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-1- AMETHOD AND APPARATUS FOR PROVIDING A SUBSTRATE
COATING HAVING A PREDETERMINED RESISTIVITY, AND L_JSES
THEREFOR The present invention relates to a r.ne.th.od of p_rowdln_g a
substrate coating having a 5 predetermined resistivity and in particular to
methods and apparatus for providing antist_atlc discharge and/or seed_
layer coatings on a substrate surface. Asiwill be understooql by the skilled
addressee, the invention is not limited to such uses. Undesired
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f evention |ncludes coating of sensitive )
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@yoplea Méf'MwmampWst@%gtﬁd?@%y then be discharged through their
finger to the component they are handling, and damage the component. In another

example, static electricity may build up and discharge between a reader arm head
and disk of a hard disk drive.

Several methods are employed to reduce or prevent ESD in electronics manufacture.
For example, manufacturing staff may wear gréunded wrist bands to draw static
electricity safely from their body. Also, grounded antistatic mats may be provided at
entrances to sensitive assembly areas, so that staff discharge static electricity into
the grounded mat when entering the assembly area.

Another example of ESD prevention includes coating of sensitive components, or
equipment for use with sensitive components, with a coating having low resistivity
properties. Such coatings are typically applied “wet", for example by spraying a quuid-
emulsion onto the component and allowing it to dry. Problems associated with wet
appiied coatings include poor adhesion with the component to be coated and

difficuity in-applying an even coat. Since the. resistivity properties are at least in part

related to the thickness of the coat, an uneven coat resulls in the coating having a



emulsion onto the component and allowing it to dry. Problems associated
with wet applied coatings include poor adhesion with the component to be
coated and difficulty in applying an even coat. Since the,resistivity
properties are at least in part related to the thickness of the coat, an
uneven coat results in the coat‘ir?g'having a -2- resistivity of an undesirable
variability. Also, wet applied coatings are most reliable and consistent
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dimensi@h?@ﬁﬁq@%ﬁe@&%ﬁg{?ms of the prior art. According to a first aspect,
there is provided a method of providing a substrate coating having a

predetermined resistivity, comprising the steps of: providing a substrate to
Itis an digervafed ieeananusihehaatbrEdeieatagaar BPMBIRITAR he
overcory D 3MBREHARM d§'\ gg,' ing ions,of thesh')lasm n the substrate to form a
tetrahedral amorp ogtsoggrg%%nh?tgf <l s??frg?g BOSGiAY: and stopping the
coatin@ step when the ta-C substrate coating has the predetermined
[

According 194 aspedh KsaiisFEoaidet adpriondnen PsiaEss haieate aoriarhatoly a
predetenepistaessipnpeniasiantdbegeproperties are also.present as a result of

M&%H@SBB%%@M@%QQ@ irljg\év%\dg‘% r%%?}é}g the novel and: inventive

method of the present invention, 1t'is also ™ possible to achieve relatively
RS TLOR MNAR BB s f8aMBas0Red substrates which increases or at
deastienhancerstibelises ohtanCsas:a84 0588 S%Hg&d:'é%%b%%&f carbon (ta-C)

substrat QQ&E(&“@;' Alges are _de_spribed in more detall belpw. Preferably, t_he.
predetermined resistivity is 105-109Qcm, ranging between an insulator
skvaizodbnerptien sy ares 4bly stivetrate dosingesdreesististityrin 2 xed @Bvity.
to 10?fQcm, or 4 x 105 to 5 x tOsflcem. More preferably the predetermined
ta-C coéﬁﬁéﬁ%@&ﬁ@e@%ﬂheir hardness, wear and scratch resistancé‘-properties
and these p.mperties are a{so,preéent as a result of using the pt;esent invention. |
Hou.vever, by using the novel and inventive method of the .present'invention, it ié also
possible to achiave relatively accurate resistivity properties in coated éubstrates
which increases or at least enhances the uses of ta-C asa subétrate coatin.g-’
Examples of potential uses are described in more detail below.
' 'Pre.fe;abty,. the.pre_detennihecf resistivity is 10°%-1 Ogﬂcfn, ranging between an insulator
- and a.conductor. Also preferably, the predetermined resistivity is 2 x 10° 10 1070cm
or 4 x 10” to 5 x 10%0cm. Mere preferably the predetermined resistivity is about i
10%Qem: The coating step is'stopped when the ta-C substrate coating Ea‘s the
predetermined resistivity. Preferably the resiéﬁvity is cdntr'élled-’by biasing thé
-substrate during the deposition step, preferably at —100V fo ~3000V, and more
preferably —500V to =1500V. Preferably the coating is 5-80nm in thickness, and
more preferably 20-50nm. The step of 'b-iasing the substrate improves the accuracy

of achieving the predetemined resistivity,

‘Preferably, the time duration of the deposition is 50s to 300s,
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1060cm: The coating step is stopped when theta-C substrate coating has
the predetermined resistivity. Preferably the resistivity is controlled *by
biasing the substrate during the deposition step, preferably at -100V to
-3000V, and more preferably -500V to =1500V. Preferably the coating is
5-80nm in thickness, and more preferably 20-50nm. The step of biasing
the substrate improves the accuracy -&f-achieving the predetermined
resistivity. Preferably, the time duration of the deposition is 50s to 300s,

PardanametessimiientingdheMereigimingd, : E%Hﬁgyoié‘é'}ér‘}g(fﬁ%eo the ' °

he thickness of the coating, the amount of bias applie
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D%QMHEPY&BH@[[‘?EEEE%%QQ unication with the " 10 chamber, the
apparatus comprisirig a carbon target and a power source for supplying
power to the target. In an alternative embodiment, a second deposition

Pstépablcardedmisiihn aepcard ARRYEYS L EQmmunication with the .
C@ﬂg&tpe{h ég% saegpuréd ar\ggaratus compris?n%baﬁgmetal fg‘a%etrgﬁal%aggor\}v‘@?h the
source for supplying powerio e CHRes BRflalHERIN theadi® substpatang
PRugtigtopisemetaltprovidedinpaibeplasnsectiomde aesal agt.
cetrietecably; iheehambelis £vag ot position step, and the
agivpsiiate, is cleaned in ?ri]e vacu%qrﬁn%&%%k%%g}t%g 31%50 NamB&rjhe second
evacuated and pror 1o e 25 SiGhRIUpT AvsE prisfereblyyitiershamioahe
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plasdhefiaswumEhambgLafter exposure to the plasma and prior to a step
of repressurising the chamber.

Preterably, the chamber is evacuated prior to the deposition step, and the substrate

is cleaned in the vacuum chamber after the chamber is evacuated and prior to the

deposition step. Also preferably, the chamber is evacuated prior to the deposition
step, and the substrate is cleaned in the vacuum chamber after exposure to the

‘plasma and prior to a step of repressurising the chamber.

Preferably, the deposition apparatus is a filtered cathodic vacuum arc (FCVA)

apparatus, .

