side of the sidewall of the main chamber, and 

the annular boss is located below the horizontal portion and on an outer side of the second 

vertical portion; and 

the bias magnetic field device is located in an annular space formed by the sidewall of 

the main chamber, the annular boss, the horizontal portion, and the second vertical portion. 

 

14. The magnetic thin film deposition chamber according to claim 13, wherein: 

the bias magnetic field device is in contact with an upper surface of the annular boss. 

 

15. The magnetic thin film deposition chamber according to claim 14, wherein: 

a cooling channel is disposed around the inner side of the sidewall of the main 

chamber and/or the annular boss along a circumferential direction, wherein the cooling 

channel is used to introduce a cooling medium to cool the annular boss and the bias magnetic 

field device. 

 

16. The magnetic thin film deposition chamber according to claim 14, wherein: 

a horizontal gap is formed between an inner wall of the bias magnetic field device and 

an outer wall of the second vertical portion. 

 

17. The magnetic thin film deposition chamber according to claim 16, wherein: 
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the horizontal gap is larger than or equal to 0.5 mm. 

 

18. The magnetic thin film deposition chamber according to claim 14, wherein: 

a vertical gap is between an upper surface of the bias magnetic field device and a 

lower surface of the horizontal portion. 

 

19. The magnetic thin film deposition chamber according to claim 16, wherein: 

the vertical gap is smaller than or equal to 5 mm. 

 

20. A thin film deposition apparatus, comprising at least one first deposition chamber for 

depositing magnetized film layers, wherein: 

each first deposition chamber adopts the magnetic thin film deposition chamber 

according to any one of claims 1-19. 

 

21. The thin film deposition apparatus according to claim 20, wherein: 

the thin film deposition apparatus is configured to deposit a magnetic thin film stack, 

wherein: 

the magnetic thin film stack includes a magnetism-isolation unit; the 

magnetism-isolation unit includes one or multiple film-layer groups; the film-layer 

groups include magnetized film layers and isolation layers; and the magnetized film 

layers and the isolation layers of multiple film-layer groups are alternately disposed, 

wherein the thin film deposition apparatus further includes: 
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at least one second deposition chamber for depositing the isolation 

layers. 

 

22. The thin film deposition apparatus according to claim 21, wherein: 

the magnetic thin film stack further includes an adhesive layer; and 

the thin film deposition apparatus further includes at least one third deposition 

chamber for depositing the adhesive layer. 

 

23. The thin film deposition apparatus according to claim 21, wherein: 

the thin film deposition apparatus further includes a transfer chamber for transferring 

the to-be-processed workpiece between the first deposition chamber and the second 

deposition chamber. 

 

24. The thin film deposition apparatus according to claim 22, wherein: 

the thin film deposition apparatus further includes a transfer chamber for transferring 

the to-be-processed workpiece between the first deposition chamber, the second deposition 

chamber, and the third deposition chamber. 

 


