WD 97/ 13802
PCT/ US96/ 16203 COATED PLASTI C SUBSTRATE The present invention. is a coated
prastic substrate, one enbodi ment. of whi ch may be useful in aliquid
crystal di spl ay device. The coating protects the substrate agai nst abrasion
and sol t"% radation. Presently, there is a need f Q@
Ilghter vveléﬁ{&f idcrystal displays with inproved rugge ness hi s need
is mani fested by the fact that an expensive portabl e device suffers
catastrophic failure fromthe breakage of 10 cents worth of gl ass.
Moreover, over half of all field failures fromsone devices are due to such
br eakage. Because of their suCEATEDPLASTICISUBSTRIATEI ty and i npact resistance,
pl astic substrates offer an alternative to glass for use as substrates in
l'iquid crystal displ ay devi ces LCDZ,’ZBP Pl asti c sutst rates al so of fer an
economni cal advanThedEPseRiye ?’H%%g%“ffﬂ ticisukstrte, 0pg, ¢APOLIMS Aol Wy d%)/'i“’élbﬂs in the
manuf act uri m@fzprmntﬂd;cwsﬂndsM\dmagwoMQmthersu@traeagmtnbtasm es cannot
be sacrifsi cggy {o p@{@y&d 15 ruggedness, however. |f plastics are going to
be the substra olce, it is desirable that theazﬁibe desi gned to have

certain physi cal PW%W?&‘"*ﬁ@f‘ﬂ'ﬂ?ﬁ'fd}g’ﬁﬁ'w&ﬂ?ﬂ"w°'3@f spfayswit) "t ability at
t enper at ur e Imprevgd niggtindse. Trisoeedsis mafifesteld inythesfact thatgpiespentive punatiiexdesite 160[ err] G
c) |ow bi rewaﬁ% méaa.urﬁsdnﬁm%}s&gawwﬁne%m St lass. Wvérrbvgr'

production st abi | cratch resistance; ardness and h)

el ectri cal ? romsgme ot Pregifage- Hecausp oftpinsuperiors r apl e t o
di scovermanflaliuumanatmpuemmwsmmmﬁaamalmmmmmmsover cones the

St ress opt | CRSrAEih k85w ety GBS CON DAkl Abaraiet ) Recoefr? I/ TPerr]) of
copol ycar bof88Tcy W(@sﬁv&'ﬁ%ﬁmm ﬁiﬂﬂ%@"ﬁ%@a’ﬁ'ﬁ f¥nol A 1n a
first aspectprocesse present invention is a | am nate which conprises: 25
\% ahpl astlfc subﬁdmﬁ:«abaewm&nﬂngwsfsammemanmwdmﬁm&uammter Itaéer .
ichis.afir r rJanos ou eposi ted on e
g&ne L owe eplf)?Ing rev\%%gl ?o Qhe uﬁ g%pch&?g?mc‘gggg{egns

surface of {178°5 91%X7el
i nterfacial th?héﬁﬁ‘@&ﬂ“r‘%hﬂ!?PQFH'"PW%GWE@!FQ?WWQPWW’MM &l absence

of oxygen; Qdiﬁbeﬁﬂlresrequlredtoprooessthemépla?,tﬁdidiwwm&ﬂbﬁgwdfme,VWI chis a

second pl asr;g?mgg{i*gar W 5@1‘* .surface
of the adhes ayer at ower dehsity rom%erri} 3 to %@i err] J/ kg,

and in the fesistiitey e|  of oxygen than in step(b) In a
second azopect the:opinels,dtntouldhwmnblnrtodls:oeathmﬂianaﬁveto/dhsshrb@nmndses: ‘35

a) a pl asti Gumariaes thatbrertmés e adremihioRsdieftitricies df Bhsslsiitae®! 0.1 nMmto 10 mm
Figure 1 is a graph of stress optic coefficient (SOC) and glass fransition temperature
(To) of copolycarbonates of 9,9-bis(4-hydroxyphenyl)fiuorene and bisphenol A.
In a first aspect, the present invention is a laminate which comprises:
25 a) a plastic substrate having a surface;
b} an adhesion promoter layer which is a first plasma polymerized
organosilicon compound deposited on the surface of the substrate at a power
level suificient to create an interfacial chemical reaction for adhesion and in
the substantial absence of oxygen; and
30 ¢) a protective coalitig layer which is a second plasma polymerized
organosilicon compound deposited on the surface of the adhesion layerat a
power density from 10° J/kg to 10® J/kg, and in the presence of a higher level
' of oxygen than in step (b).
ln a second aspect, the present invention is a laminate which comprises:
35 a) a plastic substrate having a surface and a thickness of 0.1 mm to 10 mm:
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WO 97/ 13802 :

PCT/ US96/ 16203 b) an adhesion pronoter |ayer which is a plasm polynerized .
t et ramet hyl di si | oxane deposited on the surface of the substrate in the
substanti al absence of oxygen, which adhesion pronoter has a thickness of