Preferably, the method comprises the step of introducing a gas into the vacuum
chamber during the deposition step such that the coating on the substrate is a
compound of the gas and ta-C. Preferably the gas is one of nitrogen or argon.
Alternatively, the gas may include, or be one of ammonia, oxygen, methane or
ethene (ethylene). The pressure in the chamber during deposition is preferably
0.05mTotr to 1.0mTorr, and more preferably 0.2mTorr to 0.8mTorr

Preferably, the substrate is one of or a portion or component of: a fingerprint sensor;

-an electronic package having an exposed active circuit; a touch screen panel;



Preferably, the deposition apparatus is a filtered cathodic vacuum arc
(FCVA) apparatus. 25 Preferably, the method comprises the step of
introducing a gas into the vacuum chamber during the deposition step
such that the coating on the substrate is a compound of the gas and to-C.
Preferably the gas is one of nitfogen or argon. Alternatively, the gas may
include, or be one of ammonia, oxygen, methane or 30 ethene (ethylene).
The pressure in the chamber during deposition'is preferably 0.05mTorr to
memory MEHAT areigitad meorerpreferatityro@mdior(dg 8 @éﬂfﬁ@&u@aﬁﬁfgmhlé( the

suspens@utgﬁﬂ:%@ @@m@@g@g@gpg}pm rgp%}pcclarne aflng[%rprlnt sensor; an
ose éw%

nic package having an ex ac ve %C(H screen panel;

compongyf %«?éﬁ?&w&w%f ATty rolaier cbmpopont (enechieinly
diode; orcirfiashondherpuspregiansure BRIt disk AavE) a0 iRtagr Al qd) Greutt

associatdfrh Rgckage, or component thereof; an IC wafer tray and ho er'a layer

of an organic light emitting diode; or a flash memory device (eg Secure

Digital card or Compact Flash card) or associated reader. According to
According gp atthensprect, thrsedsisrpriieiiedubsitiisratepdom prisitgeatagtaoafingredstermined
resistivity BRaYiNg1@°RIgdetermined resistivity of 105 -109 Qcm. According to yet

another aspect, there is provided a ta-C coating for a substrate, the

coating having a predetermined resistivity of 105 -109 Qcm. According to
According &ilishADBEr asprettitTere pprididestarnappgrolds o5 RIRVIMNG A5 9BURY o

predetermPbifGiNiG SURSUIRIE,LhE apparatus comprising: a vacuum chamber for
housing the substrate to be coated; means for creating a carbon plasma

in the chamber; and control means for actuating the plasma creating
Accordingmmimmdbaﬁbéﬂﬁﬁ@l@mﬁvim@ &lﬁ%mﬁmﬂ‘%ﬂgﬁé‘s when the ta-C
a coating S¥RSH %F?ac‘s%%pg(eh 23 praergt%tseégr]rkgﬁsmg
a vacuum chamber for housing the substrate to be coated;
means for creating a carbon plasma in the chamber: and
control means for actuating the plasma creating means, and then for stopping
the plasma creating means when the ta-C substrate coating has a predetermined

resistivity.

Preferably, the predetermined resistivity is 10°-10%Qcm. Also preferably, the
predetermined resistivity is 2.x 10° to 107Qem, or 4 x 1050 5 x 10°Qcm. More
preferably the predetermmed resistivity is about 10°Qem. Alse preferably, the contro}
Lmeans is conflgured to stop the plasma creating means when the coating is 5-80nm
in thickness, and more preferably when the coating is 20-50nm in thickness,
Altemanvely, the control means is conhgured to stop the plasma creating means

when a feedback mechanism registers that the predetermined fesistivity has been
- realised.

Prefe'rably, the apparatus also comprises substrate biasing means for biasing the
substrate when the plasma creatmg means is actuated. Preferably, the substrate
biasing means is configured to bias the substrate at—100V to ~3000V, and mare
preferably —500V to —1500V. '

Preférably, the plasma creating means is a filtered cathodic vacuum arc apparatus



resistivity. Preferably, the predetermined resistivity is 105-1090cm__ Also
preferably, the predetermined resistivity is 2x 105 to 107Qcm, or 4 x 105
to 5 x 106Qcm. More preferadfly the predetermined resistivity is about
106Qcm. Also preferably; the control means is configured to stop the
plasma creating means when the coating is 5-80nm in thickness, and
more preferably when the coating is 20-50nm in thickness. Alternatively,
According idhapatioetteol rdimast issctisfig hrseintdistoptnopliesha s reaih eomrEmg when
ata-C coa@n&ﬂ%&hﬁ%‘%@%&@@iﬁﬁ&é@gﬁé@ﬁ@Qif“ﬂ@spi@ﬁ%ﬁ{”}iﬂ%%@ﬁé%wymés

) ___been realised. Preferably, the apparatus also compyises substrate biasing

predetermiped resiiMiiG A e QUBLHREVAENHE JasHd Liédindt&ans is

preferably Hetpateekt@raiesdbhsithvtgibstrate 10I%3img means is configured to bias
the substrate at -1.00V to -3000V, and more preferably -500V to -1500V.
Preferably, the plasma creating means is a filtered cathodic vacuum arc
apparatus. 4a According to another embodiment disclosed herein, there
is provided a substrate comprising a ta-C coating having a predetermined
resistivity of 105-1090cm. Also preferably, the predetermined resistivity is
2x105t0107Qcm, or 4 X 1Q5to 5 x 106QTcm. More preferably the
predetermined resistivity is about 1.0stlcm. -5- Preferably, the substrate
comprises-a ta-C coating having a predetermined resistivity of 106fOcm.
According to another embodiment disclosed herein, there is provided a
ta-C coating for a substrate, the coating having a predetermined
resistivity of 105-1090cm. Also preferably, the predetermined resistivity is
2 x 105 to 1070cm, or 4 x i 05to 5 x 1060cm. More preferably the
predetermined resistivity is about 106flcm. Preferably, the coating of the
above two aspects is provided by the above described



method aspect. As will be understood, the term "ta-C coating" throughout
the specification means tetrahedral amorphous carbon coating which may
include other allotropes.of carbon, or other elements or compounds. The
other elements or compounds may include compounds resulting from gas
present in the chamber during the deposition step. Alternatively, if a
second target is used as described above, the ta-C coating may also
include elements or compounds from the second target- The carbon
content of the ta-C coating is typically >. 30mol%. According to another
Preferabiy, s fRakeissopssigercrdin GIsering proiited aredeiemitnightesstiiting
of 10°Qadiode (OLED) display comprising a plurality of stacked layers, the layers
including, in order of stacking: a first transparent polymer layer; a ta-C
seed layer having a predetermined resistivity; a transparent electrode film
Accordingdo@anogireCinibpdiepet disnesest e theralliclayieed adad epsdtmittapolymer

substratéayes. M@%w&wé&&@#ﬁ@asé@&b@ sefPaseHoglags based

the use of eta L improves the adhesion between the

preferabgl}ﬁ aeygfrg'rr\' res' {%E Ia@eﬁ)’o AlSB a8l Antddbdasly the ta-C

10°Qcem Iﬂéf%@éﬁ%’bﬁ%&ﬁ@fﬁoﬁmem@mtﬁsmgaﬁfmn@h the polymer
layer to the metallic layers, and thus prevents their oxidation Preferably,

Preferab?:yr é e ta-C I yer |fstt§)rowded by the above described method aspect.

ey TR 169 GBS HEHRL DNIGe ARoHERRp et the

method @aD@d%lyer is preferably 105-108Qcm. Preferably, the polymer Iayer is
polycarbonate; the transparent electrode film Iayer IS

As will be understood, the term “ta-C coating" throughout the specification means

getrahedral amorphous carbon coating which may include other allotropes.of carbon,

or other elements or compounds. The other elements or compounds may include

compounds resulting from gas present in the charnber during the deposition step.

