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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
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 cbating having a
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Preferably, the predetermined resistivity is 10°-10°Qcm, ranging between an insulator
and a conductor. Also preferably, the predetermined resistivity is 2 x 10° to 107Qcm,
or 4 x 10°to 5 x 10°Qcm. More preferably the predetermined resistivity is about
10%Qcm. The coating step is stopped when the ta-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
of achieving the predetermined resistivity.

Preferably, the time duration of the deposition is 50s to 300s.
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step of introducing a gas into the vacuum

Preferably, the depositior 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
0.05mTorr to 1.0mTorr, and more preferably'O.ZmTorr 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;
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Preferably, the apparatus also comprises substrate biasing means for biasing the
substrate when the plasma creating means is actuated. Preferably, the substrate
biasing 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.

According to another aspect of the invention there is provided a substrate comprising
ata-C coating having a predetermined resistivity of 105-10°Qem. Also preferably, the
predetermined resistivity is 2 x 10° to 107Qcm, or 4 x 10° to 5 x 10%0cm. More
preferably the predetermined resistivity is about 10°Qcm.
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(OLED) display conprising a plurality of stacked
| %%cr)r%'mgt tgeanloﬁ'}/eer:raépect of the present invention 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 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 second polymer layer.

Advantageously, the OLED is flexible, compared to glass 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
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coating having a predeterm ned reési
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 predetermined resistivity is 10°-
10°Qcm, and more preferably about 10%Qcm. Also preferably, the predetermined
resistivity is 2 x 10° to 10’Qcm, or 4 x 10° to 5 x 10°Qcm. More preferably the
predetermined resistivity is about 10°Qcm.

According to another aspect of the invention 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:

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.
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res 1 and 2 are schematic diagranms illustrating an
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20 COLED incorporating an enbodi nrent of the present

| ReRIMIhG o 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 ta-C, or a ta-C compound as discussed above, being about 30nm
in thickness. The predetermined resistivity of the coating is approximately 10°Qcm.

The inventive coating can be used in several applications which may generally be
described as antistatic discharge (ASD) coatings, 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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ihetprefegredimated wilknow rbeoteeamnamgwmaefsmbse teeFigures 1 and
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nmber 14 and vacuum c arrber
(q%ﬁ@ugesm 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
colfectton 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 24a/b is moved through the opening 22 in to the
cleaning chamber 14. The ion beam source 16 is 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 plasma of the graphite target, such that




and the subchanmbers 18, 20 are in communication with

each other via narrow openings 22 which are sized to

al  ow passage of the substrate therethrough. 20 Steps

of the preferred nmethod will now be described with
reference to Figures 1 and 2, where |ike reference
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substrate 24a,b into the coating chanber 11. The

12 is then actuated to provide a plasma of the
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strate surface as to-C tine interva
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the coati ng process, bstrate i s bias
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substrate, the desired resistivity of the 5 coating
can be achieved with greater accuracy than known
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¢ EanhRRicellof 418 e oba PP 1T, Fifto3ided st brang metali
2®nsCequovdp agdstlanhtoeihg Favingnd t=of/nsathilit tainposiabl. 24a

or nunber of substrate units 24b have been coated, the
i on beam source 16 and FCVA are de-actuated and air is

i e dtecteds hanteofouhe tHaD tiedhsubatrase ddatlh@‘l’eémﬁhgw&ﬁhﬁé"ﬂ%férred
ure insjide the chanbers

1 Wen t he ess 11
Rl D oL ST ehE S NS BN AE PR EYeH antr-stati
t dischzogd (ABD) 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 10°Qcm +5%. This level of tolerance is hot possible using known
"wet" coat methods. Results of other standard tests have shown that the tribocharge
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




substrate(s) 24a/b are then renoved fromthe

coll ection subchanber 20. In the enbodi nent

illustrated in Figure 1, the substrate 24a is noved

through the 15 chanbers and subchambers by driving

rollers 26, whereas in the enbodinent illustrated in
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The inventors have found that the substrate coating

__resulting fromthe preferred nethod has surprisingly
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coating at 1000V is <1 V, and the static decay is 0.4s

for. 10% cutoff at 1000V. Furthernore, integrity

t ﬁ‘éwrﬁ& ﬁlé%raé%m epthepingsns of the inveyitios e@ﬁplwed ) @l@ﬁ&lD coating. A
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coatings tend lose I ntegrit
aweﬂyerﬁloﬁﬁmngqer@’mtlﬂepqsqg'ig)rmtthgmrqﬁerrgq mqtboqbgbihe present invention.

