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To deposit thin diamond-like carbon

films a pulsed cathodic arc method has Graphite

: h
been developed. A special plasma Cathode
source was designed and manufacture
Carbon plasma is formed in vacuum of Cathode
102...103 Pa as result of a short-time Spots
electrical arc discharge between water
cooled graphite cathode and I-like N\ |
anode using energy of the capacitor ' / \ C = 2400 uF
bank magazine. [T 1\ =30

| [\ |
‘_13-(\_)_9 ‘

Cathodic spots and current diagram
of a pulsed arc discharge: Current
maximum is about 3000 A, Pulse
duration is about 27(s




DL C film characterization
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= . 500 = xﬁ’/ \\;\ f 10 ; ‘ODLC_l.xIs Hardness ® DLC_1.Ms Modulus‘ “ 200
1.0 pm/div 5 | 0 I 0
e 1250 W 17550 2050 2 0 50 100 150 200
égglggi%ev\?;f?re DLC film Raman shift Displacement Into Surface (nm)
Ra = 0.19 nm, Rq = 0.34 nm D-peak position: 1379.1 cm-1  Hardness & Young’s modulus nanoindentation
Rv-p _ 1596 nm ’ G-peak position: 1574.1 cm-1  depth for the 1200 nm DLC film on the WC substrate
Iy/lg = 0.15 HV = 8500 (85 GPa), E = 950 GPa
DLC film specification Problems
Density, gram/ct 2.9...3.2 Thickness, nm 50...200 « Low denosition rate
Hardness, GPa 60...85 Roughness Ra, n2...M5 P

Huge compressive stress

Low film thickness
Non-uniform film thickness
Presence of a lot macropartices

Yung module, GPa 650...950 Friction coedht 0.05...0.1
Friction coefficient 0.08...0.1  Thermallstay, °C 300...350



ethods of DLC Film Deposition

Chemical Vapor Deposition (CVD)

Plasma deposition
(PECVD)

Hot filament

Glow discharge RF & MW
plasma plasma

Physical Vapor Deposition (PVD)

4y

Argon sputtering

Laser ablation
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Physical & Chemical Processes

DLC film

H-C=C-H - H-C+ H-C 9.9 eV
H-C—->C+H 4.2
H-C=C-H - H-C=C+H 5.7
H-C=C - H-C+C 7.7
H-C—->C+H 4.2
C=C—->C+C 8.4
Ervin K.M., Gronert S., Barlow S.E. et. Bond

Strengths of Ethylene and Acetylene. J. At.
Chem. Soc. 1990, V. 112, P. 5750-5759

N = V2TL(R, + Reopp) PIKT
Reonz = ¥2(0.319 + 0.138) nm
L=30cm, T =300 K

N, = 70 eV/ 5.7eV = 12;
|\lmin =1

Conclusion:
Effective acetylene pressure
range is from 0.1 Pato 1 Pa




{ Deposition Rate & Uniformity of DLC Films

3, Thin and
£ 3, non—uniform
F S DLC coating
q, 1
o
o 2,
- Thick and
g uniform
B DLC coating
a 0,
()
O o

00 04 08 1.2 16 20
Acetylene vapor pressure, Pa

Dependence deposit rate of a DLC film on
acetylene vapor pressure

Conclusion:
v Deposit rate in acetylene gas presence increasas$amnyor of 3 comparing to that in vacuum
v Uniformity in the film thickness is enhanced from2 to 60% all over the substrate area of 1080 cm
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Consol
Substrate
Holder

Substrates

Mirrot

Thermocople

Vacuum chamber
Deflection
Scale

Substrate to check film thickness
Substrate to determine stress

Drawing of stress determination situ

Stress, GPa

0,0 0,5 1,0 1,5 2,0
Acetylene vapor pressure, Pa

Stress dependence on acetylene pressure

Conclusion:
v’ Stress can be reduced in several times
by introduction in vacuum chamber
acetylene at low pressure



