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Research and Development of Hybrid Pulse Plasma Coating (HPPC) System

Kaoru AWAZU, Haruyuki YASUI, Noriyuki SAKUDO, Eiji SAJI, Yuushi HASEGAWA
Takeshi HITOBO, Noriaki IKENAGA, Takayuki SATO, Yukio NAMBO and Kazuo SAITOH

A project team of this R & D work comprises the researchers from one university and three institutes, and the engineers of five
enterprises in a Hokuriku district, by which a goal of this work was achieved. Obtained results are as follows: (1) Hybrid pulse
plasma coating (HPPC) system is constructed which consisted all pulse control system with gases pulse introduction, pulse plasma
generation, pulse high-voltage application. Uniform plasma was found to be generated over in a large chamber (1m?) by absorption
of RF and microwave. (2) In order to examine the uniformity of coating films of diamond like carbon (DLC), DLC films were able to
coat at the parts of complex shape (aspect ratio: [0 5). (3) DLC films were able to coat at lower temperature than 20000 and ceramic
films (TiO, and SiO,) were coated at lower temperature than 15000 on the organic materials (polyester texture, PET resin and etc.).
Keywordsd hybrid, complex shape, pulse plasma, coating, DLC film, TiO film, SiOy film.

000 0 0000000000000 00000000000
000000000000 0000000000 000000000000 00000000000
000000000000 00000000000 0000000000000 0000000000
0000000000000 00000000000 0000000000000 0000000000
0000000000000 D0000000000 0000000000000 0000000000

0000000000000 0000000000 0000000000000 0000000
0000000000000 00000000040 DOo00o0oo0o0omessd DD O O0O0O0O0OO(OO)
0000000000000 0000000000 0000000000000 000000000
‘0Uoooo “oooooooOoooo 0000000000000 000000000
0O O O O (Plasma Source lon Implantation: PSI1) 30

Oooo¥MNogopoon 2100000

- 19 -



gbobobobobobooreesuognouoooonb

OoosMMIiIB3D D OO ((oooooooonod
OOo0o0oboOOooDOoobOobooobo)ybooOoo
JRConradD 0 D0 DODOODOOOODOODOY
gbobogooaepsiiboobooboobognb

O

O oo oooogoood
O oo oo o d

O 0O oo0oo oo d

oboboboboboon

uoboobooooobobobooobaonn
gboboooooobooboboobonb
(00019920110 )00 PSIOO DO OO
O gbobooooobobobog
oboobooooobobod
gbooboooooboobod
gboobooooobood

O 0O o oo oo d
O 0O 0o o0oo0oo0oo0go d
O 0o o oo oo d
O 0o o oo o o™
O 0o oo o o od

g

gbooogboobobobdo
OO0 DOoOo

O o O O

u
0
O
O
O
0
0

O oo oo o g
O O oo o o g
O 0o oo o oo™

OO0ooOHPPOODODODODDODODOD
ob1200dboboboooognn
obobooooobobobognb

gboooobobooooboboooann
(NEDO)D DO O0DDODODDODODODODOO
o(@H)oooboobooboooooooboo

Dooooboooboobooboobo@woo

Oo0o0oo0?0000000®000000000

oo 000000000 o000000900
ooo oooooYoo0000 "ooooo
0000)00D0000DO00ODO0OO0OO0OO0OO010000

boboboboboooooood

O

Oo00o0o0oooooooooobooboo(@)yoooo
gbobogoboobobobgobouoopoooood

ooooocobooooon

1 d000obgad

gogbobooobbooobbogoobboonbno
ao
Oo00o0o0o0ooooooooobooboobo(@)oooo
gobobooboooobboobbououobooo
gogboooobbooobbooobboonbnn
ooao
ugbodg ogooooo
ooboogboboobbobobogoboobobooboo
goooobbooboooooobo,0boobO
ooooobboobooobogobooboDboDbLed
goooobooboobooboobooboobooo
oooooooogogooo.,0bobgooogogogno
000000000000 000000000°%0
gbodbobobobuoouoooobobobonn
gbobobobobuobooooooboobobonon
gbobooboooobobobooboboobd
goboboooboodoobbooob
uggogoooonbao
U bobboobdoobuoboboooooonob
gobooooboon
U gobbobobobobbodobobobobo
gogood
U bobooooooobobobobonbon
ubobobobooooooobanb
U bobooooboobobgobooobobonboo
uogbobooobobooobobooobboon
ugbooooboggbod
ubobobobobobuobuoooooood
gbogood
gbobogoobobobobgobouoooooood
gogodooooo,obboogooogbooooo
ubobobobobobuobouoopoooood
uo

