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*159159* Coating Method on Plastics Substrate and

Coated Substrate Field of the Invention This.
(miention e atcs 1o o cont g methoa on o of o AR

exclusively, to a deposition nethod for a hard coati™
on plastics substrate; and to an electrically

Gepos: cadting Mol Sn Bl Hiba s B CBRed Gubstrate

Surface deterioration of a conponent of a mechani sm

happens when two 10 sliding surfaces cone in contact

for an extended duration. For exanple, a notor

ddelbchpf thenlwendian shaft that spins against a sl eeve

during operation. Deterioration may be increased when

tThis mbaritionirslatesaw alcpafimgatiettiod oniagastios stibstrate aret relsitesparticularly,
the operational environnment is unclean. 15 Frequently,

ftﬁbL‘IdH R ekELSVE tb aidepbsiforthehBd R A0 H¢ céﬁti_n@%'iﬁd&ti%bstrate;
cause the nechanismto break down due to inhadequate
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functionality of the conponents. 20 Research on thin

| ubrication filnms is advancing to m nimze the anount
of wear, and also to reduce friction in the contact
rBagkaround to the Ipvention i on filmis nost preferred for

m cr o- mechani sm such as watches, notors or actuators
vBurface détesineitionadf s pampenantsofla mechdnism happens when two

159*

sliding surfaces come in contact for an extended duration. For example, a motor
assembly having a shaft that spins against a sleeve during operation.
Deterioration may be increased when the shaft is heavily loaded during rotation,

or when the operational environment is unclean.

Frequently, friction-related failures of components of mechanisms cause the
mechanism to break down due to inadequate maintenance and care. This
causes the contact surfaces to degrade, and thus affects the functionality of the

components.

Research on thin lubrication films is advancing to minimize the amount of wear,
and also to reduce friction in the contact region. A dry lubrication film is most
preferred for micro-mechanism, such as watches, motors or actuators where

dimensional spaces are limited.
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*@00002* 2 The demand for replacing netal nechanical
conponents with plastics conponents is increasing.
This is because plastic materials are easily processed
by nol ding even thought their shape nmay be
conplicated. In consequence, psoductivity is high.

Al so, due to the nature of the plastics material the

i ght of the conponent .i s. reduced. ver plastics .
offteieraang foF @plsPOdhetai achaBical Omcsien i Hiesips famaonents s
easily. To reduce wear on netal] surfaces, a hard )
riggreasing. Thiris kecasse qlastisnnatariads aea easily(processed by molding
coated on the netal surface. But it is very difficult
tevencthaughl t6efrishapeanayp bastonusicatdss tin abasequandeo prdductivity is
high internal stress in the DLC film The high stress

Qﬂgﬁ.eﬁlsbheu@t&tr@ﬁétw@ of thedsiabtids mardrize thd agight of the
substrate io if the adhesi on between the coating and

téb‘?nﬁéig??ﬂ g%‘Fe‘Hdc%dPPﬁ{}vev pdri%sgiﬁ Riatdriai érﬁ sg@erwﬁﬁéfa%‘? so they

mat er | cause of Its erties suc

har dness, |. friction coefficient. and cheni.cal

e B easiipl o edice Wee o st siaders. Al Mgk S a5 2
conponents such as, for exanple, bearing systens, and.
dnand-iis eaihem L is srated o IeirBRialeaRe: B 1t 5 very difioutt to
first preferred aspect there is provided a nethod for

st PG filtns oathlasiics subatratgssduentocthe igh intemad stress in the DLC
i ncludes applying a bias voltage to the substrate, the

sfilivs Thathdgh btressg calisesnthel BLCrdoatiny o peetirom the plastics substrate
pl astics nmaterial. A coating filmof a coating

Rt 4dHedidn between the coating and the substrate is poor. A DLC coating is

a preferred material because of its properties such as high hardness, low
friction coefficient, and chemical inertness. DLC coatings are used in many

mechanical components such as, for example, bearing systems, and tools.

Summary of the Invention

According to a first preferred aspect there is provided a method for applying a coating to
a substrate. The method includes applying a bias voltage to the substrate, the substrate
being of an electrically conductive plastics material. A coating film of a coating material is
deposited on at least one surface of the electrically conductive substrate. The bias
voltage is controlled during the deposition process. The voltage may be applied using a

substrate holder.

