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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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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



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 coating having a -2- resistivity of an undesirable variability. Also, wet
applied coatings are most reliabfe” and consistent only when relatively
thickly coated. However, thick coatings are not desirable in precision
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C roduct. It is an pbject of at least one of the preferre
and Cc?”ég(}%?)‘g Sl e trﬁ%ﬁ\{\‘?g’n‘# b OB o et i leRe R atOm of
desirablg i priskieirTserfaneaingr astthgoorying desirfitsy aspedisthbats is provided
dimensiéibehad th&ga/&qm‘isubstrate coating having a predetermined
resistivity, comprising the steps of: providing a substrate to be coated in a

vacuum chamber; creating a carbon plasma in the chamber; and

Itis an @té-pwﬁmglm gﬁéfze mamaea@mww%?fqa@ aﬁ&{@hﬁgra!
overcorfMRRAHS SBY -C). substrate coating; and stopping the coating
oo step when the ta?% s%t’?srg?a (Pe cgﬁfﬁa? S e St Fhined resistivity.
ta-C coatings are used for their hardness, wear and scratch resistance

According jo,a fist aSEer thetedp RipedRe 8 methar of previing asubréstcottinsingvihg a
predeterpripse ndsintheiytiommpHonganestdns using the novel and: inventive method of

PRSI ARESENIIMEHON, 1S 8%5303 possible to achieve relatively accurate

resistivity properties in coated substrates "which increases or at (east
Eriamecehn psegdindiechampeupatrate coating. Examples of potential

depesitateictascrinedbinsmersh drsallbalew 15 iefer ARG SHBIRRIN G von (ta-c)
substratéec%'ﬁh\ﬁ%dﬁ 105-109Qcm, ranging between an insulator and a conductor.
Also préferably, the predetermined resistivity is 2 x 105 to 10?fQcm, or 4

S{ORYBIHIE CRIDSRAR. WheRdhsrierEralfistidte pratitgtbamtineptsasisthnititesistivity.
about 1060cm: The coating step is stopped when theta-C substrate '

- coftiRNG e o Aredelermined esiotuly Preforably the resieiviy i
and these p_ropert-ies are also present as a result of using the present 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 mere
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 ﬂ;e accuracy

of achieving the predetemined resistivity,

‘Preferably, the time duration of the deposition is 50s to 300s,
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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 of achieving the predetermined
resistivity. Preferably, the time duration of the deposition is 50s to 300s,
-3- Parameters affecting the predetern@ined resistivity include one or more
of the thickness of the coating, the amount of bias applied to the

eslasitale: o ARG 0B AR ANV o] gaS prosent n (e

the deposition process, an ation of t%remqoéﬁoo itldh

ity 9%{{”” : |
The'step of WepPiRg ey helddnsramplial leithg subpretietemininechting,

step.
t@@a‘ﬁﬁé@'ﬂﬁ?&g@sﬁ@a feectivadk 3h3§ SHAghEeVIRRIHY 'fﬂ%%ﬁéiﬁgs'iggn process,
Aiesigthaty Phik {iTglap atthe stopping step is employed when the
prgdetermined rggix?s'jtiy%/%i%g%%}et\gég.Sger%fgr‘oé%ﬁf' THBhBRitBIe CRiped using a
PERPRETE0P By ARt g iR i arfeetivvinsentive; dOvitambesathee the
reppaviblos bemprising aenarkoh SRR APAVERSAHISE [RI.SURRIYINg
ppéyg&rrﬁmgg TR an %ltern tive embodiment, a second deposition
. f achieved. ) o .
step is carried out by a second apparatus in communication with the
chamber, the second apparatus comprising a metal target and a power

Pegtarabifomsuppbing Re it melAb ek MISTHIL G ESIOSAIE,
ceQAHRY aMprises metal provided by a 15 plasma from the meta arget.
' Ramber 18 eV SHAPHEF 96! Prddepesitiorryiep fenslitiptying

Preferably, the cham
PRBSIrdfe iRrgrbatiedrimiiesative emichdimber aftectha alaBRRIISep is

caavaduatas angqrier 10, 5hedeppsil] so.preferably, the chamber
ag \éﬁjcstfa?rend prior to.t%% epfgﬁgﬁ}%%%ﬁ%%f@hgl t e%1 seug’t%)?@?eefs‘*éﬁeaﬁ%%d
in the vacuum chamBer AitaI9ekpag.H & B8 e opragria suebpivr ro\eestephe
mefdpiealsiisingtihe tndhsbntRiefesably; thepepasitiomapRAMES (52
plditeretlpathediciaeandm arc (FCVA) apparatus. 25

