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Fig. 1. (color online) The tangential magnetic distribution of the target surface of the cylindrical sputtering

source: (a) Tangential magnetic intensity distribution; (b) the image of the discharge glow.
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Fig. 2. (color online) The schematic diagrams of the

electric and magnetic field improvements to the cylin-
drical sputtering source: (a) Electron blocking plate;

(b) magnetic compensation.
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Fig. 3. (color online) The stabilized plasma electric
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potential distribution: (a) No electron blocking plate;
(b) electron blocking plate (10 mm height).
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Fig. 4. (color online) The electron density distribu-
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height).
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Table 1. The plasma density in the cylindrical sputtering source with different electron blocking plate widths.

i R 4R B RYE 2T LG RRIE 2N B RS S 1] Hh g
W /mm  RKEHTAREE/m™3 FHEETEREE/m™3 RREHTHE/m™3  TPYEE A% /m—3
10 9.67 x 1016 1.74 x 1016 6.4 x 1016 2.0 x 1016
15 1.27 x 1017 2.03 x 1016 7.6 x 1016 2.3 x 1016
18 1.29 x 107 2.06 x 1016 8.1 x 1016 2.5 x 1016
20 1.45 x 1017 2.09 x 1016 7.3 x 1016 2.4 x 1016

2 AN T LR AR ) SR R A A
Table 2. The discharge conditions of the cylindrical
sputtering source with different electron blocking plate
widths.

N N T LR A .

4R 58 /mm NE/Pa E/N WA MR AS
6 3.0 504 0.7 4K 478
10 3.0 513 0.7 ¥15]
14 3.0 400 0.7 %1%
18 3.0 377 0.7 %1%
22 3.0 362 0.7 %1%
26 3.0 354 0.7 %15
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Fig. 5. The distribution of the magnetic induction line vs. magnetic strength of the compensation magnets:
(a) 0 mT; (b) 50 mT; (c¢) 100 mT; (d) 150 mT; (e) 200 mT; (f) 300 mT.
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Fig. 7. (color online) The electron density distribution at the longitudinal and central cross-section of
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Fig. 6. (color online) The tangential magnetic inten-

sity distribution on the target with the compensation

magnets strength of 100 mT.
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the cylindrical sputtering source at 5 x 10~7 s: (a) Longitudinal section without magnetic compensation;

(b) central cross-section without magnetic compensation; (c) longitudinal section with 100 mT magnetic

compensation; (d) central cross-section with 100 mT magnetic compensation.
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Fig. 8. (color online) The etching ring of the discharge test: (a) The initial cylindrical sputtering source;

(b) the cylindrical sputtering source which adopts the improvement of the electric field; (c) the cylindrical

sputtering source which combines the improvement of the electric field and the magnetic field.
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Abstract

High-power impulse magnetron sputtering (HiPIMS), a new physical vapor deposition technique which combines
the advantages of the high ionization rates of the sputtered materials and control of electromagnetism, has been widely
used to deposit high-performance coatings with a large density and high adhesion. However, HIPIMS has some intrinsic
disadvantages such as the low deposition rate, unstable discharge, and different ionization rates for different materials
thereby hampering wider industrial adoption. We have recently designed an optimized cylindrical source based on the
hollow cathode effect to circumvent the aforementioned limitations. However, during the operation of the cylindrical
source, the discharge is inhomogeneous and the etching stripes are nonuniform. In order to determine the underlying
mechanism and optimize the electromagnetic control, the discharge in the HiPIMS cylindrical source is simulated.
The tangential magnetic field distribution on the target surface of the cylindrical sputtering source is inhomogeneous
and electron runaway is serious, resulting in a relatively low plasma density. Two solutions are proposed to improve the
situations. The first one is electrical improvement by installing an electron blocking plate, and the second one is magnetic
improvement by adding compensating magnets. Our simulation results of the first method show that a potential well is
produced by the electron blocking plate to suppress electron runaway and the plasma density is improved significantly,
especially around the central cross-section of the cylindrical sputtering source. The discharge becomes homogeneous,
and the etching stripes are uniform albeit not full enough. The second method of magnetic improvement significantly
improves the homogeneity of the tangential magnetic field distribution on the target surface and the target utilization
rate. After adding the optimized compensating magnets, the shape of the effective area (the value of the tangential
magnetic field in a range of 25-50 mT) on the target surface can be controlled and made zonal. The target utilization
rate increases to over 80% from 60%. In order to obtain the optimal conditions, the two techniques are combined. A
larger and more homogeneous etching ring is observed by adopting both the electrical and magnetic improvements as
predicted and explained by the simulation results. It can be concluded that the combination of the two improvement

techniques can improve and optimize the HiPIMS cylindrical source.

Keywords: high power impulse magnetron sputtering, discharge in cylindrical source, electron blocking

plate, magnetic field compensation
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