gooboooogad

goo [0O000HPPCOO

gooboooobboboobbbobooo0ooogHPPE)
O000z20Q0bb200)yo0oooodPPCIODDOO?2
O0D00D0D0D00OD0D0mx Imx 1mO 0000000
O00DMoboOoObbobo0oooooooooooboboow
ooooobobbboooooooboboboooo)yoooo
ggoobbbooobobbooooobbobooooono

- 20 -



000000000030 00000000000000d
D00000001HzZODDOOD0MOO00000@ood
D0000)I0000000000000000000d
D000 (356MH)0 00000000000 (CP)OO
000000000 (@45GH)0 00000000000
D0000000000000000000000000
05020p sO00-10-20kvO 00 0103kHzZO OO OO O
D0000000000000000000000000
0000000000000 0000000000000
00000000000000000000000000
DoooOoDLCO0O00O0O0DDoOoOoooo®o

HPPC2O OO OODO0ODOO0DO0O0DI0000000
D0000000000001000000000000
00000000000000000000000000
D0000000000¢1mx 1.2m0 000000000
0000DDDOOTEOS]I SI(OCHs),00 00000000
O00D0D0Ti-(iCH0),0000000000000000
000000000000000000000000000
00000000000000000000000000
0000000000000000000000

oo oODoboooooooboboboo

HpPCUODOODODOOODODOOOObOOoOobDobooobo
Oo00o0OOObO0O0o0o0oooobbooog@ooosmyd
gobdoboobooboobboobbobbooboboo
O0@MO0O00O0o0obLO0oDO0oO0bOOn0D0DOmdHzO on/off
goboboobooobooobooobobogooblocHzZO OO
Oodog@uuoobobo)yoobobooooouo4aogg
goobboooooouoobbboooobboobobooa

g20000HPPCOOODODO

gobbooobooobooboboogsoomst ogoO
D0o000000O0o0oOooooo”o
gsgbpooboobooboobooboobogno
ODODoO00000o0obooDb40000DDOO@DD)O
dgobbbooobbbooooooououooooboboo
Oo0oO@uoooo)yoboooooooobboooooo
gobooboboooboboobodgsown dzoown 0o
gobooboobooboobboobboobbooonboo
gogoooooobobooobbooobbooobobbod
gdbodbooboobbooboboobbobbooboboo

oo obobooooogoo

O00OO0o00oo0ODO0oOo@uouooo)ybobOooodgokvO
A0 000DbO0ODO0O0bObO0ooboboooobooogon
OoooOoOOoODobODbDbODbODbiokvODOS0ADOOOOOO
O0O0000D0O0OO0o0O0oo0DbDO+x2kvO0OO0ODODOOO
godobooo@mobooboboooboobooobooon
dgobboooobboooobbooooboooogoo
ggobboooobboodooobboogobbooo
gobooboobooboobboobbooetboob

®» ©

O3HPPCOOODODOOOO

m1011 r r
'E oOd0OOO0O
o oooooa
g OOOOO ------------- o
10 *o-0 . 1
0 10 00\:
O *
O 500ms
= z
10°L—¢— '