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 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
nitrogen 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’pAféferany 0.05mTorr to 1.0mTorr, and
more preferably 0.2mTorr to 0.8mTorr. Preferably, the substrate is one of
memory gieglipoftidinit. mempyrentofcanfingesprifiaansam o glachionie package
suspensBaVipg apL£» iVe. CIXGUIL: h scr. anel; -4- memory
- P e ia; a ﬁ?ﬁs rﬁgkrﬂﬁ%?ré%@?r{%gﬁt%ﬁ%ﬁu@g@pﬁgﬁ%%eci?&uit on the
mponen RRab i wtis Hiraatidibaees) adaveted rnedeniuiigh Cymiatkage, or
diode; orcofiapbmeatrigresficandgIvales m@{tgn%ﬁ@@,%@n@@r@ﬁnﬂg nic light
associat&PILAg, diode; or a flash memory device (eg Secure Digital card’or
Compact Flash card) or associated reader. According to another aspect,
there is provided a substrate comprising a ta-C coating having a
Accordingipetietesnaisredt, teeisibip \GieL0bs 189 Borrmmpdtioydingldayehanatitgra predstermined
resistivity @SRPECH thakg,is provided a ta-C coating for a substrate, the coating having
a predetermined resistivity of 105 -109 Qcm. According to still another
aspect, there is provided an apparatus for providing a coating of ta-C on a
According Suistrard)hesappdhatass cooprsing:-€ veaiigToehamaaidonbesing iheng o

predetermPdRPLRIR L Be §0atedmeans 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

ACCOfdinmaiﬁiﬂgmaa@nedeﬂeém'rua@davr@&%ngpé?éﬁﬁ@?a%}’oﬁ%ﬁﬂedeterm_i”.e‘?' .
a coating ESSEINLS, H0p:1090cm _ Also preferably, the predetermined resistivity is
¥ 5% 105 toﬂO?%%r%’,%? AHBEISE R ROCcm. More preferably the

2 YRetBtEhRTIRSE fre Srutping the abiotret0B8@ennaldsp preferably; the control

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 predetermined‘resistivity is about 10%0em. Also preferably, the contro}
Lmeans- is configured to stop the plasma crealing means when the coating is 5-80nm
in th_ickness, and more preferably when the coating is 20-50nm in thickness,
‘Altemaﬁvely, the control means is bonﬁgured 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 méans for biasing the
substrate when the plasma preaﬁng means is actuated. Preferably, the substraie
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



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, théacontrol means is configured to stop the
plasma creating means when a feedback mechanism registers that the
predetermined resistivity has been realised. Preferably, the apparatus
also comprises substrate biasing means for biasing the substrate when
According ideqites aTeboraemgismbasds Hsreiotibreslis Prefisteiohsultar aig samratéinBiasing
a ta-C coaliN§MARISLAR g&@me@%mmbévm ab*HAO R 1AM R gNgdnore

. preferably -500V to -1500V, Preferably, the plasma ¢ reatln means is a

oredetormii 2 v 0L S APePAfe 4o RSB METFer

preferably tmapeoslimeniisdossetibiydirtihetd (¥ Peovided a substrate comprising a
ta-C coating having a predetermined resistivity of 105-1090cm. Also
preferably, the predetermined resistivity is 2 x 105 to 1 O7Qcm, 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 embodiment disclosed herein, there is provided an organic light
emitting diode (OLED) display éemprising 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 layer, an OLED layer;. one or more metallic layers; and a
Preferabily, (hp JubsHAtRFARRIs auddAtagestiag hivirg eEmeddtexitive dormistiviy to
of 10°0agass based OLEDs, and the use of the ta-C layer improves the adhesion
between the polymer layer and the electrode film layer. Also
advantageously, the ta-C layer prevents permeation of air or water -6-
Accordingyipsaiintheh porigHithen jrtiglensd Iagreintahgre mprailicds/ers, watinthiss 2
e foer Tthie apoes Pl e i e on
ve described method aspect. Preferably, the ta-C layer is 10- in
profecafy S R TIAR TENG o thela e Wy RFs B A2 66+ 1080,
10°Qem pier aEiEeidypbly predtpenisegdolsaation atettbet ttafiSparent electrode
film layer is one of ITO or ZnO, and the one or more metallic layers
Pi’eferabilnC!Hde C? an fAI'. Iso preferably, the OLED display comprises a
Sacong AIts B KPP R &hRSBR ot PIRWEafLOx fRRs 2 Beya deshibasic
method fgpeetbeing 20-500A. According to another embodiment disclosed herein,
there is provided a method of providing a coating on a substrate so as to
reduce the risk of, or to prevent electrostatic ‘discharge to or from the

Ao vl bg ipgR B0t B eoRING teb@iRvbihe specifcation meaas

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



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 amorphous carbon (ta-C) substrate
coating having a predetermined resistivity. Preferably, the deposition step
is stopped when the predetermifed resistivity is 105- 109Qcm, and more
preferably about 106Qcm. Also preferably, the predetermined resistivity is
passine ) 1. 060cm. Mare preferably the
et O e i
“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
‘ Y 10d, comprising the steps of: providing a substrate
P e B R B e the
chamber, and depositing ions of the plasma on: the substrate to form a
Preferabily dhetral iaymophousodareicliaess. SubsiralR coaiRdnNaMINg 8 C javer
is p-re‘fee%rtﬂﬁ"? [%ﬁ]ﬁ nqesistivity. -7- Preferably, the deposition Step is stoppe
wheén the predetermined resistivity is 105- 1090cm. Also preferably, the
deposition step is stopped when the predetermined resistivity is 2 x 105

