A METHOD AND APPARATUS FOR PROVI DI NG A SUBSTRATE
COATI NG HAVI NG A PREDETERM NED RESI STI VI TY, AND USES
THEREFOR The present invention relates to a nmethod of
providing a substrate coating having a 5
predetermned resistivity and in particular to

nmet hods and apparatus for providing antistatic

di scharge and/ or seed | ayer coatl ngs on a substrate
surface. As will be understood by the skilled
addressee, the invention is not limted to such uses.
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25 éaslces o parsitive assembly areas, so that staff discharge static electricity into
the grounded mat when entering the assembly area.

Anocther example of ESD prevention includés coating of sensitive components, or
equ:pment for use with sensitive components, with a coating having low resistivity
30 propemes Such coatings are typicaliy applied “wet*, for exampie by spraymg a hqwd
emulision onto the component and alfowing it to dry. Problems assocnated wsth wet
applied eoatings include poor adhesion with.the companent 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 ceatiﬂg having a
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related to the thickness of the coat, an uneven coat
results in the coating having a -2- resistivity of an
undesirable variability. Al so, wet appli'ed coatings
are nost reliable and consistent only when
relatively thickly coated. However, thick coatings
are not desirable in precision engineering, as they
may.-undesi rably alter the outér di mensi-ons of the
coated product. 5 It is an object of at |east one of
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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 10°Qcm

or 4 x 10° to 5 x 10°Qcm. More preferably the predetermined resistivity is about
10°Qem. The coating step is’ stopped when the ta-C substrate coating has the
predetermined resistivity. Preferably the reSIS’uwty is controlled by biasing the
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:asmg the substrate improves the accuracy
of achieving the predetermined resistivity.

‘Preferably, the time duration of the deposition is 50s to 360s.
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30 nore preferably 20-50nm The: step of biasing the
substrate i nproves the accuracy of achieving the
predeterm ned resistivity. Preferably, the tine
duration of the deposition is 50s to 300s. -3-
Paraneters affecting the predeterm ned resistivity

i ncl ude one or nore of the thickness of the coating,
t he anount.. of bias applied to the substrate duri ng
coating, the type and volune of gas present in the
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Preferably, the depositieri apparatus is a filtered cathodic vacuum arc (FCVA)

apparatus.

Preferably, the method comprises the step of introducing a gas inte 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 charaber during deposition is preferably
0.05mTorr to 1‘.OmTorr,‘ and more preferably 0.2mTarr 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;



Al ternatively, the gas may include, or be one of
anmoni a, oxygen, nethane or 30 ethene (ethylene). The
pressure in the chanmber during deposition is
preferably 0.05rrTorr to 1.4 i Ton; and nore
preferably 0.2nTorr to O.8nforr. Preferably, the
substrate is one of or a portion. or,conponent of: a
fingerprint sensor; an electrénic package having an

exposed active CIrCUIt a touch screen. panel; -4-
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. Preferably, the apparatus also comprises substrate biasing means for biasing the

25  substrate when the plasma creating means is actuated. Preferably, the substrate
biasing means is configured to bias the substate at—100V fo —3000V, and more
praferably —5008V to —-1500V. '

o Preférably, the plasma creating means is a filtered cathodic vacuum arc apparatus.
30 | |
According to another aspect of the invention there is prcmded a substrate comprising
a ta-C coating havmg a predetenmined resistivity of 10%10°Qcm. Also preferably, the
predetermined resistivity is 2 x 10° to 1070cm, or 4 x 10% to 5 x 10°Gem. More
preferably the predetenmined. resistivity is about 1050em.
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preferably -500V to -1500V. Preferably, the plasm
creating neans is a filtered cathodic vacuum arc
apparatus. 30 According to another aspect of the
invention there is provided a substrate conprising a
ta-C coating having a predeterm ned resistivity of
105-1 09Ccm Also preferably, the :predeterm ned
resistivity is 2 x 105 to |l OG%ern, or 4 x 105 to 5 x
106STcrn. More preferably the predeterm ned
resistivity is about 1.06ocrrt 5 Preferably, the
substrate conprises a ta-C coating having a
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ta ogtlng for a substrate, the coating having a
predeterm ned resistivity of 105-1090cm Al so
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chanber during the deposition step. Alternativel y

iAls vai E@Gﬁ’cﬁé}lstbéé Qﬁé tér§1 Y3 %dc@az Q‘eﬁf‘upd'd ?lﬂ AR %ég(ﬁlf HD means

3§6§Fcoat|n al so 1 ncl S or
¥ E"ﬁéa@%f@aﬂ*és eafgacoatigewhish Hsy l@{étmeetvtheoaﬂottdm@s of carbon,
bRohetslainbig dr sotnyBlis. | %@othgpcg@!né?\ts%g c&ﬁﬁggﬁﬁiﬁg g‘laty include

anot her ct of the present invention
Tt
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According to another aspect of the present invention there is provided an organic

light em;ttmg diode (OLED) display comprising a plurality of stacked layers, the layers
including, in order of stacking:

a first tran-spaﬁe_nt poiymer layer;

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

an QLED fayer;

one or more metallic layers; and

a second polymer layer.

