-1- 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 nethod of
providing a substrate coating having a 5
predeterm ned resistivity and in particular to nethods

" and apparatus for providing antistatic discharge
and/ or seed |ayer coatings on a.substrate surface. As

- || be. understood by the skilled addressee, the

invention is not limted to such uses. Undesired
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properties. Such coatings are typically applied "wet"

for exanple by spraying. a lLiquid. _emulsion.onto. the ... ...
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Another example of ESD prevention includes coating of sensitive components, or
- ' equipment for use with sensitive componenits, with. a coating having low resistivity
30 propertles Such coatings are typically applied “wet", for exarnple by spraymg a kquld
emulsion onto the component and allowing it to dry. Problems assomated with wet
applied coatings include poor adhesion with.the compenent to be coated and '
difficulty in-applying an even coat. Since the-resistivity properties are at least in pait

‘-__reiated: to the thickness of the coat, an uneven coat results in the cbating having a
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“for their hardness, wear an

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 applied coatings
are nost reliable and consistent only when rel atively
thickly coated. However, thick coatings are not
desirable in precision engineering, as they may

-undesirably alter the outer & mensi ons _of _t he coat ed

product. 5 It is an object of at Ieast one of the
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- Preferably, the .predetermihed resistivity is 105'.—t09ﬂ(:m, ranging between an insulator
- and a condugtor. Also preferably, the predetermined resistivity is 2 x 10° to 107Qcem,

or 4 x 10% fo 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 res:stt\nty is controlled by biasing the
substrate during the deposition step, preferably at —100V to —3000V, and more
preferably —500V to —1 500V. Preferably the coating is 5- 80nm in thickness, and
more preferably 20-50nm. The step of blasmg 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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of achieving the predeterm ned resistivity.

Preferably, the tine duration of the deposition is 50s
to 300s. -3 Paraneters affecting the predeterm ned
resistivity include one or nore-of the thickness of
the coating, the anmount of bias applied to the
substrate during coating, the type and volune of gas
present in.the chanber during-@Bhe deposition process,
and duration of the deposition step. The step of
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Preferably, the deposition éppara{us is a_ﬁltered cathodic vacuum arc (FCVA)
apparatus. '

Preferably, the method compri_ses-the step ot 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. Prefeérably the gas is ene 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
0.05mTom to 1.0mTorm, and more preferably 0.2mTorr to 0.8mTorr.

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

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



0. 05nTorr to 1.0inTorr, and nore preferably O 2mlorr

to 0.8nTorr. Preferably, the substrate is one of or a
portion or,conponent of: a fingerprint sensor; an

el ectroni ¢ package having an exposed active circuit; a
touch screen panel; -4- nenory nedia; a. digital

menory reader conponent (eg a flexible circuit on the
suspensi on arm.,of a hard di sk” ﬁrlve) an integrated__
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and control means for actuating the plasma creating
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Al ternatively, the control nmeans is configured to stop
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_ Preferably, the apparatus also comprises substrate biasing means for biasing the‘
25  substrate when the plasma creéting means is actuated. Preferably, the substrate
biasing means is configured to bias the substrate at—100V to ~3000V, and more

preferably ~500V to 1500V, '

. Preferably, the plasma creating means is a filtered cathodic vacuum arc apparatus.
0 e
According to another aspect of the invention there is provided a substrate. comprising
ata-C coating having a predetermined resistivity of 16°-10°Gem. Also preferably, the
‘predetermined resistivity is 2 x 10% to 1070cm, or 4 x 10° to 5 x 16°0cm. More
preferably the predetenuined. resistivity is about 105Qcm.
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According to another aspect of the invention there is
provi ded a substrate conprising a ta-C coating having
a predetermned resistivity of 105-109Qrn. Al so
preferably, the :predetermned resistivity is 2 x 105
tolOflcm or 4 x 10 to 5 x 1 G6flcm More

preferably the predeterm ned resistivity is about
106ficrw -5- Preferably, the sdbstrate conprises a
ta-C coating having a predetermned resistivity of
106GCcm 5 According to anot her aspect of the invention
there is provided a ta-C coating for a substrate, the
c oatefaigPindbe pgbsirafsr endeprisesiartads cating hiaving y bdetermined resistivity
1051889xm Also preferably, the predeterm ned
resistivity is 2 x 105 to 1070cm or 4 x 105 to 5 x
1064cm More preferably the pr edeterm ned resistivity
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sexemaﬂatsgéget I's used as described above, the ta-C

coating may also include elenents or conpounds from
the second target. The carbon content of. the ta-C
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the ta-C coatmg is typically > BOmOI%

According to another aspect of the present invention there is provided an organic
light emitting diode (OLED) display comprising a plurality of stacked iayers, the layers
including, in order of stacking:

a first transj:)arent polymer layer;

a ta-C seed layer having a predetermined resistivity;

a fransparent electrode film layer; '

an OLED layer;.

one or more metallic tayers; and

a second polymer layer.