Preferalily lA£@RIgas QB o (2o HIRO R MAS RIS ABI IE Aengsition

one of ﬁ@Brl%s&?gﬁEﬁv%he&tgre r!ggfr)rer;detegrrﬁl_ned resistivity is about 10600%_. In'5
one embodiment: the subSistENedlisplonses DR faransrdoaiisg is a
preferatiyetag S Pridicnl 21 aypopmi: sk sferabty (48 bybstate fsepaiycarhanate

metallic¥@Qr the $88tal eANOUNG,Sd S0 £H10- 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

AccordingKagnpleer sniyodiithntefiecenee terdne thecompamystgadhaviags provwdieh:

a coatin&@U@&%ﬁ%@s@rﬁwgtﬂ@ggﬂr@i '(!)IP‘%r gl%r"i‘t”e%%l?&qgﬂc‘? nt of

. apparatus for providing the substrate coatin the invention:
d:schargepg or %rom?ﬁepsubs?rat%. the method compris?ng the steps of:

oxidati

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 coafing 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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and

15 Figures 3 to 4B illustrate several uses of an embodiment of the present
invention; and Figures 5 and 6 illustrate exploded schematic and

magnified portion views of an 20 OLED incorporating an embodiment of
the present invention. Referring to Figure 1, a preferred embodiment of

the present invention is a method of providing a substrate coating having

a predetermined resistivity. The coating formed from the method is to-C,

or a ta-C compound as discussed above, being about 30nm 25 in

ickness. The predetermined resistivity of the coating is approximately

s B e A A e e
& gertieaippteraelyctittedeas Aitisttio Histharge (ASD)eonbIBS AMcd
resisseag ilayers dordmprawng.adheionoetveen adiagrnt 'ﬁ‘g’e‘?&?’am / the
dgr%%glegtgf th% t((:)oatlg(\;gz;llso allow it to provide a 30 secondary use as a
barrier layer. EXAMHIES WPk Afedpeieingd wssiidbea abertsiteem. In
Oy efsbarérdedictive duhstnateidletadlpelowndhegietasiechmpil e0-06H08! or 2
RIS EBIRERIIOP (96 PIBYIAINIA SIS SRAUAGL NRUNG Ao e ety

redetermi resistivity Is performed in an apparatus 10 comprising a -8-
C\g/)g\ GURTd gfngogf%%‘e%ﬁ??@f@’éoﬁtﬁﬁ‘@ﬁgﬁﬁﬁé? & MMt mnsitation
coithomiehagd fbredretiting.eaplasima pothecehamber, in the form of a FCVA

apparatus 12. The FCVA apparatus 12 comprises a graphite target, a
pRQuer source for supplying power to the target, and an anode in a
CoRventioRAPAPSRGEmdre AP R Ib oW IS F s b &t U wapviflesaanple
oflagyith isfdeserbediie theappliogingsdatematipnahRRatent Publication No.
WO-A-96/26531. Whereas the preferred embodiment is arranged for use
_F_jwdth. %n FCVYA apparatus, it will be understood that in alternative
emBodiATEhes? e PRRAtS fiagrpepilwinineyhebsies of ghymesttus for
Prodigor epoditivatappatiatusf tsachvasteenventional apparatus which is
wholly or partly within the chamber 11. 10 However, it is preferred to use
F-FCVAﬁ paratus for its filtering capabilities to prevent macro.-pa!rticles
'wgr%scoagh‘?%? RiGererd issof an embadiment of the present invention:

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



P

10

15

20

25

30

The vacuum chamber also comprises, in communication with the coating
chamber 11, a cleaning chamber 14 for cleaning t_he substrate surface
prior to coating. This is 15 achieved by use of an ion beam source 16
within the cleaning chamber 14. Feed and collection s_ubchambers 18 and
20 are also provided in communication with the cleaning chamber 14 and
vacuum chamber 11, respectively. Thé chambers 11, 14 anql the
subchambers 18, 20 are in communication with ;etahch otgetr V|tz; narrow
i j re,si t Sspgeof the substrate .~

erhount 20 Store o oA AL AN o et moans

ith et A dhechamieroindhe femike faiEfehbeppmatals derote

Wi _ :

ﬁ@%@@t@rmﬁig@@mmmw@@wm&a@g Aexsiie soateHab WERLARA power

Sntln GRSt S o oy and n e he S
A\f}) is in discrete units, such as integrated Creart'ac) FHER3gew