Advantageously, the OLED is flexible, compared fo glass based OLEDs, and the use

of the ta-C layer improves the adhesion between the polymer fayer and the electrode

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



a transparent electrode filmlayer, an OLED | ayer;.
one or nore netallic layers; and a second pol yner

| ayer. 30 Advantageously, the OLED is flexible,
conpared to gl ass based OLEDs, and the use of the
ta-C layer inproves the adhesi on between the pol ymer

| ayer and the electrode filmlayer- Also

advant ageously, the to-C | ayer6prevents perneati on- of
air or water -6- passing through the polyner |ayer to
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oE’ i%ﬁ%?@? g‘lﬁ‘lt‘dgéréé%?f S?ey’?aytehé’r‘&-'gefﬁ%'&wr% apl Guisduevdnys their
t Redatiove descri bed nmethod aspect. 5 Preferably, the
ta-C layer is 10-50A in thickness. Al so, the
resistivity of the ta-C layer is preferably
1554a90i@ctn.tafor e erialptauideitte pelapaBs dbay@edinfsthod aspect.
5 polycarbonate, the transparent electrode filmlayer

is 10 one of [TO or ZnQO, and the one or nore
nEteiEbly. thayetsaierds d0e08dn trckodlss. Alse0theRbSERIRRE e ta-C fayer
nggﬁmggqumSgquaﬁpnprises a second ta-C | ayer over
the one or nore netallic |ayers, the second ta-C
.layer being 20-500k According to another aspect of "
tHBieirabine ik d ] - Lded. a net hod of providing )

sk aug i, BecL 8 B A58 B0 0L BREN LA e
e BHQ o gr@vand thel anetaromtratrmetaliidisyehaingadé Cacid 410 Miso

phefe sl SineAb EED GBI E O IRsh g, Ehe st eps.of — —
provj.ding a substrate td be EosrR I, é?ﬁ%@ggﬁﬁeoneor"mﬁf
gﬁgﬁlb@?yerér@ﬁtﬁeﬁ@“%tacﬁﬁ%@nbpif‘@sﬁﬁasmoﬂ.t he chamber; and
depositing ions of the plasma on the substrate to

Rorn1a ﬁetrahedral 20 anor phous carbon (ta-C)

STELRE i 2ehes APerhol te inyepHen titese is proddedsinsdthod blyproviding
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deposifing ions of the plasma on the substrate to form a tetrahedral
20  amowmphous carbon (ta-C) substrate g:oating tiaving a predetermined resistivity.

Preferably, the depesition step is stepped when the predetermined resistivity is 10°-
' 169Qem and more préfefab{y about 10%0cm. Also preferably, the predetermined
resistivity is 2 x 10° to 10”Qem, or 4 x 10° to 5.x 10°0cm. More preferably the
25 predetermined resistivity is about 10%0cm.

According to another aspect of the invention there is provided a method of providing
- acoaling on a substrate sa as to improve adhesion of a further coating on the
o substrate, the method comprising the steps of: h
30 providing a substrate to be coated in a vacuum chamber;
creating a c;trbon plasma in the chamber; and
_ depositing ions of the plasma on the substrate to form a tetrahedrat
amorphous carbon (ta-C) substrate coating having a p#edetennined- resistivity.
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25 predeternmined resistivity is about 1060Cem

According to another aspect of the invention there is
provi ded a.nethod of providing a coating on a

substrate so as to i nprove adhesion of a further

coating on the substrate, the nmethod conprising the
steps of: 30 providing a substrate to be coated. in a
vacuum chanber, creating a cafbon plasma in the

chanber, and depositing ions of the plasnma on the
substrate to forma tetrahedral anorphous carbon
(Rrefarpblyibs deaesticodten isgtoppadghen iequedaemimnetresistivity is 10°-
reshstd VARY arefara r , enosi t | step | .
e A proforabl AhELB Yeort D RERIT] Pl b8 Pgadbtcrmined
TO96RAY P 50 B3 el @1Qah, 1 4 0°de os1 @ Nom. dtap praferably the
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prefesphasinenty the ybpioip i @ polygs and thy bpthedcostion ist hemetal or a
RicRaiedRRsHunad Frétably, Wel MiblshafPie lg;h:yl%@ﬁgﬂé alnﬁloﬁ ' Getal
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£OTPARRRT JAE0 WS Altareatirelyo thesubsisat is eongalaid metal
Borebenabbiid tidRBIRSHIA & d Sofkycarbonat e and/or the
metal conpound is ITO or ZnO Alternatively, the '
substrate is a netal or a netal conpound and the

Prutedied efdatiinihtd 6f the PRENER wilkdvbehssd$8dd b way of example
%gyodjnets of the invention will now be descri Bed,

WHS GttersRgrn e agrpppanyingdringsdn sdidhy t he
acconpanyi ng drawi ngs in which: Figures 1 and 2 are
chematic diagrans illustrati.ng an enbodi ment of
‘38‘5‘5%2‘; gy ? 8Feq s%re&ﬂﬁa dRgrame igkRicterbadimagt ¢ffappreatus for
providingi tha sult&rdte gusting o3 thedindBnfidd; ust rat e several uses
of an enbodi nent of the present invention; and
Figures 5 and 6 illustrate expl oded schematic and
mawes 3 todiBpidustrate seversitises oann ezthoiduiht oG RIPEs ifVéntion;
n enbodi ment of _the present invention. Referring to
Figure 1, a preferred enbodi nent of the present
invention is a method of providing a substrate :
5 ' ' ' .resistivity- The .
FERTLS Dy gete READREL MR Y fadnltd o igers of o
U berirasating an embedimebbekthelpetsayt atveationr30nm

Referring fo Figure 1, a prefemred embodiment of the present invention is a method of
pﬁoviding_a substrate coating having a predetermined resistivity. The coating formed

.fro_m the method is ta-C, or ata-C compound as discussed above, being about 30nm

in thickiiess. The predetermined resistivity of the coafing is épprdximately 10%°Qem.