| aﬁ?@?lﬂ@@fﬁﬂﬁ?geﬁﬁr 3@99 bh&gallﬁre%rﬁhie gAt %&%ﬂ{‘r@({kghg haying an active

- 20

25

30

the coating o e err
r éfrﬁlﬂ Fepta porfaca ﬂ"@S&;ﬁMﬁ?IChldG(EFIa$ threetostth weh ysérr‘agﬁnger and scans the
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Re coa Ing 1's a
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LSS 5 S0 e AP S0 SE R RER L A5 42 otweer
t émpda padsudtandlah epoxy snalid 46 edertthe hiecbande @t i M@ touch surface of
30 B o BB St B0 SR SO S ity nee o
prasistisity oft 310 PAgni Theeefok, inyrastidey tief usdrefteH *@i%chaﬁg%s static
o%l gt%‘?y rrom tPrerrtfrngeerC t%arfvhgrgto%%ﬁl?\gstﬁe gét?veaclrrcgirt %g If%le E%D 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.



10 coating process. In an alternative enbodi nent, a

f eedback sensing device is provided during the

coating process to neasure the.rigsistivity of the

coating, such that the coating process can be stopped

when the coating reaches the predeterm ned
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32 S@ﬁeltlmgdaphwlpﬁaele resistivity of about 106f2cmi s
provided on a conventional fingerprint sensor 30 by
the preferred nmethod of the present invention. The
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present invention to the surface of the sensor, the
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t the avatit) twbé¢ useH 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, Zn0O) deposited on a surface of the first glass layer, an organic OLED
polymer, 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 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




52, or wire bonding will not be achieved. Therefore, a

phot oresi st elenent 54 is placed on the bondi ng pad

50 prior to applying the substr@ge coating 52. Figure

4A 10 illustrates the active circuit 48 with applied

ta-C coating 52 and photoresist el enent 54 between
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2 A4 REGUEEEEE SRl AL ihpybe, exPosed during the

ta-C Coatl process fter coatlng, the nmask is
renoved to reveal non- coat ed exposed portlons Fi gures
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a_syface of the first glass an or
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l @tlbér' thfersin 6I=Herr%§tpe"r @éﬁ\?érﬁlﬁn' are: :f?ﬁ rﬁ%r% Q{)LIE?:thslpr?\er layer 64, and

pl acement of the glass 1ayer
t Par%i,}ga‘iféﬁt I éﬂls;/ ﬁmb@dlnwﬁha saeonshipglyraebayertie theHowe\os i, second
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[monto th ayer can be 18l AtTve
rrust be | ower when depositing onto the poI ycar bonat e
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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 method. The additional ta-
C layers 70, 72, can reduce H,O permeation from about 30gmday™' to < 10gm2day’
!, when applied at a thickness of about 50A, and to < 0.6gm™?day! when applied at a
thickness of about 2000A. Permeation 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 layer applied thereto.
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20k0 and resistivity is >10100cm 5 Al so,

pol ycarbonate is perneable to air and water. The
perneability of polycarbonate-ngans the operational

life of an OLED structure wi th polycarbonate is Iess

than one day, due to oxidation of the Ca |ayer by air

and/ or water passing through the pol ycarbonate and

ot lagr
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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
depanring 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 depositing ions of the plasma on the substrate

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




magni tude by using a nulti-alternate |ayered thin

pol ycarbonate/ta-C substrate in place of a single

pol ycarbonate | ayer with singleqya-C |ayer applied

thereto. -13 As will be apparent fromthe above OLED
exanpl e, the present invention has many potentia

us 9’49 " Qovw exrd|paglerattioahondrt 0%ecrad hs solbstkeé weghaBadd during the
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Al |l ayer and the polyner to 1 np esion o
....the A _when deposited onto the polymer. Sinmilarly,

touch...screen. panels conprise.a.top.nost..polyner. | ayer
with a transparent el ectrode [ayer 10 thereon. A ta-C
| ayer may be provided in accordance with the present