F éorﬁ Pigires 3 RiAem2 iheleseihed is bormpnlvas! winteentierauibstrate 242,

PRglciiombise tvigor 9Bexfead SURRERADRLADIIOLIN NSRS 34800 ¢,
44 gid ety collection %ﬁf%a_mb(?r 20, via thei' narrc;w ?penlngs <1
“ihe method; the Stbstrate 244 Bis oGRS S mits iy sraodirants,

h BIRSELE ShibichapBeided, anelihetyoRamieigsids| id@nd GupeaABIDEES ABts.
SR arecovaamRes Hbaa@éﬁﬁmcﬂf@%%?%ﬂ&éﬂﬂr WH‘%&%&%%”.

ingeod in to the yacuum chamber 11 to apressure of about _

e sﬁ'giﬁg{gt%ﬂﬁ% %‘fﬁ%r\?éa%ﬁdﬁ’(j’ﬁ%é Eﬂﬁéﬁ.ﬁ@e@mﬁwmummmmm

MAREHBEICES. fitve dontiventimesobmentbsisraeitiated to clean the substrate's
24a,b surface prior to moving the substrate 24a,b into the coating

FCVA 12 is then actuated to provide a plasma of the

Tambent émg’aﬁs%‘é‘?’fé’-“és]‘;b%%fﬁ%ama#@wﬂstm@@tmmber

raphite target, su _
11?@&8?%9@1@%&%& for thecinating efbthesubsitaie sHEaeR: &‘gﬁﬁh gms is
mare,,

nds. Further
e R praese ths o (oA T S e e e
PO AL By AU CabS A SRR e s -oootingc

clegaingehrmberdd with greater cicautasy thassmowriethadsn QRse e, 14

and the subCh‘ambers 18, 20 are in communication with each other via narrdw

-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 it 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 24&, 24bis
mpved- 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 subchémbers 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 24a/b is moved through the opening 22 in to th
cleaning chamber 14. The ion beam souree 161s actuated to clean the substfate’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 plasma of the graphite target, such that
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coating has been applied to the desired thickness,_the substrate 24a,b is
moved from the coating chamber 11 to the collection subchamber 20.
Once a predetermined amount of substrate roll 24a or number of
substrate units 24b have been coated, the ion beam source 16 and FCVA
are de-actuated and air is introduced into the 10 chambers 11, 14 and
subchambers 18, 20. When the pressgre inside the chambers 11, 14 and
subchambers 18,20 reaches atmospheric pressu”re the coz;ter(]j Cor 20

I n removed fro collection subchamber
%}Hﬁé %ﬁ;éb%a%ﬁﬁé(ﬁt géﬁ%tees i gure{ @th Birdriesdd ferhsverpting of

th ﬁrﬁ‘ﬂb‘}ﬁ’ﬂﬁ%sﬂéacﬂ?dﬁ\ﬁéw%lﬁ@ Kubeha@ebetsby drivintaoliess @biswhereas
me:ﬁmbmilmﬁjlthdlU§§ﬁﬂ$§‘éﬂ6’c5&uFﬁeszBEtéHQ%rB‘FEsBQ fonseP

h th ers. and subchambers on a car or conveyoﬁkenot
‘A:%ﬁr%t@%?&‘v%frﬁﬁ %'aﬁ%”éﬁaﬁa‘f%ﬁi@waﬁ% paRGarEvite sbtiond
CRRtRSHEe phistvsitowith) deeirt At cammuyricationowithbe s@atingce the

taII|c n rovide a
e T T

G bt et seies ias A AraThe0p Blerrctipradehathinasg
aggisihgipsintformitepertiesnibiolt pravideanimpayed ANIRtE 254, e

.odlseaﬁ{%dé@ 8 shainowAen GRTARIGA Il el appied AT o

oatin %s discussed ‘in relation to the prlora above

roidE BYRARABRerEr S FRe it habe teswir ¢hatithacoalingBers

1 ha‘vbaﬁ%ambrfbmmbﬁaf tla|2Kne§§he%(é‘i’m@%@%ﬁi@ﬂ'r%etﬁFﬁ%ﬁ%&@%ﬁé{%@ e
sd%me’t&}@,é}ﬁ%@ﬁ%lﬂ%&%oveﬁeﬁ'c?%"t\»b ﬂ?ﬁﬂeﬁ%glg@”%é@%oat

5%. This level of tolerance Is not poss
methods. Results of other standard tests have shown that the tribocharge