' 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 alse allow it to prévide a
secondary use as a barrier tayer. Examples of the coafing's use as ASD, seed and
basrier layers are described in more detait 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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25 in thickness. The predeterm ned resistivity of the
coating is approximately 106Dcm The inventive
coating can be used in several applications which may
generally be described as antistatic discharge (ASD)
coatings, and as seed layers for inproving adhesion
bet ween adj acent |ayers. Properties of the coating.
also allowit to provide a 30 &econdary use as a

“barrier |ayer. Exanples of the coating' s use as ASD;

arrl a s are described in nore detai
g %’v@p %h 5t "'?tg‘ﬁf @Yﬁéﬁ HEH8 £hameer prlde sammuRiastion avith means

e pre

f B caating diphgme ia s thismbierCin dtd ogm 21T Y §pparatus 12, The

p t esistivity is,perforned in a
R PG e T g oFap isliaet s RaWsE POt (xsupbing povor
otro the taogeti argl whamdter in hhdnnerﬂ@ﬁﬁﬂmiaﬁééﬂn@ﬂt W @? 38 30c how the

t he chamber, in the
FOE R Padnd 3 Rerpibed ity Spbrnie s rpteongtatants
f‘@*‘a@‘mﬂﬂ\@ Nﬂ@@“eegfzasanmmhemnﬁ@pffewneatm&t HifEntI8 Whknged for
and, an. a e conventi onal -
eI Ak i B ndrest PAmatiy Paodiments,

e plerami snaydmguiobiddd by otHee typep bf ﬂ%kaivd%?ﬂ%t%ﬂaa{pparatus
er eas

8@&}?95 €0 Xég r%"n%?%%%ellﬁr?ﬁﬁbs wt%’ﬁ igﬂ%g@y c?r%%rﬂmg@‘n%ﬁe{phagﬁaer 11.

referre
E@\mvgrpp@rmi@sredltb uak FCVbeappadaushoprsfitdtdly daPabitities tg prevent

ARy mepts, . the plasma may be provid
by of Eﬁ'&'&kt\'{sgfﬁcgrg%% b H‘ g&‘QFtr%}‘éﬁEﬁ?cedepom tion
apparatus, such as conventl onal appar atus which is

M’é’l/:!iéﬁug{c%rﬂﬂ{ber )é{sw coméanﬁfi, o 8%%3?%@? \Btl:tlh mfl;lgxggﬁé chamber

it is erred
ta qz_lqaqqqg; @@pﬁ:{gqr|1|4tfo|e@earmg)ﬂ\e\sab§tratd§raaﬂf&e-ﬁﬁf td @éeﬁ&g Thisis

zfdh@i@e@ AT IR ﬁ)nsﬁgé?t]i LalEe b wntﬁ%%l&%%-{ggw\r/laﬁgﬁﬁnpwé 4. Feed

mber "al so conprises, 1 n conmuni
Etftﬁ’a?q"ﬁ‘a'oewahﬁmbq@ 18aincllﬁ@ame ng;oqirwﬂmf ml:énfnﬁfnlcatlon with the

cﬂéeﬁ‘ﬁtﬁj Aniae 18 %ﬁﬁ%@&tﬁn %Pérfnﬁgrel Pldp rﬁ%v%grc Olggel f?%mbers 11, 14

15 achi eved use o
At ﬁ”fmémé'ﬁesa?ﬁ r?@ arh dnpenmydicatioeertiesrthonhdract hamow

-opubiahard ehih e %ﬁ@d 29 af'ﬁfv?‘)&’és%@e RF @1 %_Egtrrzit? Jhefethrough.

conmuni cation with eanr ng
vacuum chanber 11, respectlvely The chanbers 11, 14

Sapd difee slaheha o t h
wé? ather v Qe S Wl A o Aol o SRTURLGRL P Bighy 1 and
AL 'E%&%%&EC%PUW@’% Gﬁ@qt@‘ é{k%pwﬁe rteFiguse g he SGhsBaeps4da is a

foloe heat@fa@fsabn e dIRbdRelcift il pgB RN IR G, Woldl Figure 2

%éo Figures 1 and ) ike'r
U8 2R Ropdlisarele ypliesich g ivtpgrated clreuih 8CH pixakiagas € n

bcﬂﬂﬁzlglﬁeﬁi and 2, the method is continuous, where the substrate 24a,24b is
moved from the feed suhchamber 20 through the chambers 14 and 11 and inte 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 te a pressure of about
1uTorr. Argon is then introduced in to the vacuum chamber 1 1 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 i Is actuated to clean the substrates
24a.b sinface pnor {o moving the substrate 24a.b intc the coating chamber 11. The
FCVA 12 s then actuated to provide a plasma of the graphite target, such that
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flexible material, such as a flexible circuit board,
supplied in roll form and in Figure 2 the substrate
24b is in. discrete units, such as integrated circuit
(1C) packages. in 25 both Figures 1 and 2, the nethod

i s continuous, where the substrate 24a, 24b is noved
fromthe feed subchanber 20 through the chanbers 14

and 11 and into the collectiog_subchamber 20, via

The narrow openings 22. In the nmethod, 'the substrate
24a,b is provided or put into the system 10 at the