Altematively‘, if a second target is used as described abave, the ta-C coating may

also include elements or compounds from the sécond target. The carbon content of

the ta-C coating is typically > 30mol%.

According to another embodiment disclosed herein, there is provided an organic light

emitting diode (OLED) display comprising a plurality of stacked layers, the layers including,
in order of stacking:

a first transbatent polymer layer;

a ta-C seed layer having a predetermined resistivity;
a transparent electrode-film layer;

an OLED layer;

one or mere metallic layers; and

a second polymer layer.,

Advantageously, the OLED is flexible, compared to glass based OLEDs, and-fhe use
of the ta-C fayer improves the adhesion between the polymer layer and the electrode

film layer. Also advantageously, the ta-C layer prevents permeation of air or water



one of ITO or ZnO, and the one or more metallic layers include Ca and Al'.
Also preferably, the OLED display comprises a second ta-C layer over
the one or more metallic layers, the second ta-C layer being 20-500A.
According to another embodiment disclosed herein, there is provided a
method of providing a coating-ohi-a substrate so as to reduce the risk of,
or to prevent electrostatic discharge to or from the substrate, the method
passindPFBRARIRG (e sRPR9LRIQMAiIng Aeunsliate fo,0 coated In 8 vacuum
. ... chamber, creating a ¢arbon plasma In the c ’am%er; ar?deaeposmﬁé, ions
Ox'dat'agf the plasma on the substrate to form a tetrahedral amorphous carbon
~ (ta-C) substrate coating having a predetermined resistivity. Preferably,
Hi IS st d when the predetermined resistivity is 105-
P o ot e AL B b PO e K0S 0P R e
predetermined resistivity is 2 x 105 to 1070cm, or 4 x 105to 5x 1
Preferaldf Qenta Masepreferabiyi thanpiadaiermined @@Q@Mt?cﬁ%@%&@%&@r
is prefeAERPIAMNELE, Rother embodiment disclosed herein, there is provided a
method of providing a coating on a substrate so as to improve adhesion
of a further coating on the substrate, the method comprising the steps of:

| PreferaimpottidiBglWSV@&%@%W&Q@@@&H%&Q@@Q&Fég‘g%ﬂgr?%r%r t‘ﬁé

r asma,.in the chamber, and depositing ions of the plasma on:
one o e S BETR IO AR G e
preferablydhinHaNidis pl vt edoterinda edsresistivityC- TayBrefesably, dhe siepasition

metallicS4@pris ﬁ{@[@@g@h\ﬁll@@.@t@?é}t@gﬁ@g@jggg Aesistivity is 105- 1090cm. Also
‘preferably, the deposition step is stopped when the predetermined

resistivity is 2 x 105 to 10700cm, or 4 x 105 to 5 x 1060cm. More
Accordinpfefewiy ¢mbodepositistostehéssstappedsyinerites predeteiTpioasing
a coatinfesiSH il de-aaaid 1060em,do (%QHE}@B{%&%‘S@%&HF&QQ%E% i @

. lymer and. the further coating is a metal or
d:schard%:otg or -rom%e suHs rate, the m%tho'd comprising the steps of;

providing.a substrate to be coated in.a vacuum chamber;
creating a carbon plasma in the chamber: and
depositing ions of the plasma on the substrate to form a tetrahedral

amotphous carbon (ta-C) substrate coating having a predetermined resistivity.

Preferably, the deposition step is stopped when the predetermined resistivity is 10°-
| 'f'Dngom; and more -p;éferably about - 10%Qcm. Also preferably, the predetermined
resistivity is 2 x 10% to 107Qcm, or 4 x 10° fo 5x 10°0cm. More preferably the
predefermined resistivity is about 10°%Qem. |

According o another embodiment disclosed herein, there is provided a method of providing

a coaling on a _su-bstraié so as to improve adhesion of a further coating on the
substrate, the method comprising the steps of: |

' providing a substrate to be coated in a vacuum chamber;

creating a carhon p{asm&i in the chamber; and

deposiﬁngiéns of the plasma en the substrate to form a tetrahedrat

amorphous carbon (ta-C) substrate coating having a pfedetermin.ed- re_sistivity.
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metal compound. Preferably, the substrate is polycarbonate and/or the
metal compound is ITO or ZnO. Alternatively, the substrate is a metal or a
metal compound and the furt her coating is a polymer. 10 Preferred
embodiments of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which: Figures 1
and 2 are schematic diagrams illustrating an embodiment of apparatus for
providing the substrate coating of the invention; 15 Figures 3 to 4B
i - veral uses of an embodiment of the present invention; and
BB e P R B e AEATRd SO 0"
18F dA d\oe P ieredipoliatidgranitomboeintestopbthievitesent iveerlionined
refoving 0.1 JorRiplenad aghadinarpaLie HEsaILIDvanin's a
e

ermine

ethod of providing a substrate coating having a predet
d%s(}g Eli\(/)f?ySt%) & ARG IR F 8RR THINAS AaETEYEY Brabeatc 0°Qem. in

oggmp@gﬁmu F:i;@sgle:tdratﬁiaea belﬂtrgeﬂ{bﬁdttﬁ@ﬁ@ﬂtﬁ&i&y&iﬁbﬂ@%smgﬁ ora
rRRreiRipunRd Iesi UMb GO Is ADREAHALEL 108Tam, The,
P may generally

Cir!%\‘/enﬁigg.c?.%gn{g g;hn be used in several applications whic

be described a8 ARt unatielyd ta s Eaktiingg mridl 25 aceetthyers

CoornaRG vind) thedfvetsiondoativg én aapipent. layers. Properties of the coating

also allow it to provide a 30 secondary use as a barrier layer. Examples of
£ co tin '% éjise as ASD, seed and barrier layers are described in more

th
PR PASBRoT e prerl e nnenion sitre e drsibastion fonprbwdinpk

odjybsitakeievatingtchtnvdrg@predstieinedrgsistivititis performed in an
apparatus 10 comprising a -8- vacuum chamber in the form of a coating
amBer 11 in communication with means for creating a plasma in the

.ch atio
FIGHGR A thaResrSRveatal e tioanasmp dkatialing armemborieab pArapsra:s for

am
Pregiiipddbs sLhraphitedatipetotipewessarce for supplying power

Figures 3 to 4B illustrate several uses of an embadiment of the present invention;

and

Figures 5 and 6 illustrate exploded schematic and magnified portion views of an

OLED incorporating an embodiment of the present invention.

Referring to Figure 1, a preferred embadiment of the present invention is a rhethod of
pr.oviding_ a substrate coating having a predetermined resistivity. The coating formed
from the method is ta-C, or a ta-G compound as discussed above, being about 30nm
in thickness. The predetermined resistivity of the coafing. is a'pprdxima_teiy 10%Qcm.

~The inventive coating can be used in several applications which may generally be

described as antistatic discharge (ASD) eoatings, and as seed layers for improving
adhesion between adjacent layers. Properties of the coating also allow it to provide a
secondary use as a barrier layer. Examples of the coating's use as ASD, seed and

barrier layers are described in more detail below.