DL C coating characterization

Table of DLC film element content

Elem Wit% At%
ent
C 45.05 81.86
O 1.66 02.27
?100.1"1.' a S 887 0689
y C
TEM pictures of nanocomposite DLC:Ag film contaigisilver of u
(A) 3.5 at.% and (B) 9.0 at.%. Insert is an eletidiffraction pattern.
T T _—
2.0 0.015
" Roughness
*2 1 parameters:
. Rp-v =14.52 nm
02 0.50 pm/div
Rqg =1.88 nm
[ _ Ra = 1.46 nm
0.50 um/div
o0 io'ﬂflm 3&'—4..30 ik T sk s} Ht = 6.09 nm

Electron microprobe spectrum of AFM image of DLC:Ag film

DLC:Ag film



Number of bacterium in Goryaev
cell (square of 1/400 min

Control 6450

Ti alloy (Al6.8%,V5.3%) | 4485
Ti alloy + Ag 4577
Ti alloy / DLC film 4705
Ti alloy / DLC film + Ag 2689

v . : . ¥
O\ | g .
A Tt 1O
. -t i Y Ay LM ™,
¢ ol . . .
- ’ + o Ve 5 ok
. - ¢ "y DU B ¢
» 4 A O i)
) Ml . N =&
i i (L a
vy O - VY . r . AY WYL S

Bacterium of Staphylococcus Aurton (A) titanium
(B) titanium+ DLC and (C) titanium+ DLC:Ag substrate

Glioma C6 cells destruction on titanium
substrates coated with DLC films

Destruction, %
Type of Coating
3 days 5 days
Control 3.4 5.4
Without coating 9.3 33.2
DLC 6.2 39.9
DLC+3.5 at.Ag 11.8 53.7
Rat Glioma C6 cells placed on (A) titanium, (B) tilam+ DLC, DLC+6.5 at.%Ag 13.8 66.7

and (C) titanium+ DLC:Ag substrate



\ ARBON COATINGS FOR MEDICINE

Commissured
implant

| Qone cavity

"I_plaﬁt iImmersing in

Kind of coating | Number of | al- o2-
onto titanium lab animals| Antitripsin Macroglobulin
Implant (rat) (umol/litre) (umol/litre)
Control 3 4.63 1.42
Without coating 3 1.77 1.26
DLC coating 3 2.95 1.28
DLC:Ag coating 3 3.04 -

Conclusion
DLC coating:
v’ prevents growth of the
commissure tissue around the
implant surface
v’ prevents a large disturb of
immune system at implantation
v'nanoparticles of silver reduce of
bacteria content almost 2 times



A special machine was
designed and
manufactured in order
to plasma electrolytic
polish titanium implants
before DLC film
deposition.

Arc vacuum machine UNIPA 01-001
are used to deposit DLC coating
onto medical implants
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Kinematic scheme of
the equipment
assigned for DLC film
deposition on the
bodies of artificial
heart valves

armtsal Hewt Ve s v UHIBPA-10011 wacuism chiasbe




(A) Artificial head valve, (B) Back bone holder, (C) Titanium plates coated with DLC and TiO,
(D) {-ray image of the titanium implant with DLC coating, (E) Rotor of the blood pump for the apparatus of the
artificial left ventricle of heart, (F) Ultrasonic waveguide of the thrombus destruction set in human veins



Conclusion

* Pulsed cathodic arc burning in the presence of any hydrocarbon vapor at low
pressure provides high deposit rate due to two sources of carbon specimens —

cathode spots and decomposited hydrocarbon molecules.

* The combined method gives a possibility to deposit low stressed and high uniformed
DLC coatings all over the substrate area.

« Additional arc plasma source is used to dope DLC film with silver in form of nano size
disks intercalated in amorphous carbon matrix.

* The nanocomposite DLC:Ag materials possess excellent biocompatible and
antibacterial properties as well as prevent tumor cell growth near the implant coated
with the composite films.