£ 6athos ieiseaebhe si@straadutihee ashaBbahs b intddabfodthe coating of
syhehank ted to e of

e Pagsteuos RUALBAATAEN Wb oad N Sedretic
vEéthmmthng m goatiag proesssirie etﬁbstrabaoubsag@@ KbTQ{B(IOV The

T t d t h, t n
fﬂﬁe@&iﬁi&[\é f?eanl ngwclﬁa %ﬁ] %#ﬁ% ﬁﬁeﬁlé 531"9’ pf the
16061*@9 &e0 batastiieved wlte greatdreacsulssy tatneindwn 2dtahdls. Once the

trate 24a,b
S BLOE A SR I oy P Bt
pthg\y:pg@ghcfpingamt &4 thehmmligetapphiubehambgeln, Giden Ibrbaétermmed
eﬁ'ﬁo&ﬁ%@@urbétr%fésm @Q& ot’ Fﬁmﬁgp&t gu%tsﬁat]%%rrlft%gﬁﬁﬁ%v& tPe‘ﬂnecoated, the

etlrremterva coati n
Jon bage spyrcedtansl fTCéW\ o @@Bvxmetedamn!ui:r i5iratdeddfto the

t at
FRERRER 11, IO IR b o WheBiRL b RE T g ppambeors
fiduirt and aubehpmbiens 130 rersheabsnogtheric pleestresiheedated
s864terb 4 ¥a/Bhird J’ﬁ% 5e.ﬁ g@éd fmIAl @Fec?c“ | u%"ﬁ%néié"e}éb

great er ‘accuracy th nown e
coati ng has been applled to the desired thickness,

@ eARSIdims & I@éﬁ’a@d '1§ FRRYES, {h% n%g 2&% %trh%%d through the

chanber 11 to the collection su
Fhaiplers raﬁf’ﬁélac“aa’h‘iﬁ% by griviag b@ltemiz% whsir¢asid aummmmem

mﬁ DS Il Fibere ) ilSsutbha e )
;f%ﬁ% g fG anJ;FCVAE?%ghggﬁggfﬂgfﬁgean g@#ﬁﬁ§mambem

S HPH2 CREOTRYNEPIRTHBPtshown) hykngyar methods.
subchanbers 18, 20. When the pressure inside the
Fha 11, 14 and subchanbers 18, 20 reaches
BeSEish 2eBafiyeaisiitemanh @ SR Ot fwsainel shovmd s
@nentiiestionamtved chaaTg ét’{awg&l 11e ﬁha B%@HQ%W h#fing metallic

ustrated Figure
b B T o o et 2 ks epiepasies. and
subchanbers by driving rollers 26, whereas in the
ure 2, the substrate

TBERIRES b TR eyl cPRismautiren om s protoried

) nmib@chba&)alrpﬂﬂnglﬁ uifdrOpropenieeeticH Hralids AR WIProd¥d ariti-static

dlscﬁarge (Hgb? coatmg 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 resrstswty can

be controfled to be 10°Qcm +5%. This level of teierance is not possible using known
*wet" coat methods. Results of other standard tests have shown that the tribocharge
of the coating at 1000V is <1 V, and the static decay is 0. 4s for 10% cutoff at 1000V.
Furthermere; integrity testing-has shown that the coating is still integral after 30min in
an ultrasonic bath. .In contrast, thin "wel" applied coatings tend to lose integrity after

about imin in an ultrasonic bath, due to poor adhesion when not applied relatively



10

15

20°

25

- 30

In another alternative arrangenent, a second FCVA
source (not shown) is in 20 comrunication with the
coati ng chanber 11,. and provides a plasna havi ng
nmetallic ions, to provide a resultant coating having
ato-Cnetallic conposition. The inventors have found
that the substrate coating resulting fromthe
preferred mnethod has surprisitgly uniform properties

whi ch provide an inproved anti-static 25 di scharge
lied ASD

R 0. R O B bihodrh S ER rejinapiow sross of <

abeRa. relﬁessen;s high deuibityt 6faRe5gEaa, AR Sel@ivel HRthdWindRe1 about
e coatl ngs have

- (ﬁ%e/% uRl ‘f‘%ﬁ"ﬁ% ?%?hgg\'lss‘?ﬂ%g%ﬁm'sasm?at'f@%i?"éE%%ﬁ‘eéi%ﬂer fig of

raemmﬁmaﬂetyyoﬁnumrmmtdtﬁél ik coatiddwrobestdocandt 4Rt shithfmtes
rolled to be 106Qcm 5% This

|S§'\%,!é ptt'lbtél t%))q g'}aag%’?cag%‘egg{%tgtterﬁfi%@%?% usi ng known 30

coat nethods. Results of other standard tests
that the tribo rge he coati.ng at
?ﬁﬁﬁ\?% PR 4 Dokt SRR K e K g H1e 14 s o or more

@@tf@fdoaamQ HeO0Wss, gasrprémnnmmg thé b@GInigtprode@s tthe thad@fude of
integral after 30m.n