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

- film tayer. Also advantageously, the ta-C layer prevents permeation of air or water
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gl ass based OLEDs, and the use of the ta-C |ayer

i proves the adhesi on between the pol yner |ayer and
the electrode filmlayer. Al so advantageously; the
ta-C |l ayer prevents perneation -of air or water s-
passi ng through the polyner |layer to the netallic

| ayers, and thus prevents.thei'?’" oxidation.
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ﬂ
abe 0, nd eI biinte® spetafiE Tyets REOER AR Alasitro
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andtellic Rhedr C) substrate

coat i ngbhaw r?g%og?g%g{]gﬁb%% b%?pgé@tal vity.
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to i hesi f a further ‘coating on the
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Preferably, the deposition step is stopped when the predetermmed resistivity is 10°-

g9
10 Qem, and more: preferab!y about-10°0ce. Also preferably, the predeteriined

| resrstwtty is 2 x 10.5 to 10°Gcm, or 4 x 10% to 5 x 10°0cm. More preferably the

predetermined resistivity is about 10°0cm.

Accordmg to another aspect of the invention there is provided a.method of providing

- acoatingon a substrate so as to improve adhesion of a further cuatmg on the

30

subsfrate, the methed comprising the steps of:

providing a subsftrate to he 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
amorpﬁous carbon (ta-C) substrate coating havmg a predetennmed resistivity.
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creating a carbon plasma in the chanber, and

depositing ions of the plasma on the substrate to form

a tetrahedral anorphous carbon (ta-C) substrate

coating having a predeternmined resistivity. 7-

Preferably, the deposition step is stopped when the

predeterm ned resistivity is 105- 1090cm Al so

preferably, the deposition ste€p-is stopped when the L
predeterm ned resistivity is 2 x 105 to 107focm or 4

106 Mor e ferabl the deposition
SEteh, Re Lo TETR e oY B R R TPE UV is 10°

a3 0cml 0¥Se prefdmbly, e eleﬁdsmw ﬁ@ms stb;btfeoﬁmhasi tﬁéb?edef’teﬁhlned
met al

BaRTG 123 1P G M b SN P o i ardembeine
aiﬂmnsmom teprie swpped e tlferr‘eaethPﬁ?n@ﬂ r@d‘tﬁ?mty is about 10°Qcm. In

BNl 0B AESL B R T B s mottor

compoun
W@ﬁ@m@wﬂb (ﬂlfefﬁmhilys thaf sublsratery eawcmomtb. bnm@mﬁ&netal

on Wi.t h ference to
L TS o M0, LR vl o B Bt
SPEPeuRd Aad m?fdrtbgr@atng islaumlyrabr ng an embodi nent of
apparatus for providing the substrate coating of the
invention; 15 Figures 3 to 4B illustrate several uses
Brefamed ppbeHimants @flfﬂ'@ Inveplicrseilitnowrheddscabed, bﬁmﬂaydof example
Fhig UK @S tic an
magnl fi eege%g?? F)oﬂgg\?gg% 'ﬁﬁgﬁagﬁ%&%‘ﬂﬂ ﬁgor por ati ng
an. enbodi nent of the present invention. Referring to
FigQtse! dnd 2 f

ot an o ey e eprat, Tl ] Fufl@nEllos apparatus o
@85‘5”\% ﬁﬁWﬁb’:‘t%C%?t@éé’lf WM@'@!WéSl stivity. The

coating forned from the nethod is to-C, or a ta-C
lgﬁrrrgo#r}d d| S ussed above, being about 30nm 25 in

R ral seieral usen efian espegimant 9f ¢ prasent invention;

adating is appr oxi mately 106f2cm  The inventive

coating can be used in several applications which may

enerally be described as antistatic discharge (ASD)