1000 A to 26997138025 C) a protective coati pgrAgasoyhi ch is a
pl asma pol yneri zed tetranet hyl di sil oxane deposited on the surface of the
adhesi on pronoter |ayer at a power density from10[err] J/ kg to 10[err]
J/kg, and in the presence of a sufficient stoichionmetric excess of oxygen
to forman organosilicon conpound having the formula Srqerr] Clerr] and
Herr] that contains PP3pMMesORRIPEqterlayef [s@-plasma polymerized one of
the foll ow ng functi owdmethyidisipsane-dgposi@dSn the surflice Gltfecsubstrate intfié - H, or - Si - OH;

wherein the thi cknesssm&.b%masmwwﬁms%p Oferra%ara@éknéssas than 0.1

m cron and not greater t gmcrons and d) an Sierr] layer which is a
| ayer of a plasna poI et ranet hyl di si | oxane deposited on the
surface &f the prot ect)ra\pmtesmmmlgghwywhwhlsaplamrplyma_tte of a 15

stoi chionetric excessteeémmmm%a&sﬂdoamememr.&.oﬂbmﬁrper t four
times the power density used to pr,ot ective coatln r, wherein

he
the Sigerr] layer ha¥aRoM 8?5%’5"5‘%‘”%‘9 19 kg, ﬂ"ﬂé‘ﬁhed’mf‘?ﬁe@f g8 not nore
than 1 mcron. The | aswichivimetriokxdessof pxygerdn torm averpdnpsiicon ®@mpeasid sivingt t 0

abrasi on and sol vent taxforrr..ngsréwqic&:,bﬁadarrﬁ%%&o%m;mpé@vyﬂrsﬁha@ Rak1 ngs.
Furthernpre, the coatrn%f {?ﬁ‘iﬁr' 'j‘r“stat to %I% 8 virtue of the
presencel®%f the adhes?® g uniRnplerouRe; 'scsi%'sf e Gebgr 5P he

| am nate of the presemeleMQWtckrvﬁsQf&npMﬁtCMlnmb!ﬁlr&smlvsmr\therm)set
mat eri al . Exanpl es ofosmcmhh@n&ggatg,qmnqsﬁ,érsnsna;der| al s include

pol yet hyl ene, polypro rene tate

pol yvi nyl al cohol , " pol @y\fi"%&e!ﬂgt"@ﬁ é&ﬂ!’e’r{’éfﬁ‘m &%8 Fg?md%?'ﬁf’éﬂ?yl i C
aci ds, pol yet her pol gepasited on thesustace dhiha plotective esating leugs inthesirgsence of a

pol yacryjsoni trile, 25stoichsmeiekdds of DAY, Bkt a pwk ¥enbiy Yok &tikatiidudifimest | UOT i ne

containing resins, an Eg!y !M . oxy .and
urea nel am ne. The th{ri"c ness toﬁﬁﬁ F’SWC&Q &Egbg%ﬁ{hgg%gnd nt, but
i s preferably not Ies@?ﬂ%@c@ﬁﬂf“W%‘h’m%?@FQBF W?W’P@g@t“ﬁfi’ﬁ 0.3 mMm
and nost pr ef er althyiaminate balsesprédaatinvention ismgsisantio prasion raddoven by vineroe t han 10

mm nore pr%@&@é&h&&m&.g&ra&&«h\a@ ﬁ.nmnno@%mbsmefsembdaeeﬁgb not more

than 2 mm Th face o substrate is coated first wth an adhesi on

pr onot er 20 aye olihg presencs of e AdNgs'en RIAMISIYBT asna pol ymeri zati on of an
organosi | i con cofhesubaratisediot bellaminate bihepredeniinyention tande s thegtapiastis.or The

pl asma pol y Rgringsat msriaf (ExhhiRlesVt SMANS ihbriveHEstic ﬂHﬁﬁHMﬂ:uBQpWeﬁQHﬁee the adhesi on
pronoter | ayporw | S car rjed 0u&oly%yla%eét‘é”ofy&r'\y?aﬂom?%nylace\(a? pol}'n(‘)mt%r(yalg‘t e an
ester, polyacrylrc acids, polyether, polyester, polycarbonate, cellulous resin, polyacrylonitrile,
25  polyamide, polyimide, polyvinylchioride, fluorine containing resins, and polysulfone. Examples
of tharmosets are epoxy and urea melamine.
The thickness of the substrate is applicalion dependent, but is preferably not less than
0.1 mm, more preferably not less than 0.3 mm, and most preferably not less than 0.5 mm, and
preferably not more than 10 mm, more preferably not more than 5 mm, and most preferably
30  not more than 2 mm.
The surface of the substrate is coated first with an adhesion promoter layer, which is
formed from the plasma potymerization of an organosilicon compound deposited on the
surface of the substrate. The plasma polymerization of the organosilicon compound to
produce the adhesion promoter layer is carried out at a sufficient power level to create an
35 interfacial chemical reaction for adhesion, preferably at a power level from 5 x 10° J/kg to
5 x 10° J/kg. The adhesion promoter layer is prepared in the absence or substantial absence
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35 interfacial chemcal reaction for adhesion, preferably at a power |evel

from5 x 10[err] J/kg to 5 x 10[err] J/kg. The adhesion prorpter layer is
prepared in the absence or substantial absence -2- WO 97/ 13802