BRI, R o R B R tbT ot oot ke v pltred during the
apingguocasat iimgs atemetitecerhivsdimbng e@eddbyciabdring dRiatis
Rl Pg Hd £ASR01EF0RRL By il PR a7 e Coaing, Such

appliredre

- theathermgabiig plreeps edebs etdppadbetibmirtcdadsy &ableésahiavel y

lLatjively. high d
LY rhRES s e B g Reburulerbrodhite”
50GPa. Since the coating is appli ed at arelatively

i—‘ﬁWetfﬂpﬁFﬁéé’ﬁﬁ enbloBimdi B B8 %‘: emggng?ci% a?g arﬁ\% u(goeagtfng. A

e coatl Ng pProcess oes not a
s eelingiZdhavingla nudreeaesietvily af eldomeﬂfiémaisme@ded éniat

éo’ﬁv&%ﬁin%ﬁﬂ@e‘?phﬁ‘é%n@or%% the PFe?éHn{J a]néiho}fl o?[heﬁq Sont mvennon.r

| ess than t one
the lnereyiat S@%ﬁ?"@ﬁé@ bagically ahjegiatedowimit pagchage d;leweg an active

dirb&it SREN UAScOTherddt ARl Ueictd E 1GHR aq}sgas @{Lﬂer and scans the

duration of the coating process are altere
finger fepits Bt; h§rsatr ebewmnleieasssapther aempenentndfdik fm]ﬂrprmt

s@nicﬁ@@hﬁ&&d@ BOBIDrtfReRR J53n eRIcBELASHH Hr'ilbzﬁgn the active
oating process to neasure the resistivit
?"h% GHSR- gtavad plage 38 Hrpyal W@ﬁ:@@,w@mﬂnﬁé 42 betwoen

b&ﬁ@ pR@s410RE ahhokpAlouRd 8% li}%swfr@E ndy SHehRI Bl 8¢S tace of

resistivity as, measured by f eed sensi ng

CoR¢FnEenal {'sgmgm genpory ip H§'ﬂ?‘%(t9é<§“4aﬁi%’968i02@ﬂd wmncalhmas a
rasRieR! SN ETRERY GHeRTor@in PR Ahk Wer diten discharges static

electricity from their ﬁnQer tip when touching the active circuit 34. If the ESD from the
user is great enough, the active circuit a-nd/b-r"e!ectﬁcal 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 stilf has sufficient eonductivily to tegister the touch of the user's finger

through the coating 32 to the active circuit 34.
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ta-C coating 32 having a surface resistivity of about
106cmis provided on a conventional fingerprint
sensor 30 by the preferred nethod of the 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 20ifinger for its print.

For sake of conpleteness ot her conponents of the
onents 35

n e nc ude ve co
LG WPherr B B AP ahPY oAl Btk Chograte poeliparmay bo
34Jse@ P@Bte8birory ERINcthpt tppes SBsxpbivdatgite BREAS, #RIudMA Buch
bapds % tvve%n bond pads 44 and an epoxy noul d z?
over H1 yéjaogﬁds 42. The touch surface of
conventional fi nger print sensors is usually Si 3N,

S a 25 resistivity of
STB T R Bt Brithed ol faufs R ecfiusiautgipror o wire
dberdiag, g@&gslt(ammrm:plﬁ afehe bedstit ihvenloh hﬁ‘? bor?}&eﬁ*ﬂ@ﬁal?xt%oraphy

If the ESD from

34,
BB LU0 1S BF A b el S b o

user
ePder I‘eredvlomilogpdhunbs acbiened.t Baerefohs aiHtE@BisPElement 54 is

PP B oR AN B s Rl BRI b cuS e ot o Fiourc an

e present
tilustiatesithehcleBDircsit 4@itic applan tarteseithg §2yeid gHaRr38st element
y. to register

| t ti
b e L het Co T S o
152 it Bepliedt # Wa Ot saufion i8dsed tolstrip the phibtdredier futn@t&i ﬁilﬁﬁdte

T e T e

&% Erstilts inche welivel gireut #8 beingaioatiidriy the acﬂsstras@asattrﬂg\@ but with

‘ﬂiesn%rﬁyn FoandbAieg. 4A and 4B illustrate a
met hod coating an active circuit 48 prior to wire

bonding, using the principles of the present

lfﬂé(r@ﬁﬁérﬁ:ﬁhv'e%n%nﬁ@rﬂ%@nme% iphds Ag% i?lpg%ogpcag 0 be u%%g with

%hls exa hd | ng p cannot be cove
e ‘&’e@f t“Pﬂ fpehgiuesy \m?fél masidis pepvidead lntaqtreﬂetennmed

sivdpea @8ver PedeRbAtiged @ecﬁbﬁ’é gﬁ.@ﬁ LS WirB bR E)tadé)d'of tﬁ% active circuit,