Fegsuw Aiged Galdsteste eamud@cmma‘ue lanH WA @WieAPortRARESI-OBF an

A PP Pl of BB Pleseblimiorotice o o -

bar rier |layer. ~Exanpl es of the coating' s use as ASD,
R%S,ﬁﬁvv@ﬂﬁjﬁgg?é | Pprebtd St IS Srdesén mvenﬁon A Inﬂtethod of |
providing a substrate coating 'having a predetermined resistivity. The coatmg formed
from the method is ta-C, or a ta-C compound as d1scussed above being about 30nm
in thlckness The predetermmed resistivity of the coatmg is approxtmately 1OSQcm

' The inventive coating can be used in several appltcattons which may generally be

described as antistatic discharge (ASD) coatings, and as seed layers for i improving
adhesion between adjacent layers. Properties of the coating also allow it to provide a

‘secondary use as a barrer tayer Examples of the coating's use as ASD; seed and

basrier layers are described in more detail below.

- The preferred methiod of the present invention for providing a substrate coating
having a predetemimed resistivity is performed in an apparatus 10-comprising a
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The preferred nethod of the present invention .for
provi di ng. a substrate coating having a predeterm ned
resistivity is performed in an apparatus 10 conpri si ng
a -8 vacuum chanber in the formof a coating
chanmber.-11 in comunication with neans for creating
a plasma in the chanber, in the formof a FCVA

.- apparatus 12. The FCVA appar Aus 12 conprises a

graphite target, a power source for supplyi ng power

 t ¥agthen tfmn@e!r in &@dor&ﬂoﬁd@&ﬁm?%hémﬁ&nf’@ﬂ &?Mnlcauag with means

le for how the 5
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as convent 1 ohar - afparat-u¥hgrrastihe srefgioid smisadimpenttis wrranged for
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pr el1i ent oPBYAed By ather pypgs @Bawsﬁ?gl Yapous dwisitheapparatus,
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LRt Loy oAl is Shofl SR Sfffn tidbampar 14

with th oat ing C
g P i R YA Rertaser fosie fierinionalpitcstotpmovont

Beatd-pyliclFhiremi atidpthachibsyad si¥adsse, of an ion beam
source 16 within the cl eani ng chanber 14. Feed and

coll ection subchanbers 18 and 20 are al so provided in

Hmrremivoettiaotoeniatsh Obh&.ms@é Qﬂ@érﬂ&uﬁﬁ@i‘f@%ﬁt#é\f}ﬂgm\@gﬁ%@er

The chanbers 11
OB g o 55 b Faging 3 sHom e awon cecasting. Thisis

ashiavied by aise af amion lm@ansmgse 28 wihiinGhe a@ﬁnﬁb eRshb & ?1 lt iﬁge}éd

ARSSA f 11315%9 her et hr ou 20" Steps o

ref ergéig subgﬁa V\ngltlp §\%Btf’éeé‘ 8 PR iicemmuication eéth the
Fomngieeder 14 a0d vaguush ehambeéks, E@b@eﬁw THEBRBAltErs 11, 14
adan@égugd e 1 the sybstrate 24a is . a
o BulkdnSROBAI 4 20k 1 Sl Buipaifapit o har visoarzow

OBERAT &4 vhichage sizPe torplicanpadsagEobitie suBstrdtd thessthidught ©
24b is in. discrete units, such as integrated circuit

Sfel 0 acka_es In 25 both Figures 1 and 2, the nethod

DSOS pisired mpbpd wiltrovs b desaibed 24th ref2ddhck %o F@v&m and

2,fwiosretike rdteefcs H%E%@&%q&@ ik 5T E kh st %’fbseurlfﬂrgtet Haisa

ﬂﬂﬂllan into the IOﬂSU
- flexible ma rﬁ“ﬁ gsgzﬂexqb}qﬂ@uﬁ@phwsmﬂﬁedﬂuhﬁﬁd&rﬁ{ ﬁnd%ﬁld&reZ

the supsteati dep |SQF1 cﬁﬁ&etb @EQS then 8Y ﬁﬁgé&tegi%trgatt IIE) pac?(ages in
botly Ecgures ‘F and 2, ther;nethod is continuous, where the substrate 24a,24bis
moved from the feed subchamber 20 through the chambers 14 and 11 and into the
collection subchamber 20, via the narrow openings 22. In'the method, the substrate
24a,b is provided or put into fthe s_yst'em_. 10 at the feed subchamber 18, and the
chambers 11, 14 and subchambers 18, 20 are evacuated to apressure of abiout
1uTorr. Argonis then introduced in to the vacuum chamber 11 to a pressure of
about 300pTorr. The substrate 24afb 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 suiface prior to mowng the substrate 24a,b into the coating chamber 11. The
FCVA 12is then actuated to provide a piasma of the graphite target, such that