The preferred method of the'present invention for providing a substrate coating

having a predetermined resistivity is performed in an apparatus 10 comprising a
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to the target, and an anode in a conventional arrangement. An _exarlnple
for how the 5 FCVA provides a plasma is described in the applicant's
International Patent Publication No. WO-A-96/26531. Whereas the o
preferred embodiment is arranged for use with. an FCVA apparatus, it will
be understood that in alternative embodiments, thg plasma may be
provided by other types of physical vapeur deposn_lor_l apparatus, such asb
conventional apparatus which is wholly or partly within the chamber 11. 1

vAowevehathispretay ?&rﬁ?&%ecgg¥A grpaorﬁjlg f%r ét?se fls%ey;glggaggr%%/}?mtﬁ gans

e substra

e et 1

vacuum

Féhéivirsaratsal eleanipgsebanyhastisb fafg@emm%é%’%t@%égg ?g\g power
t@fl@'t@ aéma;l_gﬁ’o' (s a&p s use of an IO? bgam sour f h
=L d ‘CORERIBR st R FRMdrsfashamdthe

in the cleaning chamber 1

Fooam %Y?@?)Fd?)ﬁ%ﬂ%sdéﬁﬁ‘?ﬁhﬁitﬁtmﬁ aHithet’ slmaamgt@hambﬁérlﬂ and

Pubticaimnodanteor A- Qﬁfgﬁﬁgﬁt“ﬂehérgﬁ‘@tﬁ@%@ﬁ%&%r&b é%glasr%\r,@nged for

ation with each other VI
“i%ﬂﬂ?‘ﬁ’é@@iggﬁza%iﬁz%&v‘io NSS! thelsemafsgeembodiments
e Bl g, méﬁ@ddm@@pré}feﬁedfmmh@dlwﬁbwwd@@@kﬁﬁ@ﬁIg%garams
oomhucafoseanta Figpies A0SR ISR e IGERRS ITetals dengle

rts, In Fi gure the s %/rate 24ais a XI le matenal S
H%‘JIE%;%I% ‘g'rscﬂf? Bréﬁd k: Hﬁ%ﬁg i FERIGHHS SordimiitRyine canabididsstoaievent
M3 Radescere crmtéstichsabshtagratgdawircuit (IC) packages. In 25

both Figures 1 and 2, the method is continuous, where, the substrate 24a,

om the feed subchamber 20 through the chambers 14 and

' h%Af\pac%f"lnto g%{)ﬁés&%mﬁ&?am%%@)@ﬂ@é et abe opetimpst22:tar

MyaqRatirgichambabit dte cR4ajbgsiprevidecher SUHABOHRS: &Y %@r&{h’%régg %ﬁérs is
ha

actheviepslsidcambes d8.and Ihe, QBWR% &% ielef'nand Eairsn L4 Feed

orr.

o e ameree

intro uced N
clepring ghambes 2 airliyanoved-tobgh theregening2 rﬁr{@éhﬁmbers 11, 14

and the subchambers 18, 20 are in communication with each other via narrow

-openings 22 which are sized to allow passage of the substrate therethrough.

Steps. of the preferred method will now be deseribed with reference to Figures 1 and

2, where like reference numerals dénote like parts. In Figure 1 the substrate 24a is a

-flexible material, such as a flexible circuit board, suppﬁed i rolf form, and in Figure 2

the substrate 24b is in discrete units, such as integrated circuit (IC) packages In
both Figures 1 and 2, the method is continuous, where the substrate 24a, 24b is
moved from the feed subchamber 20 through the chambers 14 and 11 and into the

collection subchamber 20, via the narrow openings 22. In'the method, the substrate

24a,b is provided or put into the system 10 at the feed subchamber 18, and the

chambers 11, 14 and subchambers 18, 20 are evacuated to a pressure of about
1uTorr. Argon is then introduced in to the vacuum chamber 11 to a pressure of
about 300uTorr. The substrate 24alb is moved through the opening 22 in to the
cleaning chamber 14. The ion beam souree 161s actuated to clean the substrate s
24a,b surface prior to moving the substrate 24a,b into the coating chamber 11. The
FCVA 12 is then actuated to provide a piasma of the graphite target, such that
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cleaning chamber 14. The ion beam source 16 is actuated to c_Iean the
substrate's 24a,b surface prior to moving the substrate 24azb into the
coating chamber 11. The FCVA 12 is then.actuated to provide a plasma
of the graphite target, such that -9- carbon ions coat the substrate_surface
as to-C. The time interval for the coating of the substrate surface is _
controlled to between about 50 and 3@0.seconds. Furthermore,, during

the coating process, the substrate is biased to -800V. The in;]/engors r:gve
] jasing, t ubstrate, the desired resistivity of the 5 coating
e B a n R RO RO St of

" Y Rifs Bkt api Rt dodesiredntibiane s6, ahel Subsirated4ab is
Fondvethtrenuihacoatingthaprbssskl t%@?o%%‘?&'i*é’Bi%‘@&?a%%‘@(/.zorhe

ount of substrate roll 24a or number o

e R‘g%gieiter%égﬁe%%v@@éaéﬂ‘%%eﬂftiﬁéaﬁ%ﬁ'ﬁfééﬁ?fé%% reeisibrmf FeVA

Q
substrate units
Cefbndiecar brardianddinis grbmdusecinty thard Arehamhensodd, bhanghe .
couhehamngic iy ARMNGR e EsIG SR N chambsrs L At and
subchambers 18,20 reaches atmospheric pressure, the coat _
e s rate SPINGh i HiencrlRtaioa s sknanamb eolectiorcsubptealatbeniaed

EL @‘mbta@nm@npmasuanemmﬂagureuhsm(gugﬁyétﬁaaf%ﬁé%g%gvg%é?géghe
i : bechambers by driving rollers 26, w
'Oitm%‘éeggnsﬁ%%%%ri g rt#%%‘l Eg%%l% r?% igé%[r"g ! fgtﬁgds%é‘cfr'é‘t%oﬁﬂf:ﬁgﬁgt?lfbeare

TRBVEE thlod g fibsuhahisriersatit 30bcMhabETe pRwsaar iosidonveyhs (s
 shighadsuknsanbaratheds: khaneshamaligmalive-arsangement, @ second

iS in 20 communjcation with the coating
S@r%yrfﬁg?% gﬁ%ﬁ%ﬁﬁ%@@é’ E?é;s%ﬁ’g‘ rr%%i%%'?ﬁ?é'f%{ﬂ ic hREMBFbrévide a
resultant coating having a ta-C/metallic composition. The inventors have
In ﬂ@ermtmﬁthersmm@temmatt@gre:ﬁ,qhﬁ@gJ%gﬁma@egggq%gq(?gﬁ?i{gg 3 S
isi ' 2[fies which, proyide an impro -St:
e A A R Y alete e rpsgiment
lusatpf & BigtirgetiasybritiimnotisapRth arcaboved Testsbrhsubsiraisrs

andoatingsmbevided Hydher conveyor (not shown) by known methods.
In another alternative arrangement, a second FCVA source (not shown} is in
communication with the coating chamber 11, and provides a plasma having metaliic

ions, to provide a resultant coating having a ta-C/metallic composition.

The inventors have found that the substrate coating resulting from the preferred

. method has surprisingty uniform propetrties which provide an improved anti-static

discharge (ASD) coating when compared with *wet" applied ASD coatings, discussed
in relation to the prior art above. Tests on substrate coatings provided by the
preferred method have shown that the coatings have +5% uniformity of thickness,

- +10% repeatability of resistivity from one batch to the next, and that the resistivity can

be controlled to be 1 OGQc‘m‘ +5%. This level of toferan'ce is not possible using known
“wet" coat methods. Results of other standard tests have shown that the tibocharge
of the coating at 1000V is <1V, and the static decay is 0.4s for 10% cutoff at 1000V.