@{%/ ced on the bonding rior to appl
e 'é‘tcé"’%rsﬁtsﬁﬁf@”ﬁéo bﬁuege?@ ring the taugppaurespmh@ss After

a@ctihy ahé ok id refifovall i redBRI do?’\dcda?eocé Egmgé and
phot oresi st el ement 54 between the oat|

t he bondi ng pad 50. Once the ta-C substrate coatl ng
FE'@er§ 52ppale ifehtrate NRGkbASGVE ol the #SRALLP réiétfddég ol?famc light

r 54 and substrate coating portion
B8k DLER AReabrtiars theesiviyaopsueithacodiignlious
tI’lr'e; gmtitaglthe used as a seed layer to provide improved adhesion between two
layers having very different resistance properties. Conventional OLEDs comptise
several adjacent Iayérs, including (in order) a first glass layer, a transparent electrode
film (eg ITO, Zn0) deposited on a surface of the first glass layer, an organic OLED
polymer, Ca and Al, and a second glass layer. As glass is britlle, current research is
exploring the replacement of the glass layer with flexible, transparent polyﬁiers such
as poiycarbonate However, whereas the temperature when depositing the electrode
film onto the glass layer can be relailvely 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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this results in the active circuit 48 being coated by

the substrate coating 52, but with 15 the bondi ng

pad 50 bei ng exposed. In an alternative arrangenent,

the principles of the invention can also be used with
known netal masking techniques. A netal mask is

provided in a predeterm ned shape to cover

predet erm ned sections (such-gs-wire bond pads) of

the active circuit, 20 allow ng uncovered sections to

be ex osed during the ta-C coating process. After

C'a)%ft ﬁtwet fee Wffgfa" fesisiagfB wé Hhe Relycatoahten dtplpmaiedite resistance

e pesatl et |o@ﬁﬁfgmﬁlc@%@§er5hﬁ‘ﬂ@la§of’d %éés\twﬁérteqhg Pes:stance of

alternatlve use for the invention ating to org

1! aﬁ is a@%opmqtfay 4P aed (ﬂ@_@)stemcgqu aglgcarhprrte ist :km:roxtmately
rERCSAres iy ePefd'neRf the coating allows 25 the
coating to be used as a seed |ayer to provide

i mproved adhesi on between two | ayers having very

d!u&f PoBAbARE H FHHERAPLIS %trtan%smaté}o %%'H gﬂ@éﬂm t?o?DS

several adjacent |ayers, inclu

r.se
%?Toaatﬁf?%ﬁ"sg'r%@%erﬁw !'feaoftané?is‘%iaﬁmure |vet@tp=o@ebarbonate is
ﬁedsnfh&re&d d&), déatd oaenRaids etk en la%'ensiﬁ ERGRqaf w%:%? passing

}ﬂlrst | ass | ayer, an organic D ‘pol yner,
touglp e po @%@ﬁaat@aag@me&mersm glass is brittle,

current research is 30 exploring the replacenent of
transparent pol yners,

&Et% ss. layer with flexible,
Eﬁ '@9 %E'&F%ﬁ%ﬂwgvﬁﬁe‘i@d Vihiépidad tater 58 is provided,
tz:angp er&htblhed ubenibee RBSV, ibaBvddiea Fbr?@drﬁ&% ia(/b.l 58 8@& n

At BBy 6 oy et Blckiees ofdhe bk b 4 3/ 80A, and the

desposition (ptaratmetaé\(ﬁlﬁaﬁb,)eta)f ér@Qionfrblﬁadth |pY&ﬁfebé3§@éc?Iager coating on
0] e carb

t fil
0S54 P A B i DM
(b@bﬁettldeedtﬂm@ th@ rd%uajjhityr @?Ihéba%ﬁrbeﬁatbh@er 60 to behvca]en 10° and
a ar bon e r.es ance IS severa
R AP BN, Tne ETeL PRl R il R e sistron fer 62
ch@r lnpers sin andre aafper gbrasatios, apmn@cg;m GLED%)Q@nﬂﬁda d?®4, and
nat I mat e
CEAEARRE B Bhip OSBRI oo SRR oy et s & paoond

resistivity 1s
pgb‘pﬁ@abat@ layer 8Biis &rﬁﬁemmdedﬂieth@%mbu kdyey 6®f
pol ycarbonate neans the operational life of an OLED
structure with polycarbonate is 1ess than one day,
The éirst -G layratBdnssie addedCadyaaane dfye(mcrngaﬁdfaéﬂndﬁﬁlﬂf( through

- tRASHAbonh il BYABd BGhE BN RS i nqel?( 135 tlmesy Wi atso

- 25

30

preferable, as illustrated 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 polycarhonate layer 60 and the outer surface of the second

pdliycarbonate 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 30gm2day™? to < 10gm’day
!, when applied at a thickness of about 504, and‘t’o < 0.6gm™day™ when applied at a
thickiness of about 2600A. Pérmeaticn can be- further reduced by several orders of

- magnitude by using a multi-altetate tayered thin palycarbonate/ta-C substrate in

place of a single polycarb'onate layer with single ta-C layer applied thereto.
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10 In the enbodinent illustrated in Figures 5 and 6,
a first ta-C layer 58 is provided, wusing the nethod
descri bed above, between a polycarbonate | ayer 60 and
an transparent electrode |ayer 62. The thickness of
the ta-C layer 58 is 30-50A, and the deposition
paraneters (biasing, etc) are controlled to provide a
seed |l ayer coating on 15 the-pal-ycarbonate | ayer
having a resistivity of between 106 and 109Qcm_ This
has the effect of reducing the resistivity of the
pol ycarbonate | ayer 60 to. between 106 and 109Ccm
ahsl MffhfSap)pﬁadSrﬂ\f@&] thaeabadh eR iEQ e Mintdis, P S BRSRAEDE has many