i nvention between the electrode |ayer and the pol yner
to i nprove adhesion. As will also be understood by the
skill ed addressee, the invention may be further
applied to other uses. For exanple, the reader arm and
head of a hard disk drive 15 apparatus can be coated
as descri bed above in reference to Figure 2 to prevent
ESD fromthe reader arm head to the hard disk. Also,
tray and hol ders used in production and transport of
silicon wafers can be coated according to the
preferred method of the invention to provide a
coating with a resistivity of 106 to 108f2cm This
renoves the need for carbon fillets which are
presently used to reduce the risk of ESD 20 between
the tray and hol ders, and the silicon wafers. Renoving
the need for carbon fillets has the added advant age
of reducing risk of carbon contam nation fromthe
fillets on the wafers. Wiile the invention has been
described in reference to its preferred enbodi nents,

it 25 is to be understood that the words which have
been used are words of description rather than
limtation and that changes may be nmade to the

i nvention without departing fromits scope as defined
by the appended clains. As a sunmary, the nethod and
apparatus of the present invention provides a 30
substrate coating having a predeterm.ned resistivity -
i s described. The nethod



_the subgpitinges

conprises the steps of providing a substrate to be

coated in a vacuum chanber, creating a plasm in the
chanber, and depositing ions oftdhe plasma on the

substrate to forma ta-C substrate coating. The

co&tl_: ng step is stopped when the ta-C substrate
cokdiMM¥Shas t he predeterm ned resistivity. The

predeterm ned resistivity is -14 105-1010Ucm and

preferably about 106Qcm_ The substrate nmay be biased

duili ng Ametherbefrpyavidiog ai suibstrateraviatingnavitg hipeedetermined resistivity,

pr 1] esi.stivity. The coating may be
enp%ég%ﬁ@ g]%?sé%c%f the risk of, or prevent
el ect r gubwtiing adiubetiate 36 bk @ottediin @athem chdhbkrat e, or

to provide.a seed layer to inprove adhesi on between
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coat i-NgkepdsuhdBbnpoedrt hASH- 15 AoVl $- B Sm-amt A - o
A B B e Sl o B a3 pustrate
haiAatH9a25k edet ermined resistivity, conprising the
st eps . s >t Jo |
acuum SAISEPe oG SRR LEC PRk b fhe
claadetermineg srsigtiviy i ons of the plasma on the
substrate to forma ta-C substrate coating; and
stopping the coating step when the ta-C substrate
céat i nghhasethdrbof dGimpt atieteln theneddeteshipbi védistivitg is Td%e10°Qem.
met hod of claim 1l wherein the predeterm ned
resistivity is 106-1090cm 3. The nethod of claim1 or
2 3wher &he nMditodsiasiainer oF 2 thefdls itisd prébibtermmedresibtivity % about
1ﬁ§é@m 4. The method of any precedi ng clai mwherein
t @8ting is 5-80nmin thickness. 20 5. The nethod
of any preceding clai mwherein the coating is 20-50nm
i/va thickness. 6. The nethod of any preceding claim

er ei iN¢ Aethasfanyreeseding glaiey whatsimtjeranatinglisfo80nmadn
Strigkness.

5. The method of any preceding claim whersin 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 & 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 to 300 seconds has elapsed from the start of the plasma creation step.




25 7. The nmethod of claim6 wherein the substrate is
bi ased in the range from -100V to -3000V. 8. The
met hod of claim6 wherein the sdbstrate is biased in
the range from 30 -500V to -1500V. 9. The net hod of
any, precedi ng claimwherein the step of stopping
occits dPeae %Oft@"mgc%@@@)ﬁlétm whsreint tyegteghobitiomstepds carried out
st t t t

ot P e AR ing Rmogt i el BBy Piging a carbon
caﬁ@FQ@Uaﬂﬂﬁ POWS}F %qnpw by s8ppiping powentocths itargeti th t he
chanber, the apparatus conprising a carbon target and
a power source for supplying power to the target. 5
511 11TheTinetriatiebdodf otdiai 10 waer\ehﬂhéldfépbélﬁbrﬂﬁ%% his8RaffeBRout by a

Iso carried, out ond apparatus 1 n

,co EPPEHY W“tci?"ﬂfﬁé“@ﬁ%‘@ﬁh therdagivesribe apgrndanparatus

powmpﬁsm@azméfsha} et ah%tpowl sau,@@ws\@gw@? § fri— e

%g rpower tothe netal tar
get Ee etuihe iy Ceoistintaeeoating &Dfﬁ@fiﬁﬁﬂ meth! byovidel lysarplasma

frﬁmntthén@éf Larget. 10 12. The nethod of any
precedi ng cl gér% t’\:/nerel n the chanber is evacuated prior

