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Production of high-density plasma using pulsed glow discharge and its applications
for surface treatment

TAKAKI, Koichi
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DLC 1GBT

10e18m-3 1-9eV 15mN DLC SP3/SP2 0
.55

Repetitive high-power pulsed power generators were developed for production of
high-density plasmas in wide gas pressure range from 0.1 Pa to atmospheric gas pressure. The produced
high-density plasmas were utilized for plasma thruster, surface treatment of polymeric materials and
amorphous carbon thin film deposition on the 3D materials. The repetitive pulsed power generator
consisted of four insulated gate bipolar transistors (IGBTs), capacitors and dc high voltage power
supply. The high-density plasmas were produced with the developed pulsed power supply and was controlled
spatially using unbalanced magnetic field generated with permanent magnet array. The produced plasmas had
more than 10e18m-3 in number density, and 1-9 eV in electron temperature. The produced plasma provided 15
mN in thrust force and prepared amorphous carbon thin film on 3D material. The SP3/SP2 ratio of the
prepared film was 0.55 analyzed by Raman spectra.
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Fig 1. Pulsed power circuit using SOS diode.
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Fig 2. Typical waveforms of output voltage,
discharge current and energy consumption.
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Fig 3. Temporal development of plasma at w/o and
w/ arrester.
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Fig 5. Measured waveform; output current (upper)
and FET voltage (lower).
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C: Stored capacitor (20 uF)

ICC: Image converter camera

IGBT; Insulated gate bipolar transistor |
MBP: Mechanical booster pump

PuG: Delay pulse generator
PuM: Pulse modulator

R1: Current limiting resistor (5 Q)
R2: Output resistor (20 kQ2)

RP: Rotary pump

SHE: Substrate holder electrode
SW: Switch

TMP:Turbo molecular pump
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Fig 6. Shunting plasma generation circuit.
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Fig 7. Waveforms of voltage (a), current (b) and
consumed power (c) in the rod and the glow plasma

at 12 pus and 80 us pulse width of the applied voltage.
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Fig 9. SEM images of deposited DLC film surfaces
prepared by a shunting glow (a) and a shunting arc
(b), respectively.
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Fig 10. HiPIMS plasma generation circuit.
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Fig 11. Still photos of plasma for n =1 at 7 us.
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Fig 12. Spatial distribution of light emission at 7 ps.
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Fig 13. Observed XPS spectrum with curve fitting
using Gaussian curves.
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Fig 14. (a) Schematic diagram of the experimental

setup. (b) Calculated axial profile of the magnetic

field Bz on the axis for a 5 A solenoid current (solid

line), together with the measured one (filled squares)

for a 5 A dc solenoid current.
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