‘ﬁ t?u a er %l Q her layers, in order as per

ONVER 3% 25T aeghiayryedherase E‘éhﬁw'}/h‘éfwepamfai@@d reofydner
I@era mdeldaﬁSs:tid@mtel’Hl §n©rﬁﬁ&dk§6ﬂb@!wﬁe|§e&i o5 RAL YRl

second 20 pol ycarbonate | ayer

h
e R A At Ay B g gBmmioyec i

fd r@bctiva-ﬁ@!ziy@y Riimbdialedsthbiderld et 1.2d Y@é? f provided in
ra%ggl%l nge Eh tﬁe rmeat%l li t t hrough the car onat e
I“ayer o terresetaver ‘U}/b%‘ﬁ’ﬁ%m%ﬂ@% aBGOhQ Peleser lo

Iifhprcﬁfe dhes adhgsicef &frtiad hPwh@$ dépdsited bl | EQ: yiied Uéﬁmény touch
38 urthe‘:'% reduce the perneability of the outer
oIy car DoRSPEPIES 81'9P B HROYHeprEe b %@‘(‘ﬁmﬂ?féﬁ@dmde layer
tﬂﬁre@h t ﬂ{f@d layermsay il proRideyd @i adddedanll Lk /Y [)Fe%ﬁﬁt iRfention
BQ nt 2! R Jﬁae/é:a]r bonatde Iayg{ 60 and the ou

ace of RSB PEPYYTIB M BECoYeFEesEB. The
second and third ta-C layers 70, 72 can be. thicker

first ta-C.|ayer 58, and are provided in
ARE bl Bo LntSis Bt b Lo o Bfe; Lo hiambpari,
.—mueam ath@r psev i B dxacpty, dhen@aﬂer drivear IRdLf d1@0hard disk drive
can

C rs 70, 712,
5%5(?'?& S EI% 8(6 grggr{ggt | ocﬁes‘;nbel%s egtg)gﬁ %rﬁp%gyﬁgvrg 24e prevent ESD
1@y the pddpt aimvihead wpthkihad! ditk.aAlshi mig’kﬁﬁﬁhtﬂﬁerab@él& in production

Mrar%ﬁgnhgaf%ﬁl \ﬁl @?éj@é/ !i)%ﬂ gr%g«% 8 cor& ﬂ?? g‘e ng’ﬂ'&g a?%@od of

of about er mea
e fweationtodupydeh contiomivithy deesistivitg oh g0%to 1 OBQcm This removes

t f
tg H;%CE g{rgﬁfﬂr?])hqgsg%@{@?arter}g? o0 ng%g{i poR e Hg‘?‘l g—te r‘ﬁkfﬂ/ ESD
befwepndtha dray ang-holdess.anddhbe ISllle@h Wh@rset Beme\liag thisnasidl fbr carbon

filkSts ARH A RLese
i nvent i oeﬁgt?]diJ%vﬁb Sg)?g%(ﬁ al éfggsfgg@mg Cgé@@' %&5’8 rci"bthe
ﬁ“‘?’-fﬁPB Wafeesi on between netal and pol ymer |ayers

when depositing nmetal onto plastics or polyners at
J.00m and simlar 5 tenperatures. For exanple, DVDs

ilg- ﬂ@ﬂgvggm h%seb%\eq dgscriped tnp@fqmme thaty @refarredh enibodiments, it

is to be understood: that the words which have been used are words of descnpnon

- 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

substrate coating having a predefermined resistivity is described. The method
comprises the steps of providing a substrate to be coatedin a vacuum chamber,
creating a plasma in the charnber, and depaositing 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 resisﬁvity. Th‘e_ predetermined resistivity is



a reflective Al layer inmedi ately therebelow. A ta-C
| ayer nmay be provided in accordance with the present
i nvention between the Al layer and the polymer to
i mprove the adhesion of the Al when deposited onto
the polyner. Simlarly, touch screen panels conprise
a top nost polynmer |layer with a transparent el ectrode
| ayer 10 thereon. A ta-C |ayerjgmay be provided in
accordance with the presen?”ThVention bet ween t he
el ectrode |ayer and the mer to inprove adhesion.
f\éhy T Qensayiderefardely gbmidi cthh@hs kmﬂadtnexnb ?ﬁq bedffRd during the
er . uses.
e L A bl BEe P R R a) ” 1RR JP T By e
dPW@Y%thfﬁgamth@srlat(axﬁ, Werewat elelctmtadmnsdwbeﬁa tal@Vem the
I Bl r L, QLK ESD om t
e P ar s 4R et & RPER U ppl e B subsiare =
hgriher eatisadAlse Qﬂsgmmﬁar@ oatigd heviag ppeataterofinad lelsRavities.
waf ers can be coated according to the preferred
nmet hod of the invention to provide a coating with a
resistivity of 106 to 108Qxm 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
thé silicon wafers. Renoving.the need for carbon
fillets has the added advantage of reducing risk of
carbon contamnation fromthe fillets on the wafers.
VWil e the invention has been. described in reference
toits preferred enbodinents, it 25 is to be
under st ood that the words whi ch have been used are
~words of description rather than limtation and that
changes may be nmade to the invention w thout
departing fromits 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 predeterm ned resistivity is described.. The
nmet hod conprises the steps of providing a
substrate.to be coated in a vacuum chanber
creating a plasma in the chanber, and depositing ions
- of the plasma on the substrate to form a ta-C
substrate coating. The coating step is stopped when
theta-C substrate coating has the predeternined
resistivity. The predeterm ned resistivity is -14-
105-i 070Dcm and preferably about tO Qm_ The
substrate may be biased during the nethod to aid in
arriving at the predeterm ned reS|st|V|ty The
coati-ng may be