10to the deposition step, and the substrate is cl eaned

he f h chamber is evacuat ed
hé o |%%qy%ﬁ %?gngégel%telhgﬁ iﬁ‘%‘p‘“’hef%'n?%e cﬁﬂggﬁ@§ ﬁg@c%sfted prior to
anfjﬁe @ibpgdslt!tomstenﬂancbthbzsm{saat@ i clebred mahe Qac% fin rc]:ham ber afterthe -
|or to the osition step, and the .
su s?“?"t a? Scdnted g Fift?f?‘h e\éﬁ?ﬁﬁﬂ?'&ﬁ'ﬁﬁbe after
exposure to the plasnma and prior to a step of
14. The net hod of any of

15 re’gj esﬁélﬁ%ﬂg%t%@fhﬁﬂb aifise! Gigpke- whergini the shampeeiseyacuated prior

200 tiad desbistioviatep) Andithe 8RBRFAL Scledhed i He %Jﬂ:ﬂ{jclgmber after
rﬁ%{(Bof clajns 10 to 14 conprising introducin
[

0§ to {heglasma Radmsior t%a stopA éen;r@murﬁ@gdge ph@mber
substrate which is a conpound of the gas and to-C.

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

20  cathodic vacuum arc apparatus.

25

30

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
and 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 is one of or a

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 layer of an organic light emitting diode.




25 16. The nmethod of claim15 wherein the gas is one

of nitrogen, argon, ammoni a, oxygen, nethane, and

et hene (ethylene). 17. The nethed-of any preceding

cl ai mwherein the substrate is one of or a 30 portion

or conponent of: a fingerprint sensor; an electronic
padfageA BHbStRIe sAMERp0S eda-bcedaling diaviogia pretetetmined resistivity of
meghBigdcgi tal menory reader conponent; an integrated
circuit package; or a layer of an organic |ight

emtting diode. -17 18. A substrate conprising a ta-C

coatin avi.n determ ned. resjsfivity of .
10 -'108@%0 bS%@?e ‘%Fia’@u GREINgra 'Qicﬁ’\a&'@ BRVing p srefptermined
5a tesisOvityasftiofiQemavi ng a predetermned resistivity of
106S)cm -20 Ata-C coating for a substrate, the
____..coating having a predetermnned resistivity of . ...
a predet ermi ne-olr?grlfeesfi-ggié |b\§/tf’5t‘t'3g/\T tg? %tf%{g%l@gﬁ]l'ﬁézg.p‘%ﬂ%geWé&l'%s'sm”ty of
substhlaemef claim 18 or 19, or the coating of claim
20 or 21, wherein the coating is provided by the
nmet hod of any of clainms 1 to 17. 15 23. Apparatus for
10 prddvi diThg tarCeeratinggf okin 20 Gavinga mrebsteratned rédistivity of 10%0cm.
apparatus conprising: a vacuum chanber for housi ng
the substrate to be coated; nmeans for creating a
ca@2bonTpé asgstra'\te of bh}itn@ hawbes, orahd cﬁ@tﬁﬁg’ @T‘bclélml Bod B, wherein the
actuating. t meaps fo reati ng the carbon plasng,
and® 'bgr’s%ﬁ‘bv@?cgg%p}?gm?{t?@gﬁl Qgﬁﬁp@f’“@%ﬁ? Hylfreans when
the ta-C substrate coating has a predeterm ned
15 r?éi stivi t%. 2f4. The apparatus of claim23 wherein the
pradet APRATAE TPERIQVIdING 3 Goaling 1f tr-CraraisHbstyste. the apparatus
appmpAsing: of claim23 or 24 wherein the predeterm ned

resistivity is about 106Ccm
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 10°-
- 10°Qom.
25

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

30  configured to stop the plasma creating means when the coating is 5-80nm in
thickness.