chanmbers 11, 14 and subchanbers 18, 20 are evacuated
to a pressure of about 30 1pTorr. Argon is then
introduced in to the. vacuum chanber 11 to 'a pressure
of about 300pTorr. The substrate 24a!'b is noved
through the opening 22 in to the cleaning chanber 14.
The ion beam source 16 is actuated to clean the
substrate's 24a,b surface prigr- to nmoving the
substrate 24a,b into the coating chanber 11. The FCVA

1 ena uated to provide a plasma of the
.g.r%gh%m fens co gg} ug CafesHERCe gs tacgf Héa timerigtes@hfor the coating of
t Iﬂ&mbstra@ts&ufadeﬁ fsamatraed 0-HetwddtCallduiBo LAY 86y Q!aﬁn !
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[ 0 e

c oat i n has been’ ap e
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det er ed anmount of substrate roll 24a e
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the coated substrate(s) 24a/b are then renoved from

the coll ecti on subchanmber 20. In the enbodi nent
in thg smbmdirdent iiustrgleddn Figutde, mu&aba@&@z&iﬁl@ rh&vdHERgh the
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(not shown) by known ne
arrangenent, a second FCVA source (not shovvn) isin 20
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idie td e & lrate coatl ng
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uni form properties which provide an i n’proved

Tabti LT3
Blinves: hﬁvézﬁylulﬁg ﬁ?g%ﬁ%ﬁﬁ%g&ﬁﬁp rgsgji Yﬁggr%n%: ﬁw‘gp reFerred

| gt e oy HRIQ5T RIPPOEBS WiCFOVds omirsprbatd aliBstatic
25 dmm"gé QASDY 8yAtighvHan _&H?pared. 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% repeatabﬂlty of resistivity from one batch to the next and that the reszstwuty can
~ be controfled to be 10%Qcm £5%. This level of teierance is not possible using known
30 ‘*wet" coat methods. Results of other standard tests have shown that the triibocharge
of the coating at 1000V is <1 V, 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 Imin in an ultrasonic bath, due to poor adhesion when not applied refatively
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preferred nmet hod have shown that the coatings have *5%
uniformty of thickness, 10% repeatability of

resistivity fromone batch to the next, and that the

resistivity can be controlled to be 106Qxm 5% This

| evel of tolerance is not possible using known 30

"wet" coat nethods. Results of other standard tests

have shown that the tribochard@- of the coatjng at

1000V is <1V, and the static decay is 0.4s for 10%
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eftgggigﬂpgﬁﬁ?g&r er(%p wq]e%vtgﬂchmgeth\éma%t?ve c(:)er:wt 34. If the ESD from the

user is great enough, the active circuit andfor 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’

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

through the coating 32 to the active circuit 34.



conventional fingerprint sensors is usually Si3M,

SION or Si2, and typically has a 25 resistivity of
>10700cm Therefore, in practice, the user often

di scharges static electricity fromtheir finger tip
when touching the active circuit 34. If the ESD from
the wuser is great enough, the active circuit and/or

el ectrical..conponents connected - thereto can be . .

i rreparably damaged. By applying the coating 32 of the
prasemtbe unB¥RMd t nsor

risk of ESD is rgfdbljr‘(i:gle Jg?v%%%/ﬁﬁtg etgg yet g’tgﬁ’ 5%9583?’?91@3}' be
stYSPF i petest fromd i pthepivaes bl wippyed activegirsties, iddneling touch
t aiakiief dithigy psesis finger through the coating 32 to
the active circuit 34. -11- As will be understood from
t he above exanpl e, the novel substrate coating may be
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As illustrated in Figure 46, this results in the
active circuit 48 being coated by the substrate
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.2 ‘ g@q\twg tfabp owed as a seed layer to provide improved adhesion between two

layers having very different resistance propetties.” Conventional OLEDs comprise
several adjacent layers, including (in order) a first glass layer, a transparent electrode

film (eg ITO, ZnO) deposited on a sutface of the first glass layer, an organic OLED

