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Diamond-like carbon (DLC) with comprehensive performance of low friction coefficient, high hardness, good
abrasion resistance and high chemical stability gets wordwide excellent scientific research workers and enterprises
attention. But because of the influence of DLC s preparation method and its limitation of the micro structure, its
internal stress is very high and the adhesion strength is low. In order to improve bonding strength of DLC films, CrC
is added as the transition layer between the film and substrate, preparation parameters and multilayer structure of
CrC transition layer are researched. In order to further improve the DLC films binding strength for mechanical
properties, WC transition layer was prepared by hybrid PACVD and PVD processes comparing with the traditional
preparation system on the differences of structure and mechanical properties. The two interlayer studies proved that
PVD interlayer played a key role in high quality DLC coating. It provides a new way for large-scale produced DLC
films with low cost and excellent comprehensive properties.
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Shenzhen and Shenzhen Vacuum Industries HSZEAR

TRITREE METAL

* Shenzhen forms part of the Pearl River Delta megalopolis. The city is located
immediately north of Hong Kong Special Administrative Region

* Shenzhen is home to many internationally successful high-tech companies
: Huawei, Tencent, BYD

e Also, Home to vacuum related industries
From components to chamber, and various applications

e Shenzhen Vacuum Society
e Shenzhen Vacuum Tech. Industry Asso. (Booth 124)
* HCVAC (Booth 125, info@hcvac.com)

R

i PRI 1.0 (YR ‘| ok % 4 b i R s
25 St it T e i G R R L K] o
syt [ (s Vg
} f B
B o - ’ {
e 240 K G Ny 3
1 LT
[


mailto:info@hcvac.com

Two International conferences j Enze
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The, 9t International, Conference on Technological
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The 3rd international symposium and exhibitions on vacuum-
coating technologies and applications (Shenzhen, Chma 2018)
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Professional vacuum coating supplier
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Tritree
(3C)

SenFung
(Watches)

Sales Office Manufacturing
Hong Kong _ Dept. 3 (New Dept. 5 (New
plant) plant)
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Decorative Coatings

Gun , y
Titanium
Gray, Black

Imation
Gold

Blue, Brown, Coffee, Purple Lower cost, Durable

T 4RIS




Functional coatings R

TRITREE METAL

8
Stainless or black color,
2-5um
>1000HV
Scratch resistant

Gray to Black
1‘4um
scratch resistant

AFPJ&
Anti Finger Print Coating

' PROFESSIONAL VACUUM COATING SUPPLIER S i6VRZiERMES




Diamond like carbon = &858
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Carbon nanostructures

N ‘ Nuswan
!

[ Diamond like carbon ]

0D 2D

Nobel Prize

Nobel Prize
2 2 2 3
sp sp sp*/sp
Several structures such as Single-walled tubes Various forms such as Amorphous
€60, C70, C76, C78 and Multi-walled tubes Monolayer, Multilayers Hydrogenated amorphous
c84 Nanoribbons, Quantum dots

T 4RIS




Fabrication methods m SHAD
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* The hydrogen content affects the structure of DLC coatings and it may vary
from less than 1% in non-hydrogenated DLC films to about 60% in hydroge
nated DLC films.

* Fabrication methods. The higher the hardness, the
Magnetron sputtering

higher the stress will be
PACVD

Cathodic Arc ‘

Density Hardness
I - - 1
100 0 35 100
Graphite | 0 0 23
GlassyC | 0 0 13-15 3
0 0 19 3
5 0 2.2
taC RS 0 31 80
ta-CH @ | 70 30 24 50
(a-C:Hhard | 40 30-40 1.6-2.2 10-20
a-CHsoft | 60 40-60 1.2-16 <10

SRR ERENE



How to achieve excellent coatings EauAE

* PVD (Magnetron sputtering) —Excellent adhesion, fine particle

* PACVD—compact DLC coatings
 Coatings made by PVD/PACVD is a good option for decorative applications.

Motivation: To study the
effects of PVD sublayer
on the DLC coatings
performance

Applied Surface Science 312 (2014) 126-133



Experimental m BHAS
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1. Deposition 2. Characterizations

PVD CrC + PACVD DLC

o Ultrasonic cleaing

e Vacuum/Heating
e TIon cleaning

o SEM, Raman
e Nano hardness

e Vickers Hardness
e Vibration abrasion

PVD transition layer Abrasion test

e PACVD DLC ° Adhesion

, @ Substra




Effect of C,H, content B anIe
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Cr Target voltage decreases then suddenly increase with C,H, content.




Effect of C,H, content B SHAS
80
" &= Cr No. Hardness/Gpa Hardness/HV Mogllj?lsjtsi/CGpa
~ 60- o c
%‘C:, 1# 8.858 820.357 205.768
g 5- 24 10.374 960.745 264.916
g 0 Y 11.078 1025.946 203.624
£ a# 7.291 675.482 130.551
< 5 6.786 621.451 110.357
> 6 6.608 611.971 82.997

10

d)C,H,=195 sccm; e)C,H,=234 sccm

Qo

Different types of CrC interlayer

a)C,H,=30 sccm; b)C,H,=55 sccm;

b

T
C

d

c)C,H,=136 sccm

[¢’]

C,H, flows 55sccm, Cr:C is 1:1,
CrC has the highest hardness




Effect of C,H, content B anIe

G
D peak G peak
No. C,H,/sccm 4/
5 D Peak/cm'? F\NH_lM fc Peak/cm! F\NH_lM fc ’
) m m
@©
P
£ 14 0 1388.33  348.27 155646 15452 173
cC
g Oscem | o# 30 1390.04 345.64 1556.28 155.86  1.62
é oseem || 34 55 138574 344.88 155437 166.76  1.36
55sccm
T 44 136 1389.02 329.72 1562.83 128.64  2.44
wmsmm
TN\ wm | 5# 195  1391.87 32296 1567.35 121.21  2.63
TN B e 234 130156 32808 158128 10293 3.09
T T T T T T T T

T
1000 1200 1400 1600 1800

Raman shift(cm™)
C,H, flows 55sccm, 14/l has the lowest value,

the coating shows the highest mechanical
strength.