Furthermore, integrity testing has shown that the coating is still integral after 30min in
an ultrasonic bath. In contrast, thin “wet" applied coatings tend to lose integrity after

about 1min in an ultrasonic bath, due to poor adhesion when not applied relatively
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preferred method have shown that the coatings have 5% uniformity of

thickness, 10% repeatability of resistivity from one batch to the next, and

that the resistivity can be controlled to be | O6Qcm 5%. This level of

tolerance is not possible using known 30 "wet" coat methods. Results of

other standard tests have shown that the tribocharge of the coating at

1000V is <1V, and the static decay isif.4s for 10% cutoff at 1000V.

Furthermore, integrity testing has shown that the coating is still integral
rasonic ba £on ra t, thin "wet" applied coatings

te%%fytgoq%%&e ﬁ%ggr#i fterlﬂ1 a {]e Rl ml‘?fg%aﬁl@ﬁ %{'Vﬁb’e'%" F86es of <

H@lﬁésﬁ'@ﬁ%ﬂ%‘ﬁBt%}@ﬁé@frelhﬁgéiyl Y10 dhigkhjuehlsagtite coatingobtien

iatestedamasimanidas Rl o SiEss oLpLERA, Ipiatvely
h den of >2 5%cm3 and relatively high hardness of about 50GPa.

|nfc€}(3fl e c ating 1§ aﬁﬁﬁf’é{ﬂr @t@’?éﬁﬁ%@f@ﬁﬂ%ﬁ?ﬁ@?&?@l‘@f@ét substrates

Bisproxhitaliearoamm mipeatture)therenading process does not affect
substrates 5 susceptible to damage at elevated temperatures. If it is

[Flesw d to have a coating resistivity of more or less than 1064cm, one or
more oY fe! %(%Lﬁﬁé‘tﬁ? H@é@s‘@‘a{%‘%‘é@@ﬁﬁmhwqﬁeﬁ@oﬁhlﬁ@mme; more
qh@mnnggjeo@ﬁ;asyag pleihesubstiaiee ebditigienekieeaalindiude of
HAORESS de alie r ating,process. In an a tern tive
embgdlment a ffeed §gﬁ%§n§ﬁn§ffﬁgﬁ%gf§ ProvidEd ati &Eﬁg%ﬁ'ﬁ%ﬂ‘e
CRRIEAdEaTR B AE B8 TEsiIPerinedoatingdback Sﬂﬁa;tftb]@f@ﬂaamg
pprecessioangestoppied whemsthe seatinereachasihay Wﬁﬂ@%&ﬁlt@s%mh

e R e L oAt ating. A

illustrates an embodiment 6f theTRVENtioh &M
PfgcelREHnAg @E'ﬁ%ﬂfﬁ@%@ﬁ@%@d@y Hiwigecbabbgba06@daviseprovided
on a conventional fingerprint sensor 30 by the preferred method of the

[ finge sensor 30 is basically an integrated
P e & S o & Sieaee BBk T feing. A

circuit
tad@t@‘&?'f RESTORNerasusars s oiuzmst tHE Q0 mmeofdddts qrint. For
coakenbbedripietpnessseibescappRaBis RINRHRICEINL present invention.

The fingerprint sensor 30 is basically an integrated circuit package having an active
circuit 34 at a surface thereof which detects the touch of a user's finger and scans the
fingerforits print. For sake of completeness, other components of the fingermprint

sensor 30 include active components 35 in efectrical communication with the active

“eircuit 34, a PCB 36, ground plane 38, through holes 40, wire bonds 42 between

bond pads 44 and an epoxy mould 46 over the wire bonds 42. The touch surface of
conventional fingerprint sensors is usually SigNs, SiON or SiQs, and typically has a
resistivity of >10"°Qcm. Therefore, in practice, the user often discharges static
electricity from their ﬁ-nger tip when touching the active circuit 34. 1f the ESD from the
user is great enough, the active circuit and/or electrical components connected
thereto can be irreparably damaged. By applying the coating 32 of the present
invention to the surface of the sensor, the risk of ESD is reduced or prevented yet the

coating still has sufficient conductivity to register the touch of the user's finger

through the coating 32 to the active circuit 34.
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sensor 30 include active components 35 in electrical communication with
the active circuit 34, a PCB 36, ground plane 38, through holes 40, wire
bonds 42 between bond pads 44 and an epoxy mould 46 over the wire
bonds 42. The touch surface of conventional fingerprint sensors is usually
Si3N4, SION or SiO2, and typically has a 25 resistivity of >10100cm.
Therefore, in practice, the user often diseharges static electricity from
their fingertip when touching the active circuit 34. If the ESD from the user

AS 9r8aENRKY active circyi /or.electrical components connected
thereto can begi(r)rlieﬁ a@%ﬁ%&%ﬁée@&% ?p%%ﬁﬁ‘é’ \fﬁgsé‘tggﬁ%eﬁ%?riﬁé“ay be

PresEnpiceivn foheBaripeoptivaimsesbrctive sk aESDudingducetd
sorpitexeeditethy elthes30 coating still has sufficient conductivity to register
the touch of the user's finger through the coating 32 to the active circuit
34. -11- As will be understood from the above example, the novel
FIgIeR 48 BBhRgWRifRIsea Moo phrotetinfrom ESDeathesityesof to wire

bexpospdac RGN GIURING Lounh srﬁ%wsia(%%fs@éﬁxeqé 8IS R Pé&%

pfl& d éllnBﬂqwstrate ethod of coating an active circuit 48 prior to wir

bonding, using the. Bﬁ%ﬁlggwqﬂéﬁf’e R AEMAERfoROYesEdW Bittienalcoating
SHHygrapReritg eds Nt teischiaveple THedionding P BRICBARAIRE 54 is
revered by et LRRENG 520k Wike handing will not be achigved.
EIQ%?fort ,a hoto%e@sﬁé gg}néﬁ?éﬁy B?’gﬁegdggﬁst%% %gﬁaﬁﬁgggd%d@lﬂﬁo%
{6 applying H1e SUBEI L e WA iR dHR)Gre wtinnSRLAtcARbe Wbre sistigement
SEM‘N% Hﬁﬁm@mdam tioating Saancli %mtowgéiﬁ@@ﬁl@fgu%gate coating
ey e ; t a -, Once the ta-C substrate
R ppRll Samg AR AN Dgela%qg%%eé%‘?mr S‘Stﬂgg phdiBaiaes

0 Strip

coating 52 is applied, a NaOH solution is us
C%@%ﬁﬁ&?&é@éaaw%m he BRIGIENREEM the BorditerbadBlraes,

thifussuleditBiguie4Beuh isresliiisdnatae Bgtive SinsstiAS ReifgcoRtest i
‘thgwg@@%rg&@ g@@%%ggée‘yith 15 the bonding pad 50 being exposed.

In an alternative arrangement, the principles of the invention can also be

used with
In an altemative arrangement, the principles of the invention can also be used with

known metal masking techniques. A metal mask is provided in a predetermined
shape to cover predetermined sections (such as wire bond pads) of the active circuit,
allowing uncovered sections to be exposed during the ta-C coating process. After

coating, the mask is removed to reveal non-coated exposed portions.

