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Abstract: To address the problem of uneven cathode
magnetic field distribution on the target surface during the
coating process of existing magnetron sputtering devices, a
new Ltype of rotating cathode magnetic field device is
designed. The device drives the magnetic field through a
rotating mechanism, and the cam mechanism is used to make
the magnetic field to move up and down in a straight line.
Firstly, a three-dimensional model of the device is drawn
using 3D software. Secondly, a finite element analysis of the
magnetic induction intensity of the cathode magnetic field is
performed. Finally, the magnetic field is optimized by
adjusting the height of the yoke, the length of the extended
arm, and the distance between the yoke and the target
material , and the numerical simulation curves before and after
optimization are compared and analyzed. The results show
that the uniformity of the magnetic induction intensity curve of
the cathode magnetic field is improved from 21% to 6% after
optimization, which effectively improves the uniformity of the
magnetic field on the target surface, and beneficial to ensure
stable operation of magnetron sputtering.
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Fig.1 Overall structure of magnetron sputtering device
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Fig.2 Three views of the structure of the target-

substrate mounting bracket
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Fig.3 Three views of cooling box structure
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Fig.4 Structure of the magnet rotating frame
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Fig. 6 Schematic of unbalanced magnetron sputtering

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AL SERINT, 45 5146, %3
Electric Machines & Control Application, Vol. 51, No. 3, 2024

63

B7 R TEE

Fig.7 Schematic of rotating magnetic field

B8 wWEMNEFHREE
Fig.8 Schematic of adjustable magnet position
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Tab.1 Material characteristics of components
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Fig.9 Structures of target material and permanent

magnet
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Fig. 10 Three views of the structure of the target

material and permanent magnet
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Fig. 11 Dimensional location of each component
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Fig. 12 Cloud chart of initial magnetic force line

distribution

2.4 PAMRELIARIMRAL

TEBARR GG W BTt v, T A 30 S g o 2
T HLA S B W BB S o A KRR A BE R 2
S v WA S 3, [ I o A ) T 418 g v T AR
ARSI A5 BT A A AT ) A T T

B 13 $E_EFH 5 mm A EZ% FRRHRETL & E
Fig. 13 Curve chart of magnetic field intensity change
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Fig. 14 Magnetic field distribution at 5 mm above
the target surface at different yoke heights
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Fig. 15 Magnetic field distribution at 5 mm above the
target surface with different extended arm lengths
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Fig. 16 Magnetic field distribution at 5 mm above the

target surface under different yoke target spacing
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Fig. 17 Cloud chart of optimized magnetic force line

distribution
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Fig. 18 Comparison curve of magnetic field before

and after optimization
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The basic principle of magnetron sputtering
refers to the continuous bombardment of the target
material surface by reactive gas ions under the action
of orthogonal electromagnetic fields, causing the
splashed particles to deposit on the substrate and
form a thin film. This coating technology has two
high

Therefore, magnetron sputtering has

major characteristics ; speed and low
temperature.
been widely used in the production of various types of
optical, surface modified and

films, such as

decorative films. With the rapid development of
science and technology, the living standards continue
to improve, and the requirements for magnetron
sputtering coating technology and the pursuit of film
quality continue to increase. However, the existing
magnetron sputtering devices have design flaws in the
internal structure of the magnetron cathode, which
cannot provide a uniformly distributed magnetic field
on the target surface, resulting in uneven sputtering
etching of the target surface and the formation of a
“runway” like surface contour. In areas with high
plasma density, severe sputtering etching may occur,
resulting in deep grooves, reducing the utilization
rate of the target material and even affecting the
stability of the sputtering process and film quality.
Therefore, it is urgent to study the structural design
of the cathode magnetic field inside the magnetron
sputtering device.

This paper focuses on the problems of uneven

S7

distribution of cathode magnetic field on the target

surface during the coating process of existing
magnetron sputtering devices. A new type of rotating
cathode magnetic field device is designed. The
device is driven externally and then driven by an
internal rotating mechanism to move the magnetic
field in a circular motion. At the same time, a cam
mechanism is used to make the permanent magnet
move up and down in a straight line, achieving the
effect of magnetic field adjustment. This paper
applies 3D software to draw a three-dimensional
model of the device, and uses commercial finite
element software to simulate and analyze the cathode
magnetic field. The influence of size parameters such
as yoke height, extended arm length, and yoke target
spacing on the cathode magnetic field is analyzed to
determine the optimal solution. As for the example
in this induction

studied the magnetic

paper,
intensity is more uniform when the height of the
magnetic yoke is 65 mm, the length of the extended
arm is 30 mm, and the distance between the
magnetic yoke and the target material is 45 mm,
which can effectively improve the uniformity of the

field the After

optimization, the uniformity of magnetic induction

magnetic on target surface.
intensity curve at 5 mm above the target surface is
improved from 21% to 6% . And the magnetic field
distribution is more uniform, which is beneficial to

ensure the stable operation of magnetron sputtering.
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