The coating material may be a diamond-like-carbon material. The deposition process

may be one of: chemical vapour deposition, sputtering deposition, fittered-cathodic-
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deposited on at |east one surface of the electrically
conductive substrate. The bias 20 voltage is
controlled during the deposition process. The voltage
may be applied using a substrate holder. The coating
material may be a dianond-likezcarbon material. The
deposition process nay be one of: chenical vapour

03|t|o utterjng,deposition,

et Bopdiot: 1AM b5 Puhe BRiaepontidt dPe poiiealyoohauctive
dep03|t|on The el ectrically conductlve | ast
nelastics matera) may soatain elecdicafly eendugtivedibimse Fﬁe @omtrqﬂlng§f the bias
The controlling of the bias voltage may be for
cwitage rayy g fotmontroliing the cbaling firahdrdress, siresearnsd strahgth of adhesion
strength of adhesion to the electrically conductive
Poalsd elestrically ebhdctive pladiesubstrge.t 0 a second preferred
aspect there is provided a conponent for a nechanism
t he conponent conprising a substrate of an
el ectrically conductive plastics material having

ATEHEG biirbsehd aiefeitod g BRI bR %°®i“ﬁ%@%fﬁé°f a

deposited thereon a 10 coating filmof a di a‘m
c'HPﬁB%"'S% e P%'@PQ“%SFQSEP%?'” eaiubisiate of ar plectiia "V °°”dU°t'Ve
el ectrically conductive plastics substrate may have a
splastics meteriah hervingfembeddgdthetiein fibdes gtian eleattially consluctive
Brief Description of the Drawings In order that the

pmetsrial; the\ededtricallyngonduetivel sLiystrate dravingpdepositedethdréon a

put into

coating film of a diamond-like carbon.

The fibers may be of stainless steel. The electrically conductive plastics

substrate may have a sheet resistance of no more than 1Q/square metre.

Brief Description of the Drawings

In order that the present invention may be fully understood and readily put into
practical effect there shall now be described by way of non-limitative example
only a preferred embodiment of the present invention, the description being with

reference to the accompanying illustrative drawings.

In the drawings:
Figure 1 shows the schematic diagram of filtered-cathodic-vacuum-arc (FCVA)
deposition system;

Figure 2 shows the tribology test setup; and
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practical effect there shall now be described by way
of non-limtative exanple only a preferred enbodi nent
of the present invention, the description being with
reference to the acconpanying illustrative draw ngs.
20 In the drawi ngs: Figure 1 shows the schematic

di agram of filtered-cathodic- vacuum arc (FCVA)

B33 ARG S ERu bt 0P ERYL 1

tribol ogy test. Detailed Description of the Preferred
Enbodi nent 5 There are various preparation nethods for
applying a DLC coating or filmto a substrate such

dletailed Resoniption Efithe Rrefersed Empbadinenbsi ti on
("CvD'"); (b) sputtering deposition; (c)
filtered-cathodi c-vacuumarc (" FCVA") deposition; 10
(d) ion beam sputtering deposition; and so forth. In

dﬁ‘%?é'atré %n@ﬁ&%feﬁaﬁﬁtloﬁ ﬁb@é *dftelgfg eﬁn%@t C"t‘:'o%tm or éilm to a

deposition subst
£ R R G F?n and the. subst 1 ai ei.”dm sis
due to(as he cq'laerrr(illczgla \}a%réu?ldegggltloﬁ ‘aCVD”
(b)  sputtering deposition;
(c) filtered-cathodic-vacuum-arc (“FCVA”) deposition;

(d) ion beam sputtering deposition; and so forth.

In deposition processes, especially hard materials deposition, applying a bias
voltage to the substrate assists in controlling the film properties, and adhesion
between the film and the substrates. This is due to the hard material having a
high film stress, which causes cracking or peeling. The bias voltage can control

the energy of ions that reach the substrate.

Among the methods given above, FCVA deposition has advantages when
coating a film of high hardness and low friction coefficient because it can

precisely control the bias voltage.