26. The apparatus of any of clains 23 to 25 wherein

the control neans is 30 configured to stop the plasma
creating nmeans when the coatingigs 5-80nmin

thi ckness. -18 27. The apparatus of any of clains 23

to 26 wherein the control neans is configured to stop
t he&/pl adh@ aBp@atusmy ane ahslaine a3 ttheb wbatsimthei confol Hoans is
in M nar of .. cl.ai 3 .
t o (9B R R op e FAERBBTRAS FHlenB pfrety Sl i
t héhighniessr at e when the plasma creating neans is
actuated. 29. The apparatus of claim 28 wherein the
substrate biasing neans is configured to bias the

5suB8t r aTiee appdrasiofB6E of tlaiMs DR\ gom substra® Basing means

Th aratus of claim 28 wherein the substrate
i B MR SuPsirie il e aihsrs ralmarmearsusohistesi n

10

15

20

25

30

the range from.-500V. _to -1500V.. 31. The apparatus of
any of clainms 23 to 30 wherein the plasma creating
neahs i e appagatys of elpisn 28 atenein thessuhsiraicabiasing preaat us configured

320 this PeaBbiratolil o BALG HoRE AR LhBY) di spl ay

conprising a plurality ed | ayers; the layers
including, in order of stacking: a first transparent

mer+ r: a-Loseed.|l ayer havi a . .
oradicr drieBaraagolohl 25 MRSibin e paPtin st mees s configures
f itb roidsethe ispbstrate irgtei rang@frem; —3D0& tor-1800¢. netal | i c
| ayers; and a second polyner layer. 25 33. The OLED
di splay of claim 32 wherein the predeterm ned

r ei. st MhetapphmtdDEF anlQ8 daams 2340 35%5%&5%@b%§k@¥cr@£ting means is
in

Claafil{grg’c? cgtkogig V\QQL?JIT? arc ;gp?ar:t-:\t%_s.c layer 1s 10°

32.  An organic light emitting diode (OLED) display comprising a piurality 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 fayer;

an organic layer;

one or more metallic layers; and

a second polymer layer.

33.  The OLED display of claim 32 wherein the predetermined resistivity is 10°-
10°Qcm.

34.  The OLED display of claim 32 or 33 wherein the ta-C layer is 10-50A in
thickness.

35.  The OLED display of any of claims 32 to 34 wherein the first polymer layer is
polycarbonate.




30 thickness. 35. The COLED display of any of clains 32

to 34 wherein the first polyner layer is

pol ycarbonate. -19 36. The OLEDjgisplay of any of

claims 32 to 35 wherein the transparent el ectrode

filmlayer is one of ITO or ZnO 37. The OLED di spl ay

of 3@ny he OL&EDdisplay pbargeofidiaimesia? to136 wivezeinrthertmesparent electrode
I ude Ca and Al. 38. The OLED

d| s I%oﬁ%neﬁﬁé&rgﬁ% 32 to 37 conprising as second

to- C—Iayer on a side of the first polyner |ayer

gg@ﬁﬁ.ﬁg QEEE)I ?ﬂq%%nyaﬁf %2%@2{: ,E’,}%tv@tze?@gtlgo% or #%re metallic

5 comgyetsintlgdachhingdyit a- C | ayer on a side of the second
pol yner | ayer opposed to the side adjacent the one or

ore netallic layers. 40. The COLED di splay of claim

The OLED di spl erei
t a2 Gidegf dhe f1r§t m!ymedleuer ¢ppashe tartiereide adjacent tid fict ti-Grayer.
1 to 17. 42. A nethod of providing a substrate coating

substantially as herein described 20 with reference

10 t 03%.he 'ﬁ@d@hﬁlaltﬂyaphi‘ag/ u‘jmwgﬂgmmdaﬁ tA38 goﬁp]gﬁﬂg lartBird ta-C layer on a
su s herejn descri with reference to
Frate Bk Rty R AP E e posed R heickopsisent e one or moro
substatlictlayslrs.y as herein described with reference to
Figures 5 and 6 of the accompanying draw ngs.
40.  The OLED display of claim 38 wherein the second ta-C layer is 20-500A.
15
41.  The OLED display of any of claims 32 to 40 wherein the ta-C layer is provided

by the method of any of claims 1 to 17.

42. A method of providing a substrate coating substantially as herein described
20  with reference to the accompanying drawings.

43.  Ata-C coating substantially as herein described with reference to the

accompanying drawings.

25 44.  An OLED substantially as herein described with reference to Figures 5 and 6
of the accompanying drawings.
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