( Collaborate Modes )

v' Research & Development Project

_ We are ready...
v Equipment & Technology Transfer

and you?

v' Joint Laboratory
v Intellectual Property Rights Transfer

15



Wy T

L]
.
-
|
!
-

T
w@&w@xaagﬂF
.
g e
-
-
-

-
=
-

=
-
o
.
i
e

e

|
o
- |
-

-

.

-

-

-

-
=

.
.
-
o
-
.

i
-
.
-
-
.

.
-

]

-
-
.

o
s
- : -
.
-
-
-

-
-
-

-
-

.
.

.
-

S

.
-

-

S

.

.

.
=
-
.

-
.
-

e
.
.

.
e

.

-
-

i
e
.
-
-
.
.
-
-
-
.
.
-
-
.
-
-
-
.
-
-
.
-
.
.
.
.
s

.
.
-
i
¢
-
-
E
-

-
-
-
-
-
.

-

-

-
-

-
.
-

-
-

-
-
.
.
.
.
¢

-
.
o
L
.

i
-
-

=
.

-
-

-
.
.

S
S
S
e
S
.
-
.
.
e
-

-
-
-
e
1
]
-
-
-
B

S
.
.
.
s
S
s
.
.
E
|
o
k-
.

-
=
-
-
-
i
e
-
.
-
-
-
-
-

.
.

-
o
-
-

-
-
-
-
-
.
.
-
-
.
-
:
N
5
.
.
-
-

.

.
.
o
S

.
g

-
.

.
P
g
i
£
iy
-
-
-
e
-
-

-
i
4
y
-

=
| ]
B
.
o

o

-
.

-
-
-

o
.
-
-
.
-

.
-

-

-

.
- s
- - e
. _
. =

s .. =
r
.
a8
.
..

*
.
.
.
|
|
-
|

.
i
g7
£
.

.
-
.
o
.
.
.
.
.
=
_
.
{
.
i
\

*
.
.
.
.
.
=
.
=
5
5

.
-
-

-

it

.
-

it

o
.
.
]
|
{
|

P
. e

.

.

o

-

-

-

-

-
-
R
-
S **g*
.
o

S

-
-
-
.

.
.
-

-
.
.
.
-
-
-
.
-
-
-
"

*
.
.
.

.

.
.
‘

.
.
.
-
.
-
.
.
.
-
-
.

-
-
-
.

< SR
e
-

-

e

-

-
.
.
-
-
=
.

.
-
-

.
.
o
.

.

.
.

.
.
-

.

-
.
.

-

o
.
.

*
.
-
-

-
-
.
-
.
.
.
-
-
-
.
-
.
o
o
-

*
.
e
it

\
1
3
]
Sy
g
.
.
.
o
1
|
&

-
-
-

-

o

.
e

-
.
.
v
.
-
g

-
.

.
-
=

.

.

-
- -

-
-
-
e
-
-
. -

*
.
s
i

.
.
i

P

-
.
L
.

*
.
i
.
.
-
5
1
i ©

-
[

-
-
.

-
-

*
-
-
.
-
.
o
.
.
.
.
N\

f
.
.

5t
e

.
L
o
.
.
.
.

-
o
-
-
.

p
&
|

L

.

o
.

-

-
-
|

o
-

.
.
.
|
.
R
.
.
.
.
-

-

o
=
-

. =
.
o
.

o
-
-
-

.
.
-

-
.
.
.
-
-

e

-
-
o

-
.
-
.
-

-
|

-

-
-
.
.
-
-

|
-
|
L
|
i
-

KAPITAL LUDZKI - UNIA EUROPEJSKA
EUROPEJSKI

NARODOWA STRATEGIA SPOINOSCI
FUNDUSZ SPOLECZNY

*
m

f- s o ar— OIS & W

Projekt wspoffinansowany przez Unie Europejskg w ramach Europejskiego Funduszu Spotecznego




