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Fig. 1. Schematic diagram of the cylindrical cathode.

H H oy (A/m) BB IRZRE; J (A/m?)
N L 5 Neoi, Acon (%) FI Loy (A) 7351 4
1o 2 Pl 1 K5 . 8T AR L I 5 Hpager (A/m) 2K
TKBERBIRETIRIE ;. Viagnes (A) AIKBERAIRERREY;
fo = 4n x 107 N/A? Ry ELAS T 55 p, AR R
SR e = 1.6 x 1019 C JgBAL7 i 09,

2.2 MHEMHEE

FIFIRET-RA% / 5205 R 2% (particle in cell/Mo-
nte Carlo collision, PIC/MCC) I /i fL 11 J& ) &
TS PR R4 1 45 3 A s rl (7 L 119200, AR
vh, T R Ry BRSO R S He b, BE AL B,
Ji29-800 V, FEEHUR A Ar <, A 300 K,
SR 1.0 Pa. WG FHI Art BB E N 1 x
104 m 3, 5 i A rp s FL DX 23Sl BEATLIRC 3600
MG E Art BT B T, BRI 2 Maxwell 43
10, BRFRER 2 x 108 AN SLhrki 1. T E
XS H BRI | R0 UG 205 B X ) o3 il 22
ARGF A 1 mm x 1 mm BIETTIE RIS, BRI
AT Ar SR R, BARRON ange 1 g, H
TWRHF RS R B Trim A E IR 1LAb,
D5 B R v 2 B4 BRI = B, AL B
BAK N1 x 102 s, I HFENMEKZ AR E T
THPA DT B A B Ry A TR R 10,

®1 A U ER R

Table 1.  The main reactions of simple Ar gas discharge.

B0 SRR /eV ST
e+ Ar— Ar+e — P
e+ Ar — ArT + 2e 15.76 HL B
e+ Ar— A e 11.56 W
e+Ar"™ — Ar+e ~11.56 5393
e+ Ar'™ — Art + 2 4.2 HL B
Art + Ar — Art 4 Ar — Gl
Art 4+ Ar — Ar + Art — FHLfuf A 4

2.3 HEMEK

B IR AE R S 600 mm x 600 mm x 500
mm 1 B2 N 1T, Br B RS Melee GmbH
A R DRk vp g I S R, FL R 600—
1000 V, kupii#R: 50 Hz, Jkih 5 BE: 300 ps. M5
#04 Cr #(99.5%), #EAAE: 120 mm, #M%: 132 mm,
B 46 mm. AJERESS: 1.0 x 103 Pa, BHS)E:
1.0 Pa, WS UA Ar(99.99%).
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Fig. 2. Effects of coil current on the target magnetic field: (a) Tangential magnetic field strength B.; (b) longitudinal magnetic field

strength B,.
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Fig. 3. Magnet arrangement and magnetic induction lines distributions in the cylindrical cathode under —15 A: (a), (d) Before im-

provement; (b), (e) with the central magnets; (c), (f) with the central magnets and dipole magnets.
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Fig. 4. Effects of central magnets strength on magnetic induction lines distribution of target surface: (a) Tangential magnetic field

strength B,; (b) longitudinal magnetic field strength B,.
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Fig. 5. Effects of dipole magnets strength on magnetic induction lines distribution of target surface: (a) Effects on tangential mag-

netic field strength B,; (b) effects on longitudinal magnetic field strength B,.
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Fig. 6. Effects of distance between the central magnets and the rear face of target on magnetic induction lines distribution of target

surface: (a) Tangential magnetic field strength B,; (b) longitudinal magnetic field strength B,.
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Fig. 7. The magnetic distribution of target surface and the discharge prediction before and after improvement: (a), (b) The tangen-

tial magnetic field strength B.; (c), (d) the longitudinal magnetic field strength B,; (e), (f) the distributions of Ar* ions at 0.4 ps.
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Fig. 8. The etching width and plasma flow pictures: The
etching width (a) before and (b) after the improvement; the
plasma flow pictures (c) before and (d) after the improve-

ment.
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Fig. 9. Target voltage, target current and ion current curves under different target voltages: (a), (c), (e) Before the improvement;

(b), (d), (f) after the improvement.
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Magnetic field optimization and high-power discharge
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Abstract

High-power pulsed magnetron sputtering (HiPIMS) can produce high density and high adhesion coatings
due to the high ionization. However, industrial application of HiPIMS is limited because of the unstable
discharge and small deposition rate. A cylindrical cathode, developed on the basis of hollow cathode effect, can
improve the discharge stability. With the development of electromagnetic systems, the plasma transport is
improved, and thus increasing the deposition rate significantly. However, the introduction of electromagnetic
system leads the strong discharge and large etching area on the target to be incompatibly controlled. In this
work, the distribution of the tangential and longitudinal magnetic field on the target surface are improved by
adding external magnets, and their effects on the plasma discharge are studied. By optimizing the magnets, the
tangential magnetic field on the target surface becomes stronger and more uniform. Meanwhile, the peak of the
longitudinal magnetic field increases from 73 to 96 mT and the peak location expands to two-sides of the
cathode. The simulation result shows that the target etching area described by the proportion of the target area
with the tangential magnetic field intensity higher than 40 mT increases from 51% to 67%, and the HiPIMS
discharge studied by the particle in cell/Monte Carlo collision (PIC/MCC) method and plasma global model
shows that the ion current and spectral intensity are significantly enhanced, exhibiting a doubled Cr density of
2.6 x 10 m™ and an increased ionization from 90% to 92.1%. The practical Ar/Cr HiPIMS discharge is carried
out separately with the original and optimized cylindrical cathode, and the results reveal that the brightness of
plasma glow, the target current and the etching area all increase after the improvement. Furthermore, the ion
current and the optical emission spectrum suggest that the flux of ions arriving at the substrate is
approximately doubled, which means that an about doubled deposition rate of the optimized cathode is

achievable.

Keywords: high power impulse magnetron sputtering, electromagnetic coordination, discharge enhancement,

transport efficiency
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