enpl oyed to reduce the risk of, or prevent

el ectrostatic discharge to or fromthe substrate, or

to provide a seed layer to i nprove adhesi on between

the substrate a 5 further coating. Al so described are

coatings having predeterningg resistivities. 15

CLAIMS: 1. An organic light emtting diode (OLED)

di splay conprising a plurality of Stacked |Iayers,
ctAmg: ayers including, in order of stacking: a first

transparent polyner |layer; a ta-C seed |ayer having a
1. pAe degeioTiighe thniiging Stivds (QLED R displanspaipesihg el pritdiader stacked
lajerb,rthé Byes inchudingl Biaortier df 8ygekingone or nore netallic

| ay ex first teamdparantgedyensd lgyet,ymer | ayer. 2. The OLED

di spd @yC ededabyar rating\h eraictertrivedpesstathgr m ned

I esisstranspargni dect®Be iBO@yen, 3. The OLED di spl ay of

cl aiandrganic leye&i m 2 wherein the ta-C layer is 10-50A

i n tdmeck messmetallic [dHlees; B&ED di spl ay of any of clains 1

t 0 3 sdvenepolymérgayarr st pol ymer | ayer is

pol ycarbonate. 5. The OLED di splay of any of clains 1

to 4 wherein the transparent electrode filmlayer s
2.dgihe QﬁED digplayrof Zisdn TevheTdie te EBdetespined reaibtiviltys 3°-10°0Qcm.

claims. 1 to 5 wherein the one or nore netallic |ayers

|TrH‘éIQkf@ diaplanef daim tor cgie Dyvberel hp kel laer intP-8AA in thickness.

clainms 1 to 6 conprising a second ta-C |ayer on a

4.sThre QUED diselay i <rfs@nsp@f s| hyter3 ofededhe dirgt heolynelelayer is
PORGPEROBRIE- t he fir st ta C layer. 8. The OLED dlsplay of

any of claims 1 to nQr|S|n athird ta-C
5d hgucg\‘f%féism%of %éﬁﬁlﬁ“fﬁ% MrWhea%Fhedﬁ@ae%an&%ewée fim tayer
‘SQP%B SR the one or nore netallic layers. 9. The

n the cond ta-Cla
% a(? By G 3R S O Py RSB D 75 B8 mEtG layers
'n? Iay of any of t he preced!ng cl ai ns
r.OVi

i gﬁﬁcg ighad %ﬂa:afﬁfgi e (E?g' S@gm,;g? ?aﬁ?éﬁggg*%" g e el

8. The OLED display of any of claims 1 to 7 comprising a third ta-C layer on a side of the
second pelymer layer opposed to the side adjacent the one or more metailic layers.

9. The OLED display of claim 7 wherein the second ta-C layer is 20-500A.

10. An organic light emitting diode (OLED) display of any of the preceding claims
wherein the ta-C seed layer is provided by a method comprising the steps of;

providing an OLED substrate to be coated in a vacuum chamber;

creating a carbon plasma in the chamber;

depositing ions of the plasma on the OLED substrate to form the ta-C seed layer;
and

stopping the coating step when the ta-C seed layer has a predetermined
resistivity.



creating a carbon plasma in the chanber, depositing

ions of the plasma on the OLED substrate to formthe

ta-C seed layer, and stopping the coating step when

the to-C seed | ayer has a predetermned resistivity.

A METHOD AND APPARATUS FOR_RROVI DI NG A SUBSTRATE

COATI NG HAVI NG A PREDETERM NED RESI STI VI TY, AND USES

THEREOF ABSTRACT A nethod and apparatus for
A METMOUOIi ANDARRARATAS FOFORRONIDINGVA IS BS TRATECC OATING HAVING
A PREDHTERMINEDSREBSISTIVIDEANDT NSBSETHEREOBNPr i ses t he

steps of providing a substrate to be coated in a

vacuum chanber, creating a plasma in the chanber, and
AB&GPBSITti ng ions of the plasma on the substrate to

forma ta-C substrate coating. The coating step is

st opped when the ta-C substrate coating has the
A metiwdt ardriapparatussios torwviding aTsubstrpleedsting hianied a predetermined
resisdigitysipidgiserjoeids THe] methpd copeiisel thepieps vf paniding a substrate to be
cogiee frea ap¢uunaplamberocrpeling)q plesanin theechambst ead depaesiting ions of
thep plaging st theusilisgratente 1eEm Ho dr-Eosulistiatencagting.vi g epating step is
3t°|9P%‘Hé’¥'@“ﬁfh?€§ﬁ‘9@§'i’ rpSgi p%tinghléas éi@fhtpir%t egeresistivity. The
pr@ﬁfﬂnasmgg r@%:stwgﬂ isc’t1Re Qqng, l@ngﬂrefgqab}yreg\tpgm } Qcm. Tf_me_sybstrate
may|hedtidseetdiring thn Seiad deaiddn griving b the predelgpaingdiesistivily. The
coating Sy beiemplayed do regdyee “ieor'slkrﬁfr BRIEHRIN SlgclRsiplia Yiedgrae to or
frompe syufisdfent A tp PMdRed %‘89{5:?- . lopirapyouR Spegieny bpyeen the
subsyate FgdUTigyi FRPUIPFed i Hereled 8% SPRINOP; BRYING Bresigiesmined

reSﬁtiwties.
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