The FCVA deposition system is shown in Figure 1, where the carbon plasma is
produced through high current arcing of a graphite cathode 10, preferably a

pure graphite cathode, in a high vacuum. This causes arcing 11 and the
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15 high fil mstress, which causes cracking or peeling.
The bias voltage can control the energy of ions that
reach the substrate. Anong the nethods given above,
FCVA deposition has advantages when coating a film of
hi gh hardness and |low frictionscoefficient because it
can 20 precisely control the bias voltage. The FCVA

ition Syst ' hown in Fi qure 1 re the
PRk G g 4 sl 4R hrtingk 1B Arcrib oppageti
of . graphi cat hode 10, preferably a ure graphite
‘ib’i}l@' eate}qf By ﬁlegH'Q/@é‘GUﬁ{S W%F%S‘@ﬁﬁgf@sc%h%@ﬂ aqnl‘aé’hé curved
the 5 production of C ions 14 that nove al ong
rathiewams. therdesired tsupiaag roé the substedtd 1i7sina dap@sltumy chamber 16.
el ectric magnets 12 to steer the carbon plasma in a

CThey eldctrpaiagnetivdieldisalt 6 €iltd esoutathdesired eracrb-pdrticles for a purer
substrate 17 in a deposition chanber 16. The

ARPASEINAShfbclirs! h Bcvin dibetismadhotie RS Bhoduced by
macr o- partlc es for a purer ser fil

Tokdind Sfcy/omaita 18 ) deh R RE ¥R oFRMLeT - e

dep05|t|on chanmber 16. The energy of ions 14 is
controlled by a bias voltage 18 that is applied
directly to the substrate 17 or is applied to the

sthssenergy of onssi4ip eontealied byua diasayaltage Hhihedis apelied directly
shown). This is possible as the substrate 17 is nade

db the subsmaierﬂcat isyappdied do they sulpdteete i 1T7susing armatal sBipstrate
controlling (i.e. adjusting and optim zing) the

tHalgem@ov shéwar T.h$s RpOdsitsle ae theeubb®ate’ 1 Z R ide of an
conducti ve

electrically conductive plastics material. By controlling (i.e. adjusting and
optimizing) the biasing voltage 18 applied to the electrically conductive
substrate 17 during the deposition process, the film hardness, stress and

strength of adhesion can be controlled.

By using electrically conductive plastics for the electrically conductive substrate
17 the bias voltage 18 is applied to the electrically conductive substrate 17.

This may be by using a metal substrate holder (not shown). Conductive plastics
contain stainless steel fibers. An example of a conductive plastics material is
“SUSTEC” manufactured by JFE Techno-Research Corporation (Chiba, Japan).
However, any other suitable conductive plastics material may be used. The
fibers may be of any suitable electrically-conductive material. The dimensions of
the stainless steel fibers in the conductive plastics used are about 10um x 80um.

The stainless steel fibers make the plastic material electrically conductive. Its
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substrate 17 during the deposition process, the film
hardness, stress and strength of adhesion can be
controlled. 15 By using electrically conductive
plastics for the electrically conductive substrate 17
the bias voltage 18 is appliedsto the electrically
conductive substrate 17. This nmay be by using a net al

DSt r ﬁvn& g%:q%grggéa ;%é{éﬁg %\ﬁmgiq%%oﬁ%%é( Igﬁ,ﬁ]eg Qaﬁ%’g | E&en with fibers

conductlve plastics material is 20 "SUSTEC

radhe mtgﬂ@ldtlwe3$eomewﬁm IRgvelding Cor por ati on

(Chi ba, Japan). However, any other suitable
conductive plastics materi al may be used. The fibers
may be of any suitable electrically-conductive

MAtRpridk sydteend] ithe BfﬂsQitﬂta@E 18 Was f“ab@hé’di e58 rﬁét@ﬁholder of an
fibers in the conductive p astics used are about

@lé&ﬂﬂhuy H{?@ cahaua[\%sws& B 171 'H#g%ug Ji%,l %\%étfate 17. As

mat er | ctrically con uctlve
] S| f th f| ber s

é@&?‘? 8 iAot g %%5"%&% 838 ot EBplathadng bl Bl 1@
[ I d| n th st ens bi as voI t age.

patte bappied cliech P&é«bstrﬁteaﬁres AT P 4qheswn of the
non- conducti ve substrate 17 and not directly to the
JdlStooating film tathe npe-conductivessuhstateal of the
substrate was not conductive the bias voltage 18
could not be applied directly to the substrate. This
caused poor adhesion of the DLC coating filmto the
MRl BIEAUSH dIX Stics istratés were prepared and which had different
electrical conductivity. A first substrate was of a non-conductive plastics
material and had a sheet resistance of about 10°Q/square metre. The second
substrate was of a conductive plastics material as described above and having
a sheet resistance of about 1Q/square metre. Preferably, the sheet resistance is
no more than about 1Q/square metre. A DLC film was coated on the surfaces of
the two substrates. The film was about 1um thick. The FCVA method was used
with optimized biasing range of 0 to -100V. Even when the bias voltage is 0V,

the substrate is conductive because the substrate has a charge due to ions in

the substrate if the substrate is an insulator.