Figures 5 and 6 illustrate an alternative use for the invention relating to organic light

. emitting diode (OLED) displays, where the resistivity property of the coating allows

the coating to be used as a seed layer to provide improved adhesion between two
layers having very different resistance properties. Conventional OLEDs comprise
several adjacent layers, including (in order) a first glass layer, a transparent electrode
film (eg ITO, ZnO) deposited on a surface of the first glass layer, an organic OLED
poiymer, Ca and Al, and a second glass layer. As glass is brittle, current research is
exploring the replacement of the glass layer with flexible, transparent polymers, such
as poiycarbonate'. However, whereas the temperature when depositing the electrode
film onto the glass. layer can be relatively high, it must be lower when depasiting onto
the polycarbonate layer so as not to adversely affect the polycarbonate. Bonding of

the electrode film to the polycarbonate at lower temperatures has been shown to be
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known metal masking techniques. A metal mask is provided in a
predetermined shape to cover predetermined sections (such as wire bond
pads) of the active circuit, 20 allowing uncovered sections to be exposed
during the ta-C coating process. After coating, the mask is removed to
reveal non-coated exposed portions. Figures 5 and 6 illustrate an
alternative use for the invention relatiri§¢ to organic light emitting diode
(OLED) displays, where the resistivity property of the coating allows 25

theapating ubeUsEH ASig : rovide imprgved adhesion
between two Ia{Frs %aviﬁ; \%gféj cﬁ?f%%é??e%ﬁ%ﬂ%eepr%ﬁ? Hidonate resistance
Conventions! Ol B9 Bﬁ@%ges‘ébéfhﬂ‘é&j%fc@ﬁﬁ%yé‘r@[&ﬁbmm’aigt(fince of
nde) afirsoglasegen antanspaseniels el ods MBUALTO AR natoly
mm%%@@qg%@f@ﬁ_ﬂrst glass layer, an organic OIL polymer,

Ca and Al, and a second glass layer. As glass is brittle, current research is
30 exploring the replacement of the glass layer with flexible, transparent

Atsly melysasuchitas polysasbrnateiHAWeNes, WigLSas the lamperature

pabensisepsiing heelector d%nﬁﬂ%{gré%ﬁt‘g) 'éﬁ;@%;;g;g‘gt gg};ﬁg@!@ .

high, it must be lower when depositin

'R A G0E 8ty Ut Bridpimcel ionGrelaBenting afntier elecrodeditg to

tﬁmmmbpnamb@waﬁtﬁﬁm@g@s has been shown to be 12 not
effective, due to high resistance of the polycarbonate. Polycarbonate
resistance is several orders of magnitude higher than that of glass, where
niereaiResiersiilyrictdd afiooximateli2)tane tharesjsiance efovided,
polycarhanates S-apmses il naU0ANEISHISVN s 10008, 9 fiso.
tr&-’% g%bp&%t%é%g?arr%e%gle to air and water. The permea ility of ™ °
pol{carbonate means the optafiyritite of &is GrE BgerisdWBRA, and the
depastiambrameteie dziabiag, ote day cdniolt:axislptinel nR LAJGYREDWAY on

thandipevbteRRASHEIH A RIS 'Fbg?&aﬁ’@y&ﬁﬁgf%‘e%tﬁ %’d a%tcril ql(’)&@éteﬁsg'h% has
the effect.of reducing the resistivity of the polycarbonate tayer 60 to between 10° and
10°Qem, and thus improves the adhesion with the transparent electrode layer l62.
Other layers, in order as per convention, are an organic OLED polymer layer 64, and

Ca and Al 66. In this embodiment, a second polymer layer in the form of a second

polycarbonate layer 68 is further provided on-the Ca and Al layer 66.

The first ta-C layer 58 has the added advantage bf reducing the permeability through
the polycarbonate tayer 60 to the Ca layer by approximately 100 times. It is also
preferable, as iilustriated‘in Figure 5, to further reduce the permeability of the outer
polycarbonate layers 60,68 to provided second and third ta-C layers 70, 72 over the

outer surface of the first polycarbonate fayer 60 and the auter suiface of the second

polycarbonate layer 68. The second and third ta-C layers 70, 72 can be thicker than
the first ta-C layer 58, and are provided in the range of 20-2000A. Each of the ta-C
layers 58, 70, 72 are provided accordinjg to'the preferred method. The additional ta-
Clayers 70, 72, can reduce H.O permeation from about 30gm“day™ to < 10gm®day
!, when applied at a thickness of about 504, andto < 0.6gm™?day” when applied.at a
thickness of about 2000A. Pemeation can be further reduced by several orders of
magnitude by &using a multi-altemate layered thin polycarbonate/ta-C substrate in

place of a single polycarbonate layer with single ta-C tayer applied thereto.
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In the embodiment illustrated in Figures 5 and 6, a first ta-C _Iayer 58 is
provided, using the method described above, between a poiycarbonate
layer 60 and an transparent electrode layer 62. The thlckness of the ta-C
layer 58 is 30-50A, and the deposition parameters (biasing, etc) are
controlled to provide a seed layer coating on 15 the _polycarbonate layer
having a resistivity of between 106 an#1094crn. This has the effect of
reducing the resistivity of the polycarbonate layer 60 to between 106 and
1090cm, and thus improves the adhesion with the transparent QlecOtrLoEd[()a
Sk in order r convention, are an organic
e e B R i S s many
pBbﬁfE)/Hff‘éPﬁﬁfe??iﬁ tHefoestaiswrond 20polycartionate tayar @aﬂ@@gg@dr
A AN S T
: ofreducing th rmeabili rough tl .
tégg%%%?g%é a(?/%rxgy éep%r% A8 9 6 firfie 9 i8 WBs preRatsbler bger with
A liefstrAie h g e dinfeitites neltiioe tHetpatmgability,abdhe kier 25

i n d third ta-C layers 70,

b O e
dlrtace oefa%ﬂeeéc’éocnoﬂcfhﬁdﬁlmH&t@%‘?@r%@ Trersdpond dfichilair, tach
Sﬁﬁ%@r@@*@?’wmrbe.atmmmmwh@ﬁr&gé?@w%ﬁggg;é%géggg%%igger
hi r %QQ% | e ta-C  layers, , ] ]
Ih;{::%:%%ﬁ@ﬁggrreferredgn%gﬁggﬁ ﬁgcé)cﬁ%‘?tloﬁé’i’? g&?@%ﬁfé’é‘?ﬁ?“f@”
beldg %éucg FPB Y5 AvaaA1dh the pehseer Bdgrredagdtesiod Ogm"2day-

when applied at a thickness of about 50A, and to < 0.6gm 2day 1 when

APRmigg A2 thicknsss of ﬁ'%oé‘l;[i%gé)oégrggs”eneeﬁ%g%gggﬂg&%;?gé fugred

duced eral orders of magnitude Dy us _
apﬁiﬁ%%ﬁ%ﬁ%‘é?e/@@%@!%t@mr%é@éatﬁlfraﬁsmQbapdyaarbmwamﬂ(Ia;yeg

apptaingletaeClayet appiedihetetBordd &w@%@a&n&&%@&fg{ ?j'\rgJSnt ESD

' as many potential uses as
froﬂbméer@d:epa‘?mm?tot%%m&%e Qéswvﬁrl]s%o nr%%/ q%ﬁ%%%ﬁﬁe%gaducﬂon
" eed Ial){er to improve adhesion between'meta Id)
a“wﬁ' ENBEPifHgIN el sh eRpIRstRarthatyRTdiscortonp afehsimitalthod of
the invention to provide a coating with a resistivity of 10 to 10°Qcm. This removes
the need for carbon fillets which are presently used to reduce the risk of ESD
between the tray and holders, and the silicon wafers. Removing the need for carbon
fillets has the added advantage of reducing risk of carbon contamination from the

fillets on the wafers.