. . . ®
-100 O 100 200 300 400 500 600 700
OO0 OOms

4 00bobooooooooono

- 21 -



ggooobbobobobbboooooooboboooogoo
O0ooobobooO0ooobobboo0ooobDbDODLp oskvO O
OO0O00D20kvOOOOO20psOO0OOODOO

oggd bObobOboOodood
goboobooboooboooboooboooboboooona
gobdoboobooboobboobbobbooboboo
gr7zdoboooboobooboobooboobooon
gooooobooon
gooboboooobboooboboooobooooo
dddbondoboouobbboooobbobboogd
O0O0off000D00000000O00O0OO0O0ODOOOON

|

60 | RF:50W |

1

1
K =
0= e o S Nd N
60 U3529§§Z}— C7Hx
0 C1H C2Hx

£ TR C3HX oy D CBHX © cpr ]
ol Ecj*:_f(:J\_i,ﬁh_JL 7 |
0 20 40 60 80 100
AMU

gs ogguoboogoboboogonan

ooooo

7 kv —]
z

3.4 A

ooooo

O0p O

e Doouoopoooooond

7 0gboodboboobobgon

gogoboobooboobooboboobuoboonbo
gogoboboooooboboobbooboobbooobboog
OObDoffO00MO0O000bobboboobboooobog
gooobobooboboboobobouoobogbodon
gbobobooiliboooobobobobnonoogba
gogooooo

oo obobooooooo

goooHPPCOOODODUOODODODOOODOOODLCOO
gogouoobboooooooboboo

gsgobouoboobboobooboobooboon
gogoooboboboooooboooooooobobooogogd
OoOoOO000o0o0oooobObOoooooooob@@Woo
0.05Pa] D OO DODO-10kvO 15000 )0 O0O0DO0OOOOO
O000o0o0boO0o0o@oooboubb (@ ooo.o5pPad
O0O0O0D0-15kvs0 0 0)Lco o oo (b 0 O 0.5Pad
OoO0oO0O0-10kvO20000)O0Oooooooooooo
gdooobboooooooobLcooogobbooog
gogobbooooobobbboboboooobbooog
S5kviokvskvOo 0 oD o ooooopbLcodoooon
ggooobboboooooobbbbooo

oo ooboobooboooooooobooo
goobbooobboboooobbouoouobboogonio
gogoboboooobboooboboooobobreco d
gogooobodoouoboobbboboooooobboboooa
gogobboooooobobooooobooboooobLcoggoon
goooobbo0ooobbooobobbouoogobbooo
gogobbooooobbobooobbooobbooo
glooNnCOogoooobLcoooooooon
goopbLcooguooooooooooouoobooood
gboboobgogboobobLcogooouooogn
doobooboboboooobbooooobogobboooo
gdbooboobooboobboobboobboboboo
OO0OO0OOTEOSH SI(OCHs), OO OOHPPCOOODODODO

gspbLcooooooon

- 22 -



OooooOOoODDbbObObObOOoogsbboooooogogo
gooobooooooobLchbooooouoooobooog
goobooobooobboboooobbooobobooog
OoboobooboboobooboobLcobooogoobon
gooo

000 00000000
0100000000000000000000000
00000000MOO0OO0O0ONO0O00O00ONooon
DA00O0D0O0O0O0D0O0O0OD/d=400000000000
0000001200000@0000(MO00000D0
00000000000000000000000000
0000000D/M=10000000000HPPCO OO0
00MO0000000000000000000000
0000000000000000000000000%0
000000000000000000000O0D/d=50
0000000000DLCO0O00O00O00O00ONoOn
0ooooo

0000000000000 00000000000
0000000000000000(GI)I00000O

80 . . .
z
O 60} C i
- B
O
5 a0} A oooooooo |
O
O ool i
o 20

O L L L

0 -5 -10 -15 -20

ooooooooonoad kv

goooooobobobobLconoooond
ubooobooboobuoooboboobonn
good

gliodobobobuobuobouoooono

gobobdobbooobooobooevboobooogoo
gzoooooHPPCOODOODOOODON3DOOD
HPPCUDOUOUODODOOOOOOoOoOoobooboooooo

ogod Obhbooooo
DLCOODODODODODOOOODODODObOa@oODDO)HYOOoOo
0000000000%000000000000004
gobooobogooobooboooboobooboooo
obooooboboooogoon oo)obLcoooogod
gooomogoooobLcoggoboboooooooo
goboHPPC2OOODOOODOOODLDOODLOOODOOD
O00O0O0O0O0OD0O0O0O0O0ODOO0ODOO0ODbODODOOsoOTIoK
ooooOoOoOOoOO@uooooPETO)DOOOOOOO
gdbbo0o0oooobobooooisocuoboooogooo

