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Ultra-high-speed PVD technology based on sputtering for one-by-one processing
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In this study, we prototyped a device that performs MS (Magnetron

Sputtering) on the outer surface of a rod-shaped substrate using magnetron discharge along the inner
surface of the cylindrical target that surrounds the entire circumference of the substrate. We
compared the case where the prototype device was driven in DC discharge mode (DCMS method) and the
case where it was driven in high power impulse discharge mode (HiPIMS method). Specifically, a TiN
film was formed in a nitrogen-containing atmosphere with a cylindrical target maed of Ti. Discharges
with the same target voltage (-400 V) and average power density (3.66 W/cm2) were obtained by the
DCMS and HiPIMS methods. We compared TiN films formed on the outer surface of steel rods (diameter
10 mm, length 80 mm).
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Fig. 2. Schematic of magnetron sputtering equipment with a cylyndrical
target surrounding a rod-shaped substrate.

N S Tablel. Coating conditions
2 Deposition mode HiPIMS | DCMS DCMS
75 mm Ar 21 2
2 Gas flow, sccm
N, 1 6
94mm 125 Deposition pressure, Pa 0.3
goo 25 mm Deposition time, min 120
Average power, W 600
Pulsing conditions(7,, : Pulse on 1160 ,
r z = 35mm time, us f: Pulse frequency, Hz) =500
17.5mm 341mT r Peak target current, A 206 1.88 1.50
Z = 3Bmm -17.5mm Peak target voltage, V -400 -320 -400
34.7mT Peak target power density, W/cm? 502 3.66
HiPIMS HiIPIMS lonautics HiPSTER6
DC MAGNA-POWER SL1000-6.0 DCMS
DC KIKUSUI PAT650-12.3T
SUS304/J1SG 4304 10mm 120 mm
13mm 1.5mm SKH51/J1S
G 4403 013 mm x13 mm 2.5mm
29 mm Ar N2
TiN
(TMP) 1.0x10-3Pa
600 W Tablel Tektronix
TBS1064
z=-37.5mm-37.5 mm Ti 164 cm2
520 mm
r=30 mm
SOLinstruments MS 3504i ICCD Andor Technology iStar
1800 /mm 0.3 nm Ti
Ti 370nm 350 390nm
1
Ar:21 sccm, N2:1 sccm HiPIMS
600 W -400V
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Fig. 3. Photograph of test pieces coated with TiN by HiPIMS and DCMS.
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Fig. 4. Comparison of X ray diffraction patterns of TiN films deposited by HiPIMS and DCMS.
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DCMS Ar:2 sccm, N2:6 sccm 1.27 um 13.1 pm
2.66 um / 10.6 nm/min
109 nm/min 22.2 nm/min
HiPIMS DCMS Ar:2 sccm, N2:6 sccm 1895, 1082
HV HiPIMS DCMS Ar:2 sccm, N2:6 sccm
0.0417 um  0.2635 pum Table 2
3 TiN
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-400V 10 ps
206 A
82.4 kW
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