In ¢t toalingratik 0V isis EiYurand he SiBlicdecanis 040119 g&hCHFOﬁ

t t has shown that the coating'is still
?“%*Pg‘??f%ﬁfi%%%%ﬁ%ﬁ% o eth £ Chiras e Amaecipprec

luzy, g‘t@ﬁ&ﬁ%%ﬁ@lﬁ%’@@ﬁmmﬁo?(ﬁMmﬂmmm titragprtieshathndue
antbspboharihesiash il mioweved«@ﬁéwaww HAISkHY rfalFgyLhe coating

of the preferred embodiment has a relatively low stress of <

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 tolerance 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 ulfrasonic 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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1GPa, relatively high density of >2.5g/cm3, and relatively high hardness of
about 50GPa. Since the coating is applied at a relatively low temperature,
(ie approximately room temperature) the coating process does not affect
substrates 5 susceptible to damage at elevated temperatures. If it is
desired to have a coating resistivity of more or less than 1064cm, one or
more of the coating thickness, gas present during the coating process,
the magnitude of biasing of the substrate, or duration of the coating

ss.are alte uring the 10 co t|n IOCess, In an alternative
@Eﬁgg ?Fr%egntiﬁé ﬁ cE%erPs%]Tg” e@‘lce é) PPl dﬁ@dﬁﬂﬂj"fﬁ&’ EY4tRiGss of <
b‘?&f’eé@"t‘éﬂ"ﬁ{éQﬁh@%éitbeéisﬁ/ﬁyfoa‘rﬂwerabaiagvesudahgnhalrﬂnescmatla@out

RrosesS STt geston idiesf termined
E;ﬁSlSthltg/ N measurﬁ(f:iéj tl) gfﬂ]feedbga%%(ﬁsggﬁas?lgg@d%ﬁl??g Pé%ﬂlgl ?ﬂ% 3

listrates ah' Srbodim t'éﬁh‘@?ﬁ%ﬁ@ﬁ@ﬂﬁém%§%ﬁ¢@b%@éﬂﬁff%
fasceebitng mmaesatmbteamsﬁmﬁysof about 106Qcm is provided
on a conventional fingerprint sensor 30 by the preferred method of the
prese t invention. The fingerprint sensor 30 is basically an mtegrated
citrésu SUERAGERR hGoaHneciRrs et meratal bisdacanei@shwisies or more
g;;emmmmma ysepsfingeraing w?aﬁthg%@d‘amrﬁ% &ﬁaggg;dg%rf
S mpgpnents,of the fin rin sor
mclﬁ%%gfggg\% %Egr%?%ﬁerﬁﬁg%g 8n (flg]ctrlgg I'a3 rr(r)ffjenlca v?ft%gtﬁé”é{&

CORANR BACEPCH % ey D RIFE SR o agiedtblaca®naing bevids 42
phetiveeriubonhpadatid prikasep PRI A6RKEK S 1ilE P&gﬂ%‘%}“&mh
|

Tﬁ%ggggm ace ven |onal in gerpri int sensors Is usuaIIy
th
N or Sfoﬂzéang%ﬁﬁ;ﬁy RasB" re3|s V|ty°8‘f'9%6‘i’?56% hI‘*herefore in
Pb‘?ﬁ%&%@"ﬁﬁ% irsistivhteAsretRgeshstiticlesidbtibitefrainy thelidingertip

when touching the active circuit 34. If the ESD from the user is great
FRRPMghythE. G uit. and/or ectrlcal components connected thereto

E“gn be |rrega<3;1ra‘1§b}1(ﬁ %ﬁ.%a%e ?ﬁp%ltﬁﬁe Hok COMIRYCS Ao R e BRsenting. A
frfvenatine %ﬁ@%ﬂﬂfa@@mﬁé@ﬁﬂw ohetrink dPEBD is redvided on a
cprevatived ﬂe@d@hﬁﬁﬂ%@ﬁﬂgﬁﬁu trrspreficienh ReRSWEHYIY (S?eg%g{?‘;:‘?vetn@on
THUALEIIAS Y9Ls: RIS LRGN e Soaling 32,19 the active cireuit 34
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 electrical 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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-11- As will be understood from the above example, the novel substrate
coating may be used to protect from ESD other types of exposed active
circuits, including touch sensitive display panels 5 Figures 4A and 4B
illustrate a method of coating an active circuit 48 prior to wire bonding,
using the principles of the present invention in a conventional lithography
process. In this example, the bondingipad 50 cannot be covered by the
ta-C coating 52, or wire bonding will not be achieved. Therefore, a

Ahaten [ the bo ding pad 50 prior to applying

the sutgftﬁf%ﬁc?ast?r:f oy %Ié)ﬁ)%g%%gfg] i t[r}]a ergj aé Sl ?Eeaﬁrﬁﬂﬂtwg {NiftK be
H5SiePat %f%fé%[ﬁr%gébog?ﬁr W60 R SEPeterhentivsAiatieanthdirapating