Effect of C,H, content om I

Vickers hardness crater

100 um
Abrasion mark

a)C,H,=30 sccm; b)C,H,=55 sccm; ¢)C,H,=136 sccm; d)C,H,=195 sccm; e)C,H,=234 sccm

Best overall mechanical properties at C,H, flow of 55 sccm.

T AEERAES




Effect of Bias (60V; 100V;: 200V; 300V) 'E&8i=

B TRITREE meTAL

T T 260

164 |-m-Nano hardness
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Hardness increases with bias;
|4/l drops with higher bias, which suggests higher bonding strength.
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Effect of Bias (60V; 100V; 200V; 300V) |§ &uas

The diameter of ball craters 7, 50V

24 100V
3# 200V
4% 300V
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Different types of CrC interlayer

b) 100V; ¢) 200V; d) 300V

T AEERAES
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Effect of Bias (60V; 100V;: 200V; 300V) 'E&8i=

100V bias shows the best
vibration abrasion test results

500um

500pum

2)60 V : b)100V ; ¢)200 V ; d)300 V




Effect of CrC thickness B nrstcan

15 [ T [ j j [ T [ 4
—— CrC hardness |
/.\ —&— CrC thickness
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CrC time(min)

a) 0.622 ym; b) 0.815 uym; c¢) 1.012 ym; d) 1.232 ym
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Effect of CrC thickness ol

Raman intensity(a.u)

G

20mins

35mins

50mins

65mins

T T T T T T T T
1000 1200 1400 1600 1800

Raman shift(cm'l)

a)

a) 0.622um; b) 0.815um; c) 1.012pm; d) 1.232
um

l4/l4 drops with thickness, suggesting lower strength;
The thicker the coatings, the less dense it is.



Effect of CrC thickness B nrstcan

a) 0.622 um; b) 0.815um; c¢) 1.012um; d) 1.232 um

The coating with 0.815um CrC transition layers shows the excellent
overall mechanical properties (Adhesion and elasticity)



Effect of (Cr/CrC), superlattice SR meminn

| Modulati  Cr/CrC C,H, in Bias Cr

No on duration CrC Target

1# 700 nm 900s/900s 55 sccm 100V 30A
2# 350 nm 450s/450s 55 sccm 100V 30A

3# 175 nm 225s/225s 55 sccm 100V 30A

Nano

No. Modulation hardness/Gpa Hardness/HV
1# Cr 8.858 114.9
2# CrC 10.374 137.6
Modulation
3# 700nm 9.022 125.5
a) Single CrC; b) Modulation 700 nm; 4 350nm 12.531 144.5
c) Modulation 350 nm; d) Modulatin 175 nm 5# 175nm 13.678 152.7



Effect of (Cr/CrC), superlattice B e

7\
D G

5 No Modulatio
s, " n/nm Peak/cm- FWHM Peak/cm FWHM
‘g Period 700nm . femt * femt
é 1# CrC  1390.04 345.64 1558.28 155.86
% Period 350nm 2# 700nm 1389.29 344.31 1557.64 158.25
£
@©
g W 3% 350nm 1390.06 34651 1557.12 159.65

4# 175nm 1388.26 348.06 1556.02 161.08

Single CrC N4
10I00 | 12I00 | 14I00 | 16I00 | 1800

Raman shift(cm ™)

|4/l Drops with narrower modulation, suggesting higher adhesion




Effect of (Cr/CrC), superlattice R e

a) Single CrC; b) Modulation 700 nm; c¢) Modulation 350 nm; d) Modulatin 175 nm

T AEERAES




Reliability test on real parts B o

PROFESSIONAL VACUUM COATING SUPPLIER ~ SLEYAZZIROES



Reliability test on real parts B o

2000#
sand paper

1000#
sand paper

T AEERAES




Summary B &H AR
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€ Based on the properties, the optimized CrC parameters:

O As the Cr:C ratio reaches 1:1, the coatings shows the optimized properties

O The CrC with the thickness of 0.815um shows the highest hardness of 12.4
Gpa.

0 100V of bias shows the optimized properties;
@ As the modulation of (Cr/CrC)x superlattice decreases, the hardn

ess, bearing capacity and abrasion resistance increases, therefore t

he multilayers with the smallest modulation is the best PVD supp
orting layer for DLC coatings.
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Decorative Coatings
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T 4RIS




HEEAR

TRITREE METAL

Thank You! 4

Tritree Metal (Shenzhen) Co., Ltd

Address: Building 1, Shiguan Industrial Park, New Guangming District, Shenzhen,
Guangdong, China 518106

Tel: +(86)755-27156208 27156698
Fax:+(86)755-27156899

E-mail; amanda@tritree.cn

Web: http://www.tritree.cn
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