A tribology test was then conducted on the two substrates. As shown in Figure
2, the tribology test uses ball 20 loaded with a weight 22. The ball 20 is placed
in contact with a test surface 23 on a planar plate 24 of a motorized turntable.

During the test, the contact ball 20 slides across the test surface 23 in a circular
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io Two types of plastics substrates were prepared and
which had different electrical conductivity. A first
substrate was of a non-conductive plastics mteri al
and had a sheet resistance of about 1040/ square netre.
The second substrate was of ajconductive plastics

mat eri al as descri bed above and having a sheet

b Rcetin@ ) toing AE Hifionarad aydhe ponaeL lefiete i

metre. A DLC_:fllmvvas coated on the surfaces of the
tdeectagdir atiesar fore fransguges 24 Huieh agy Aot exampleTastrain/gauge.
met hod was used w th optim zed biasing range of 0 to
-TheOdsflediivarofithe cantilever asn 25| afdhe biall holder athis detected in a
substrate is conductive because the substrate has a

qj]gﬁgpaﬁm@] {thetast suirfadd@3substrate if the substrate
is an insulator. 20 A tribology test was then

conduct ed on the two substrates. As shown in Figure
2, the tribology test uses ball 20 | oaded with a

AP MetipR 10335 Wit ralpafeel 2 reslsiend® bR i Jud arag
datheendes bal B0 A WortestsHace 53 BnIspaing ha iation foroe over
path when the plate 24 spins. The friction drag at the

cvpeted of time; thecwenstreadof thesumigcen2B icapdre identified to
transducer 21 such as, for exanple, a strain gauge.

Turedettstahddhé aorathility lof tioasLifhes 8. Asth@Suriace BB sharts to
hol der 26 is detected in a plane parallel to the test
sdetbA6RAte due to prolonged abrasion, it can be observed as incremental

change in the detected surface resistance.

For the tribology test, a 4mm diameter SizN4 ball 20 waé used and the applied
load 21 on the ball 20 was 0.1N. The planar plate 24 was spun at 200rpm.
Figure 3 shows the results of the tribology test. The horizontal axis indicates the
number of cycles (revolutions of the test surface 23). This represents the
number of times the ball 20 scratched the test surface, and the vertical axis is
the coefficient of friction. The trend from the electrically conductive substrate is
relatively smooth. That means no cracking or peeling occurred during the test.
However, the trend from the non-conductive substrate shows a sudden change
in the coefficient of friction at about 700cycles. This sudden change is due to
the breakage of the coated DLC film. With a non-conductive substrate, the
adhesion between the DLC film and the substrate is relatively poor because the

bias voltage 18 could not be applied effectively.



5 The friction force is then evaluated as the
resistance intensity of the drag between the ball 20
and the test surface 23. By recording the friction
force over a period of tine, the wear trend of the
surface 23 can be identified t9 understand the
durability of the surface 23. As the surface 23 starts
to to deteriorate due to prol onged abrasion, it can be
observed as increnental change in the detected
surface resistance. For the tribology test, a 4mm

ol hissnay ajieyimuse obplastics maderiala fQ%Wzﬂﬁﬂ ragge of gampenents for
on the ball 20 was 0.1 N. The planar plate 24 was spun
anegioanipms, tte corgporerds diaving redeced sudar chafaatémwstics.
tribology test. The horizontal axis indicates the
nunmber of cycles (revolutions of the test surface 23).
This represents the nunber of tinmes the ball 20

hﬂ&t‘:th?fe h&& bbe'd Hﬁtﬁ@d‘ﬁvth@ﬁ rég{bnigé%éﬁopﬁéébﬁeféﬁed

e coe cl ent of r|ct|on

[ r [ . .
sérﬁééﬁ'h?earhgﬁ tfﬁ%ﬁﬂe‘é%hﬁﬁ%ﬁﬂ&ﬁhgﬁﬁﬁep@wgerﬁ*gﬂﬁcbﬁﬁr#as skilled in the
durjng the tes However, the trend fraomthe _ .