| polymer, Ca and Al, and a second glass layer. Asglass is'brittle current research is
30  exploring the replacement of the glass layer with flexible, transparent po!ymers such
as po!ycarbonate However, whereas the temperature when depositing the electrode
‘fﬂm onto the glass layer can be relatwe{y 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 pofycarbonete at lower temperatures.has been shéwn to be
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25. the coating to be used as a seed |layer to provide
i nproved adhesi on between two | ayers having very

di fferent resistance properties. Conventional COLEDs
conpri se several adjacent |ayers, including (in
order) a first glass layer, a transparent el ectrode
film(eg 1TO ZnO deposited on a surface of the first
gl ass layer, an organic OLED-1pel yner, Ca and A, and

a second glass Tayer. As glass is brittle, current
| acement of the gl ass
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983(@'3’8%‘83%%% G843 B{ﬂheoptwdeﬂ onibe Bakroe Altayer 669 0cm
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m of a seco
plle?é(raﬁle as ﬁlustrated 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 tayer 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 method. Tﬁe additional ta-
Clayers 70, 72, can reduce H,0 permeation from about 30gm2day™ to < 10gm*day”
!, when applied at a thickness of about 504, and to < 0.6gm>day ! when applied ata

© thickness of about 2G00A. Permeatton can be further reduced by several orders of

- magnitude by using a multi-alternate Iayered thin polycarbonate/ta-C substrate in

place of a single polycarbonate layer with smgle ta-C layer applied thereto.
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20 pol ycarbonate |layer 68 is further provided on the
Ca and Al |ayer 66. The first ta-C |ayer 58 has the
added advant age of reducing the perneability through
t he pol ycarbonate |layer 60 to the Ca | ayer by
approximately 100 times: It is also preferable, as
illustrated in Figure 5, to further reduce the
perneability of the outer 25 pblycarbonate |ayers o
60,68 to provided second and third ta-C layers 70, 72
over the -outer surface of the first polycarbonate
¥er 60 and the outér Surface of the second )
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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 deseribed. The method
comprises the steps of providing a substrate to be coated-in' a vacuum chamber,
creatmg a plasma in the chamber, and deposttmg ions of the plasma on the substrate'

‘to form a ta-C substrate coating. The coating step is stopped when theta-C

substrate coatmg has the predetermined reslstiwty The predetermmed resisftivity is



the invention to provide a coating with a resistivity
of 106 to 108Qem 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
waf ers. Renoving the need for carbon fillets has the
added advantage of reducing risk of carbon

contami nation fromthe fillet®son the wafers. Wile
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conpri ses the steps of providing a substrate. to be
coated in a vacuum . chanber, <creating a plasma in

t he 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 predeterm ned resistivity. The
predeterm ned resistivity is 105-10100cm and
preferably about tOsfQm_ The substrate maybe bi ased
during the nethod to aid in arriving at the
predeterm ned resistivity. The coating 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 inprove adhesi on between
the substrate a 5 further coating. Al so described are
coati ngs having predeterm ned resistivities. -15-
CLAIMS: 1. An organic light emtting diode (OLED)

di splay conprising a plurality of stacked |I|ayers, the
| ayers including, in order of stacking: a first "
transparent polyner layer; a ta-C seed |ayer having a
predeterm ned resistivity; a transparent el ectrode

" filmlayer; an organic layer; one or nore netallic

| ayers; and a second polyner |ayer.



2. The OLED display of claim1 wherein the
predeterm ned resistivity is 105-109Ccm 3. The OLED
di splay of claim1 or claim2 wherein the ta-C | ayer
is 10-50A in thickness. 4. The COLED di splay of any of
claims 1 to 3 wherein the fiiest pol yner |ayer is
poI ycarbonate. 5. The COLED display of any of clains 1
V\/nerel n the transparent electrode filmlayer is
Cle‘HM | TO or ZnO. 6. The OLED display of any of
cI alrrs 1 to 5 wherein the one or nore netallic | ayers
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t'he coating step when the ta-C seed Iayer has a

5. I8 SR ERT MLHISAof 41§ Shain¥d § Yo 4 wherein the transparent electrode film layer
is one of ITO or Zn0.

6. The OLED display of any of claims 1 to 5 wherein the one or more metallic layers
include Ca and Al

7. The OLED display of any of claims 1 to 6 comprising a second ta-C layer on a side of
the first polymer layer opposed to the side adjacent the first ta-C layer.

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

an

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