DoddbbODbd

Uilz0doooooon

gi1roo0o0ooooboobobobonbd

HPPC 0= 000
30 min 15 % 14 %
60 min 28 % 28 %
90 min 36 % 34 %
( )
Ti(OC3H;),, : 1000w, :0.46Pa,
:200sccm, : 90min



gboooboooboobuoobuoobbooboooo
gnooooooooobbbooogooboooog
ooDooooogTmio00bobOb0Ooo1moooooon
oo0oboooooooooooo

oo oOoodd

gogodHpPPCOODOOODODLOODODOODOD
gogobboooboobooobboouobooobpLeen
godbboooooobbooooobbooogbboooo
gobooooboobobooobLcoboboobooboobog
goooobbboooobbbooouoobbooog
O0O000DOOoDOOoOobDOoOooDbOogoDooTiobon
gogoboboooooobooobobooooooooogon
ooooobbbooooo

god U

gobobooooobooooobbbooouobbooo
gopbLCcObboobtboooouooboboomobooo
gdootobbbooooooogobbbbboooogoo
gogoooooobbooobboobbooobboog
gogobboodobdoooooobooooooobobooog
3000000 bboboboboooo0oo0moogogoog
godboooboboboboooboboodHPPCOOUODOODO
goooooobboouobboobbooobbooa
gobodooboopbLcbobobooobooobooboobog
ggooboboooooboboooooboooobbooogyg
dooboooobobooobobooooboopsiocogoon
gdoouobbbboooooboobLcoggbobooog
SOO0O0TooooooboobbooboboboOoOOooOooon
gogobobooooobboooooboooooooogn
gogooooon

O O
000000000000000000000000
(NEDO)O O DOOODODOOOOOODOO0OO0O0O00(@)
00000000000000000000000000
000000000000000

oo

1) JR.Conrad, J.L.Radtke, R.A.Dodd, FJWorzala and
N.C.Tran: Plasma Source lon-Implantation Technique for
Surface Modification of Materials, J. Appl. Phys., Vol.62,

p.4591-4596 (1987)

2) JV.Mantese, |.GBrown, N.W.Cheung and GA.Collins:
Plasma-Immersion lon Implantation, MRS BULLETIN,
p.52-56 (1996)

JoO000: 00000000000 o000ooooOog
O, 0000, Vol.67, p.664-667 (1998)

4) JR.Conrad: Recent
Implantation, SMMIB93, Abstracts I-21, p.45 (1993)

500, 00: 000 11-297493.

6) N. Sakudo, K. Awazu, H. Yasui, E. Sgji, K. Okazaki, Y.

Results in Plasma Source lon

Hasegawa, N. lkenaga, K. Kanda, Y. Nambo, K. Saitoh:
Development of Hybrid Pulse Plasma Coating System, Surf.
Coat. Technoal., Vol.136, p.23-27 (2001)

7) K. Awazu, N. Sakudo, H. Yasui, E. Sgji, K. Okazaki, Y.
Hasegawa, N. lkenaga, K. Kanda, Y. Nambo, K. Saitoh:
DLC Films Formed by Hybrid Pulse Plasma Coating
(HPPC) System, Surf. Coat. Technol., V0.136, p.172-175
(2001)

g, oo, o0o0,oo,o00,0d,o0o0:ogad
000000o0o0ooOooooooooooEPPCOn
goooobLcooog, dledodobooboood
ooo0ooODbO0,p3539 (200001100 00)

9) Y. Funada, K. Awazu, K. Shimamura, M. lwaki: Thermal
Properties of DLC Thin Films Bombarded with lon Beams,
Surf. Coat. Technal., Vol.103/104, p.389-394 (1998)

- 24 -