S@Zaméthre;ﬁm,nphng{p_ad 50. Once the ta-C substrate coating 52 is
applied, a NaOH solution is used to strip the photoresist 54 and substrate

coatlng portion 56 thereupon from the bonding pad 50. As illustrated in
P9y ABanh B bt aectimivehoalitgBbeiriy e aitad By it to wire

bsuhsttﬁum@an@g)%@ugwmel&ée@rﬁmﬂﬂomﬂ Q%&%}Q%%é%fﬁ‘?gmlgphy
alter atgvg arran nh%é the principles of the invention can als
Plise W|31 ctal TR ASRAG I o hherapieses iy phevieiéciating

nown.,
53 preditchatiriad vshapttte vgvevgtediternninehysoiionss(QUIBASWER is

phebad pads) pbibeGpliveseitsyl tB%Bﬁ%é‘G}B%‘%"W ed g%ﬁe%g: %ﬁk Elgure 4A

HEXRISS (3 ur|n the ta-C coating process. After coatin
removad to? eea?ﬁﬂ’rﬁt UL @éﬁ%@ﬁoﬁﬂ%@gﬁélﬂ@é@ahﬂ@m@mt
S%H%mathser@ﬁmmmnonm@nag BnokgaBCtight-€miHgMA9R ing
51@.&@)&5@@ ivity.property of the c allows 25
coaing %é?ﬁﬁ%&“ié“fiﬁi%éﬁ% o et

VRPECHROM R Y eibRreincrBakGhcdpibptities. in Figure 4B,
th@dﬁ@éﬁﬁlmb@b@@&amBﬂS&JS@Wﬁb&@?QE@%@QFﬁtéQ@Hﬁlzﬂj%ﬂnbut with

‘th@rgl@gh@@Msgetﬁéeerx&og@dﬁsparent electrode film (eg ITO

deposited on a surface of the first glass layer, an organic OILED polymer,
Ca and Al, and a second glass layer. As glass is brittle, current research is

In 30 eXplodhy:theadplacement pfitog Bass layerwihdesibledrpsrarentis
krRQIMMRNS ming 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 hght

. 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 polycarbonate However, whereas the temperature when depositing the electrode
fitm 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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as polycarbonate. However, whereas the temperature when depositing

the electrode film onto the glass, layer can be relatively high, it must be

lower when depositing 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 12 not

effective, due to high resistance of thet polycarbonate. Polycarbonate

resistance is several orders of magnitude higher than that of glass, where

ribegesiglancaofo Hapsds; QXA nd the resjstance of .
carbonate is.a @@ﬁ%ﬁﬁ 20k(§§ %}5/ grglsr,%s%?va}% ‘is%’i’f? Ut Rikgance

-pol

Ig% y‘é%lr£8 H%fres i%f 62%%*&6%"6&% HRa faten! YrReparhesalilitycsfstance of

Pastgdartionerenmiebndaneoparatiosialdie-ab B LR RELCIILE, EWHQEmately
a

mm@{@%@gg\j@ tgs,sigw@cgﬂe day, due to oxidation of the Ca layer by air
and/or water passing through the polycarbonate and other layers. 10 In

the embodiment illustrated in Figures 5 and 6, a first ta-C layer 58 is

Atsovithdiaibsing diie peathadideseribadiabave, hRINSSHa AYiKsarbonate
er 62. The thickness of the ta-C

_ lectrode |
playes80:and an, fapsp g%é%:%ﬁ Lﬁ“o% gﬁrQH%‘Pe?éﬂeﬁléE%‘%R%‘Wb"” ate is

layer 58 is 30-50A, and the deposi
IS eatiprodiirta ekdaticyef toaBadaye ity thie polycarkengiadayer
theviigtieerpsigtivity o letesndQ8yangd 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 electrode
N4 eaR oY iHysirsied brfenassienoonyentiantace apePrInRic kil
ugioly e rayeldd s Eang is-mbadiment, a second
trQr?Aérag- L 1Ia ee_rtri(r)] Cg]? forr%of a é@%@ﬁﬁ%o%%%@gﬁﬁ & f%‘{/%rrgéﬁgd@qher

provided on the Ga Aidl Al ldyt B RReshRElta e jprashisins tided the
deppriitagesrieseinitrapeteabiiyithiedgh gheipeliCURORHS SR on
th6 oy taerCratayey EnhaRRIPXImaay: imes: It is.also, preferable, as
illuatrated in dgci:%uj?h%' }é)sfs%.&ﬂrgr&}g%%%%&g%ggﬁhea iﬁ‘{f/do% h[§°81ut§;ms has

y of the polycarbonate layer 60 to between 10° and

] . ar
10°Qem, and thus improves the adhesion with the transparent electrodé layer 62.
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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25 polycarbonate layers 60,68 to provided second and third ta-C layers
70, 72 over the outer surface of the first polycarbonate layer 60 and the
outer surface 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 according to the preferred mé&ttiod. The additional ta 30 C layers
70, 72, can reduce H20 permeation from about 3ogm-2day r to < 1
Ogm"2day- when applied at a thickness of about 50A, and to < 0.6gm
aeday él\gm ' hick f about 2000A. Permeation can be
furthe% red ucgjﬂgiﬁq}e\?é%?%%%@% Srﬁéfamm‘?iérﬁ/%@ﬁfﬂ‘h’?ﬁﬁﬂﬁaﬁéﬁ%@ﬂy
PRAFEHEY 4T o catsbiuts talopustratesisioplaesvoba sibgieand polymer
Iqyeiycatiennatedayien witasingle daGdaverapplisd thereto; 13- As,will be
t@RpAaNEdom the aboye B&ED example, the present invention has many
potential uses as a seed layer 6 o AnREstm Werisshnakiakatger with
A gelitive Ryerstimerediefasitmgabetal 0N taplasties AT PESSI@LIGEM
a@nddinitawhHien and CDs comprise a top
BRREBHGAVEN BRI QN PR ?a&er arnydt?n% éPBQIES\ﬁ‘ R