h%%ﬁalé CPNGe ”@96@@? megy Yafakons QHWQH'C@ES%E‘ detgils o design
coeff|C|ent of friction at about 700cycles. This
sercRpnsteiRtien Maysbel madeowithow depasting koo therresenitiawention.
DLC film Wth a non-conductive substrate, the
adhesi on between the DLC fil mand the substrate is
relatively poor because the bias voltage 18 coul d not
be applied effectively. 8
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This may all ow the use of plastics materials for a

wi der range of conponents for nechanisns, the

conmponent s havi ng reduced wear characteristics. 5

VWi | st there has been described in the foregoing

description a preferred enbodynent of the present

invention it will be understood by those skilled in

Eﬂlﬁ Eechnol ogy concerned that many variations or
P%'Qﬁ ons in details of deS| gn or construction

made WI t hout  depart.i n m t he present

i nve1ﬁt Adnethed OTRBPM”SlaI@at"ig fale: WhSrm%fB%q’ ¢PRersing:

coating to a substrate, the rrethod conpri si ng

appl yi ng a appyingabias yeltage tome&tbstfategﬂae sub$t@te being of an

substrate being of an electrically conductive

pl asti cs eledtigalptonductiegsiastics neateriaioat i ng fil mof a

coating material on a surface of the electrically

conductive ﬁuﬁ h@oa |Irﬁ‘6f‘568£tt R‘Tﬁn%tth% oh'a?&rfé@ébﬁﬁé

during the deposi |on process as cl alnmed

in claim e applied using a
substr at ée%%g%ﬁéwr%@gt&g (g A net hod as
claimed in cl aim 2 n the coating
marerial | SoRoMGHES aYE ygihe Pedetion Focesk
nmet hod as clainmed in any one of clains 1 to 3, where
t he ZepdBethpdas clairdinsiainy 1s whewinigevpiiage:is @p@ﬂeéuﬁmg a substrate
consi sting of: chem cal vapour deposition,
holder of a metal.

3. Amethod as claimed in claim 1 or claim 2, wherein the coating material is a
diamond-like-carbon material.

4. A method as claimed in any one of claims 1 to 3, wherein the deposition
process is selected from the group consisting of: chemical vapour deposition,
sputtering deposition, filttered-cathodic-vacuum-arc deposition, and ion beam
sputtering deposition.

5. A method as claimed in any one of claims 1 to 4, wherein the electrically
conductive plastics matenial contains fibres of stainless steel.

6. A method as claimed in any one of claims 1 to 5, wherein the controlling of the
bias voltage is for controlling the coating film hardness, stress and strength of
adhesion to the electrically conductive plastics substrate.

7. A method as claimed in any one of claims 1 to 6, wherein the electrically
conductive plastics substrate has a sheet resistance of no more than 1€¥/square

metre.



sputtering deposition, fiftered-cathodic-vacuumarc
deposition, and ion beam 15 sputtering deposition. 5.

A nethod as claimed in any one of clainms 1 to 4,

wherein the electrically conductive plastics materia
contains fibres of stainless spheel. 6. A nmethod as
clainmed in any one of clains 1 to 5, wherein the
contyol.ling of the bias.valtage is fqr controll

£ he SobehpPentirameridust shé BmbineR cofrghdastbstate of an
adhesion to the electrically conductive plastics

subst r glegtrically canggtive glagticsdnaterial daving SRPedded Kerqin fipreg of an
1to 6, wherein the electrically conductive plastics
subst r elestribally canduictive materiad; thenelectically conductive dbstrate having

| asquare netre. 10 8. A conponent for a nmechani sm

t he codppusitad theesaira Soalipg filns ol diamoddike edrbon.

el ectrically conductive plastics material having

enbegldadohhiRhehths didined iPéair s, yHersih Iy areUr didiidasteel.

material; the electrically conductive substrate having

depasy ' , . . e
car B SrAeE hunBa s bR 8 e HiS oipccay

the fibres are of,staénless steel. 10. A ?onponent as

cl ai meBORqCEYeRIastss shbstralg Rasa shiget resistanagef no more than 1C/square
electrically conductive plastics substrate has a

sheet mediest ance of no nore than |asquare netre.