. While.the invention has been described in reference to its preferred emibodiments, it

is to be understood that the words which have been used are words of description
rather than limitation and that changes may be made to the invention withott
departing from its scope as defined by the appended claims.

As a summary, the method and apparatus of the present invention provides a
substrate coating having a predetermined resistivity is described. The method
comprises the steps of providing a substrate to be coated in a vacuum chamber,
creating a plasma in the chamber, and depdsiting ions of the plasma on the substrate.

to form a ta-C substrate coating. The coating stép is stapped when the ta-C
substrate coating has the predetermined resistivity. The predetermined resistivity is



5 temperatures. For example, DVDs and CDs comprise a top most
polymer layer with a reflective Al layer immediately therebelow. A ta-C
layer may be provided in accordance with the present invention between
the Al layer and the polymer to improve the adhesion of the Al when
deposited onto the polymer. Similarly, touch screen panels comprise a
top most polymer layer with a transparent electrode layer 10 thereon. A
ta-C layer may be provided in accordance with the present invention
1behveen.the olymer to.improve adhesion. As will
also he u%éﬂ‘?ﬂ%@aﬁ%&%@é@g{?@sﬂ? , ?ng%grﬁj@teenﬁﬁ ey et ftwise the
MERRAACS iRt de8 H SheRiHple e feadistivitn dite heathgfradyard
ediploykiv e kbcaapparriugican e roriedre feseibessahons 1 sference to
Squg%gez (#Iptgrg%%ri] eESSDeefCriqm th r_e_ader arm/head to thé hard disk. Also,
tray and holdérs used in Broatationana G ALssi o P Whitesbstntpa
usthsreeraticarditeptdesrripediersam atiothothoinghedieentiondo REMdee:.
coating with a resistivity of 106 to 10Qcm. This removes the need for
carbon fillets which are presently used to reduce the risk of ESD 20
between the tray and holders, and the silicon wafers. Removing the need
for carbon fillets has the added advantage of reducing risk of carbon
contamination from the fillets on the wafers. While the invention has been
described in reference to its preferred embodiments, it 25 is to: be
understood that the words which have been used are words of description
rather than limitation and that changes may be made to the invention
without departing from its scope as defined by the appended claims. As a
summary, the method and apparatus of the present invention provides a
30 substrate coating having a predetermined resistivity is described. The
method comprises the steps of providing a substrate to be coated in a
vacuum chamber, creating a plasma in the chamber, and depositing ions
of the plasma on the substrate to form. a ta-C substrate coating. The
coating step is stopped when the ta-C substrate coating has the
predetermined resistivity. The predetermined resistivity is
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-14- 105-1 d4cm, and preferably about 1060cm. The substrate maybe
biased during the method to aid in arriving at the predetermined
resistivity. The coating may be employed to reduce the risk of, or prevent
electrostatic discharge to or from the substrate, or to provide a seed layer
to improve adhesion between the substrate a 5 further coating. Also
described are coatings having predet&égmined resistivities. -15- CLAIMS: 1.
A method of providing a substrate coating having a predetermined
geamhyity, comprising the steps of: 5 providing a substrate to be coated in
a vacuum chamber; creating a carbon plasma in the chamber; depositing
ions of the plasma on the substrate to form a ta-C substrate coating; and

Istoppingdtied oating siep whersthedadamihsivatg 69aUgBATIRS Asdviy,

cBRgsIRiRpmRedresigtivity. 2. The method of claim 1 wherein the
redetermined resistivity is 1 05-1090cm. 3. The method of claim 1 or 2

p ni

wherBIRYAED Aetidtelifimitihe spateitins:alioutind 51:06B8m. 4. The method

of angrpsécgdingrslaimpyherqinthe caating is 5-80nm in thickness. 20 5.

The af. receding claim wherein the coating is 20-50nm in

thigkﬁgggg@f@%@t 5 q&%"ﬁy“&é%%ﬁﬁﬁj‘&?é%v(ﬁf@?e?ﬁ%k@ silstedte is
C334e8PAdring the deposition step. 25 7. The method of claim 6 wherein

the sstbppriatetie baary BdPe RN substrate coating has the

predetermined resistivity.

2. The method of claim 1 wherein the predetermined resistivity is 10°-10°Qcm,
3. The method of claim 1 or 2 wherein the predetermined resistivity is about
10°Qcm.
4. The method of any preceding claim wherein the coating is 5-80nm in
thickness.
5. The method of any preceding claim wherein the coating is 20-50nm in
thickness. '
- 6. The method of any preceding claim wherein the substrate is biased during the

deposition step.

7.‘ The method of claim 6 wherein the substrate is biased in the range from
~100V to -3000V.

8. The method of claim 6 wherein the substrate is biased in the range from
=500V to -1500V.

9. The method of any preceding claim wherein the step of stopping occurs after

50 10 300 seconds has elapsed from the start of the plasma creation step.
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-100V to -3000V. 8. The method of claim 6 wherein the substrate is biased
in the range from 30 -500V to -1 SOW 9. The method of any preceding
claim wherein the step of stopping occurs after 50 to 300 seconds has
elapsed from the start of the plasma creation step. -16- 10. The method of
any preceding claim wherein the deposition step is carried out by
apparatus in communication with the ¢hamber, the apparatus comprising
a carbon target and a power source for supplying power to the target. 5
1d.. ThQ\@’Iﬁﬂ”lﬁé’defCéﬁWb&&hﬁf%lg%ﬁh%ﬁ&%ﬂ?%@%g&e S%Eog‘lg eé: allsrré%griogtout
tgyaa greaqgggnacyzj%ratu,s in communication with the chamber, the secon

ppdr

atus compnaing = Hrsita e chnmesoie rsBares soosupisiying carbon

'peanesnd dheometabuargétr wirereingtheviarCoswastiajer coating comprises
metal provided by a plasma from the metal target. 10 12. The method of

ny preceding claim wherein the chamber is evacuated prior to the
epo$ﬂ8ﬁ“§t‘gﬁgé’rﬁﬁiﬁﬂ@ drdhriidhasanediiivthdamalm chamtenuafien
st rdrampietis l%euaguatedi@mlngmﬁtmé@fg@%iq%@ @@Qﬂégplp%r%@g_

) [ to 12 wherein the chamber is evacuated prior
O S e O il it ing metal
RivampBrafiinekbsstretsatscpiiiomecamtipromtetal stepiodd by a plasma
irgpréssueising g chamber. 14. The method of any of claims 10 to 13

wherein the apparatus is a filtered 20 cathodic vacuum arc apparatus. 15.
The method of any of claims 10 to 14 comprising introducing a gas into
lthe Vdsuuisilrhaiisey toréorvirgatsitingtendhetsubstiateeniiedsuated prior to

treodapoLinerofithe G RNELIEatd®; cleaned in the vacuum chamber after the

chamber is evacuated and prior to the deposition step.