. most polymer layer with a reflective Al layer immediate
'"t(g?%‘;i‘&é% %‘ﬁaﬁ;ée‘f ﬁ’%‘\f?ﬁé‘é"i’ﬁ" R derasied o trensiesent iBieittion touch
S%@WWQF@AMBW amth@wmﬁ_feﬁqaww&h%ﬁﬁlﬁém%%fcm?d@“ayer
Ihmﬁ@ﬁ_dﬁﬂgﬁﬁﬂf@! 55%9\%&9’3’%%% ﬁ‘nlmtlzlgor!‘}g’atnoclé(:hi !ic[éeen pan(%ls i
be“ﬁ/@ rise a top most polymer layer with a fransparent AfddtroaRt iyenien
thereon. ATECILG M3 SR GaliEeH atopreenedhwitthe present
invention between the electrode layer and the polymer to improve
AahesioneAswillalse ke ynderstood by the skilled addressee, the
ashyvention may be further% g%p%%%%@%%éersﬁggsF@o’f’é‘?ﬁﬁ?ﬂlé’}%é’?é&ﬂ@?r
PRI AR EAN Bea RAFEREPlHES B agparamus tchhdzel coatadrasiisk drive
apﬁéﬁ;ﬁmbﬁgﬁﬁ%ﬁm@& i%e@aﬁ#%@&ﬁ@é Eﬁgﬁ@? IQ%J&%%%ESO
froak to rd.d 0. tray and holders used in"production and"
anljgnsport of silicon waters ﬁr% rt‘):’je(j(':scy){(aitértlg3 SeSvainG fAlAe ™ Hsteshisproduction
Wetfiol G RS B dvRaled atagrith  tesistivityretitAbiad of
the) prsriom hirevidve sotingeath foreashor, leisvwhicheaig Presantly,used
thdpsed U&?é&%éﬁh!@(s&%ﬁch are presently used to reduce the risk of ESD
hetW@eﬁ 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 understoad 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, anjd- depdsiting ions of the plasma on the substrate.

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



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 changesimay be made to the invention
without departing from its scope as defined by the appended claims. As a
18 of t resent jnvention provides a
8 R AU TS URE eet o e
MRLALE BihipALa& @ a' R eidroviting & Sabdtyatdhe beatogiedjrba
evatoysd chanthes irereialing arplasaa ndhecham Q%rctﬁﬂgedl%p&sf'rtghg 4ons
s%éﬂﬁt@'%‘?%ag%‘ﬁ[ e g,ubsg te _t? form. a ta-C substrate Coating. The
coating'step is stopped’ WheR the 147 Qb &faes eo Rl ¢atstiifesubstrate a
fustarctertia e d les desih Stheprodttamiingd g esistitityitnddrel 5 tios.
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 predetermined resistivities. -15- CLAIMS: 1. A method of providing
a substrate coating having a predetermined resistivity, 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 stopping the
coating step when the ta-C substrate coating has the
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10 predetermined resistivity. 2. The method of claim 1 wherein the
predetermined resistivity is 1 05-1090cm. 3. The method of claim 1 or 2
wherein the predetermined resistivity is about 15 1060cm. 4. The method
of any preceding claim wherein the coating is 5-80nm in thickness. 20 5.
The method of any preceding claim wherein the coating is 20-50nm in
thickness. 6. The method of any precé&ging claim wherein the substrate is
biased during the deposition step. 25 7. The method of claim 6 wherein
¢hasspbstrate is biased in the range from -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
Istopping@bedrs afterdb o 300iaecoRdsipsingses bom:ths siat.ofhe
cBIAsRR§RatAL,StEP. -16- 10. The method of any preceding claim wherel ’
the deposition step is carried out by apparatus in communication with the
chanfigY'dhe %ﬁlﬂg?é{ﬂig Eobspriingl ancarsonutagetranea power source
for supplyingapemeiioheangeieddmihe method of claim 10 wherein
the d 10 Is.also, carried out by a second apparatus in
comrﬁﬁg%gﬁgnﬁﬁﬁﬁﬁh% et SHBEWAS SIS edmthsigta
CoRkRg f%ﬂ‘@et and a power source for supplying power to the metal target,

wheretspfie ncsLbsyslecoRthaRAMPISas, MAlLPIAYIded by 2 plasma
p,féggg lilgnqnmgtrglsita}r\g?t. 10 12. The method of any prece n’?g Slaim wherein
the chamber 15 evacuated prior to

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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the deposition step, and the substrate is cleaned in the vacuum chamber
after the chamber is evacuated and prior to the deposition step. 15 13.
The method of any of claims 10 to 12 wherein 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. 14. The-nethod of any of claims 10 to 13
wherein the apparatus is a filtered 20 cathodic vacuum arc apparatus. 15.
The metbac efoany afy?léig&éiggt%z%ﬁn%%%ﬂ%Qe"?jtélﬁgé‘fﬁiorhgsﬂe?%? AMfed out
69% vacyum chamber to form a coating on the substrate whic sa
comipound of the' §ad SRR Yh J8e & iapihe m iR Gt alaimr OB ReisIT@ ncarbon
‘tecyands: ormevef mitiogehy algetyianpoesiao My/gagetnethane, and

ethene (ethylene). 17. The method of any preceding claim wherein the
1s#bstrrate is one of or a 30 portion or component of: a fingerprint sensor;

an eldFSRRMERAg R Ralingherciabe seaesitivn siepuiit; abemarierhediy a
j@@m memetys@@hﬁﬁﬁﬂﬁp@_ﬁ@ﬂjﬁ?h@Fﬁ?ﬁ%i@%@?ﬁkﬁgﬁé%ﬁs

-0f 2 itting diode. -17- 18. A substrate comprising a

A Vst 6P 108 D Co
Rigsbrdte 8Nt Tenisisingalitg-Cuvating hetingpayideddipryineths
irgsigiiviteefl 106ecm. 20. A ta-C coating for a substrate, the coating

having a predetermined resistivity of 105-109f2cm. 10 21. The ta-C

coating of claim 20 having a predetermined resistivity of 1060cm. 22. The
18y bsﬁgwibrafmfmbp@,edme!mwngmirctam%@mws wheieiethsrior to
treoasingsisoprosleshybe methedotany of ¢aims, 104 olnd3;, alter the

atus for providing a.coating of ta-C on a substrate, the apparatus
chIRAF VAL RIRY GRS prior to th% deposition step. PP

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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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 20
stopping the plasma creating means when the ta-C substrate. coating has
a predetermined resistivity. 24. The apparatus of claim 23 wherein the
predetermined resistivity is 105- 1090in. 25 25. The apparatus of claim
23 or 24 wherein the predetermined resistivity is about 1 u6flcm. 26. The
BRPATALISOf /Y-8 ' ( in the control means is 30 . .

&9 qug red to stop E%ﬂrﬁﬁgr%};&e%%@ %gg\ﬁ&ﬁgﬁeiﬁ}e{%@éﬁ% Faale
in thicki8ss. -18- 27.. The apparatus of any of claims 23 to 26 wherein
the control means is configured to stop the plasma creating means when
he contingis.20- i %ickness..S 28, The apparatus of any of claims
s o T e T AU FPH Y B Aiaiamned
R b@a@tﬁﬁ-creating means is actuated. 29. The apparatus of claim

28 wherein the substrate biasing means is configured to bias the
ggybsggqtgg(ip .range from -1 OOV to -3000 V. 10 30. The apparatus Qf' '
cjaim 28 wh0§;§fﬁ E%rs‘?u %Ersgt%t%i5@?n‘ﬁ’ﬂﬁ‘@ﬁﬁ?¥é“éb?1f?@‘?ﬁ@@ffﬁ”ﬁﬁﬁ‘sf fgistivity of
1dupsttain the range from -500V to -i 500V. 31. The apparatus of any of

claims 23 to 30 wherein the plasma creating means is 15 a filtered

2r,:athqg‘ic vacuum arc a}p aratus, 20
- € ta- coating of ‘cfainy 20 having a predetermined resistivity of 10°Qcm.

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.



25 30 A METHOD AND APPARATUS FOR PROVIDING A
SUBSTRATE COATING HAVING A PREDETERMINED RESISTIVITY,
AND USES THEREFOR ABSTRACT A method and apparatus for
providing 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
depositing ions of the plasma on the sul:gshraa:[e to form a ta-C substrate
coating. The coating step is stopped whenthe ta-C substrate coating has
the predetermined resistivity. The predetermined resistivity is
10fefr]-10[esrferderivsanic: preferédipabdut 26[eri@omhEhe rsubskatls is
masbhegpiasad duinahemeinod aadiaAdidng, e pirdelesmingd, i,
restﬁggg{g. STh(—:f coating may be employed to reduce the ris o?, or prevent
electrostatic discharge to or from the substrate, or to provide a seed layer
to improve adhesion between the substrate a further coating. Also

5 desgribedase, Goatingso Mg BISARISAMINGY reristivities; [Figure 1] i g means
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for biasing the substrate when the plasma creating means is actuated.

29.  The apparatus of claim 28 wherein the substrate biasing mééns 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.