138. The method of any of claims 10 to 12 wherein the chambier.is evacuated prior.
to the deposition step, and the substrate is cleaned in the vacuum chamber after

exposure to the plasma and prior to a step of repressurising the chamber.

14.  The method of any of claims 10 to 13 wherein the apparatus is a filtered

cathodic vacuum arc apparatus.

15, The method of any of claims 10 to 14 comprising introducing a gas into the

vacuum chamber to form a coating on the substrate which is a compound of the gas
ahd ta-C. |

16.  The method of claim 15 wherein the gas is one of nitrogen, argon, ammonia

oxygen, methane, and ethene (ethylene).

17. | ‘the method of any preceding claim wherein the substrate isoneofora
portion or component of: a fingerprint sensor; an electronic package having an
exposed active circuit; memery media; digital memory reader component; an

integrated cireuit package; or a fayer of an organic light emitting diede.
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16. The method of claim 15 wherein the gas is one of nitrogen, argon,
ammonia, oxygen, methane, and ethene (ethylene). 17. The method of
any preceding claim wherein the substrate is one of or a 30 portion or
component of: a fingerprint sensor; an electronic package having an
exposed active circuit; memory media; digital memory reader component;
an integrated circuit package; or a layier-of an organic light emitting diode.
-17- 18. A substrate comprising a to-C coating having a predetermined
1@sistivitynof Q54 ; T ?%tr of claim 18 comprising a ta-C
£eating having a pr%%;ﬁ?n]ﬁ?gd@g %{s%s i\’ﬂ%}%@? f&é&%er%r%ﬁ digegtstivity of
coatlng(fg}’ a substrate, the coating having a predetermined resistivity of
105-109f2cm. 10 21. The ta-C coating of claim 20 having a predetermined

fesistiyity Qf106Q - {he substrate of claim 18 or 19, or the coating

of claim 20 of 21, vcéﬂgtfﬁeﬁ]] Eﬁ%oc?a HRg IS Provigeatsy ey e thbtedeiawiped
"Y1 9£298-23. Apparatus for providing a coating of ta-C on a
substrate, the apparatus comprising: a vacuum chamber for housing the

ubstrate cogted: means for creating a carbon plasma in the
ggba@%zgﬁ(%:ﬁgsé[gﬁ?% "Fine%nss“%?'af@ﬁj'éﬂ'ﬁﬂ‘ﬂ]@aﬁﬂ%ﬁs"(@fjﬁ@%{ﬂﬁ'@@ﬁ@%ﬁ‘lﬁy of

1@aﬁt5bﬁﬁiﬂasma, and for 20 stopping the plasma creating means when the
ta-C substrate. coating has a predetermined resistivity. 24. The apparatus

opf clgim 23 wherein th cE{%eqletermined resistivity is 105- 1090cm. 25 25.
The apparatus of Claf rBrzgi‘ﬁ)ﬁ'é?é}rPfﬁgeﬁ?éaét@?m@&%@&iwmsm.

about
22.  The substrate of claim 18 or 19, or the coatirig of claim 20 or 21, wherein the

coating is provided by the methad of any of claims 1 to 17,

23,  Apparatus for pmviding.a coating of ta-C on a substrate, the apparatus
comprising:

a vacuum chamber for housing the substrate to be coated;

means for creating a carbon plasma in the chamber: and

control means for actuating the means for creating the carbon plasma, and for
stopping the plasma creating means when the ta-C substrate coating has a

predetenmined resistivity.

24.  The apparatus of claim 23 wherein the predetermined resistivity is 105---

- 10°%0em.

25.  The apparatus of claim 23 or 24 wherein the predetermined resistivity is about
10%Qcm. |

26.  The apparatus of any of claims 23 to 25 wherein the control means is
configured to stop the plasma creating means when the coating is 5-80nm in

thickness.
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1 ubflcm. 26. The apparatus of any of claims 23 to 25 wherein the control
means is 30 configured to stop the plasma creating means when the
coating is 5-80nm in thickness. -18- 27.. The apparatus of any of claims
23 to 26 wherein the control means is configured to stop the plasma
creating means when the coating is 20-50nm in thickness. 5 28. The
apparatus of any of claims 23 to 27 comprising substrate biasing means
for biasing the substrate when. the plasrpgilac_reating means is actuated.
29. The apparatus of claim 28 wherein the substrate biasing means is
configured to bias the substrate in the range from -1 OOV to -3000 V. 10
30<The aPparatisasfickinmz® iereinthesibsinateibinsing mednsiss is
confighiprt-dahiag e subsiialadaihg A0S A, BOOMI0LS00M: Fhioy i
Thﬁ‘%p(gggatus of any of claims 23 to 30 wherein the plasma greatlng

means is 15 a filtered cathodic vacuum arc apparatus. 20 25 30 A

METHOD AND APPARATUS FOR PROVIDING A SUBSTRATE

CQATIN ING A TERMI SISTIVITY, AND USES |
TQEéREF%hI%_i %gsTRX§T%E$n§et%%%h§ny %Ejﬁ?ﬂ‘spfé?‘%?ob\}f ik basing means
s%ét%?é”&%éﬁ%@‘ﬁé(fﬁi@ winredetopinied cresigivmendesaibedethe

method comprises the steps of providing a substrate to be coated in a
vagygum ?H@%f&%@%t}%?ﬁp ?85 \%elgai%hﬁwgh& Sbtreart’e%gscilr?g ?nsegggg is configured
to bias the substrate in the range from —100V to —3000V.

30.  The apparatus of claim 28 wherein the substrate biasing means is configured
to bias the substrate in the range from —500V to ~1500V.

31, The apparatus of any of claims 23 to 30 wherein the plasma creating means is

a filtered cathodic vacuum arc apparatus.



ions of the plasma on the substrate to form a ta-C substrate coating. The
coating step is stopped when the ta-C substrate coating has the
predetermined resistivity. The predetermined resistivity is
10[err]-10[err][errJcm, and preferablgabout 10[err]Ocm. The substrate

- may be biased during the method to aid in arriving at the predetermined
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resistivity. The coating may be employed to reduce the risk of, or prevent

electiestade di ubstrate, or to provide a seed layer
to yRpQue ﬁﬁ?ﬁﬁﬁﬁ&%@%&@@@ G ARy Bodfify REGATING
descri[)ed ARG 8 AR RS Stavimin et sistivitias S RigpesHl]

ABSTRACT

A method and apparatus for providing a substrate coating having é predetemined
resistivity is described. The method comprises the stéps of providing a substrate to
fae coated in a vacuum chamber, creating a plasma in the chamber, énd depositing
-IOOS of the plasma on the substrate to formata-C substrate coating. The coating
step is stopped when iﬁe ta-C substrate coating has the predetermined resié.tivity
The predetermined resi$tiv-ity is 10°-10"°0Qcm, and preferably about 10°Qcm. Thé:
.S-utfsirate may be biased during the method to aid in arriving at the predetermined
resistivity. The coating may be employed to reduce the risk of, of prevent |
electrostatic discharge to or from the substrate, or to provide a seed layer to improve
adhesion between the substrate a further coating. Also described are coatings
having predetermined resistivities,

[Figure 1}