PCT/ US96/ 16203 of a carrier gas such as oxygen. The term "substanti al
absence of oxx en" is used herein to nean that the anount of oxygaen pr esent
in the plasm¥ SEP:’S’WBH zation process is insufficient to oXFHUS¥IBI® {he
silicon and carbon in the organosilicon conmpound. Simlarly, the term
"stoichiometric excess of oxygen" is used herein to nean that the total

mol es of oxygen 5 present is greater than the total noles of the silicon
and carbon i igt4 difriePga3Iiehas bxygen. ThETeA Obstahiie alishrice b wxfpgenad usel Reréififoesi on

pr.omot er | ay ' | ' ' of. : t han 50
A mor e pr of Seah et Sl BRER AR lde i BNEl ARl DRheEED, T 0
1000 A, and pridizeaishe sjiconand prshan in the,eroangsilisomecompoyndy Bmiiankthatedy y not nore
tham 5000 A, *dichiorbit extess oP6:x35enyis D6Yd heRino inébhal(fie fdtalmoldshf oxygen The
adhesi on gro s kel thhring Qﬁm&&% 8 sittloh Ehaaea%%‘ﬁ,gtotg\éﬁos{ﬁ&%%dﬂp% MY er
which is a plasna 80 ymeri zed or an03|F|con_conpopn eposi 1 ed ot he
surface of the adheethiginessofthe adhesionpremotes jayer isappicationdependeptandism 10[ err] J/ kg
to 10[err] Jlpkegarabfingt lbss tiah 60 A risiepreterably ndl lebs Whres00 Acan mostiprefaratiyadt t han used

to formthe ' r o‘?{g@l i coating

| ayer is for qn%gﬁfﬁﬁbﬂg'%%yg%éﬁo;ﬁﬁé |§’rr%ir?{’rc rg%ggstg’g;gf’%gxygen. 15
The t hi cknes $00A. aprmost prefarably not mowpakan2800A, . { he substrate depends primarily
on the prmperti esTuadhésibnedaictenigysiis ther boatedlwith A prowttive tdatrigdayebatichisa gener al |

S suff cl enlolamd Biylbrited ofgkRiRlicon SR dehRLAIA RS of hPadhbditn! ' 21 €.

Preferably, the coating t ness 1's  not E’SS an 0.1, nore preferably not
| ess than 0. Promgieslayssata powerdepsiy,from 1) kg ta Q" Jfkg.gad i the prgsancg qf a highar ot
gr eat er t han léiéh of orggen tigan@beintaionythe adhegiongrdneter tajexn Pisferabip.thaatectiver ef er abl y

not greater thaig iaydflsdsrMBin the Presence of a stolchidmbiRd'aaeks 8t difgénOPt i onal Iy conpri se
an Sigeryr] |ayer

which is | asma | ri zed organosilicon conpound
deposi t ed”on t he yﬁﬁ*"&'ﬂ'@“@f '%? ﬁ@%&&gﬁgﬁw“ﬁﬁ?@f&%&@%ﬁ M | ayer, in
t he pr esence ppertiesf the coatingrsiwe]l as theeubsirtapbut imgptpeal, is sufficlently thick fodmpart densi ty
of at |east iegidibresibiBric ttheduBitaidl YreldrablyPhié toatingthikhdss isthidrlesstfah offwdrer abl y at
Thi s 1 ayer | sR3REls O3 o B Frodsby Ll iR OBy bt GO b EVET-
the Si  err] 1PXAs Prefasrbiy na greatarihan 5 andepstryeieratiy et eragterdhan 2mdamans. The S
t hi ckness200f the $helhmihaié maydptitnailyscompiive anBioy layed whict ib a plasnfagolylnbrzédiess of t he
protective c | @%bgug. _ s%gcgl l,GL On, nore
preferably n(?)’t%i I.'%gcsdn?%@é\o% rﬂ%‘ﬁé an o}r,rtnht;s]?;eﬁ %@?@%ﬁ% c%g?' : ',agasf'g&t han
0. 05 ni cron, thaReEsEIcerts sipithipmetic expgssof opygan. and st @ poysedengiyy piat lsastiwiceq | v not
nore than 2 rmote peferablypeatdeastadimes aed mos pleiprabip tit least Gtintols the pdwardensityusedd0

It may be desgidnit grotdcivecdating lalfr. Tiiid1By e 8 CorRErl réferectY 84 an'didh llayel. T €1 NAt i Ng
layers of 25t h ‘?-Iowever. the SiO, layer may also contain hydrogen and carbon atoms. The thickness of the

8iO layer is generally less than the thickness of the protective coating layer, and is preferably

not less than 0.01 micron, more preferably not less than 0.02 micron, and most preferably not

less than 0.05 micron, and preferably not more than 5 microns, more preferably not more than

2 microns, and most preferably not more than 1 micron.

30 It may be desirable t0 coat the adhesion promoter layer with alternating layers of the
protective coating layer and the SiO, layer. The ratio of the thicknesses of the protective
coating layers and the SiO, layers are preferably not less than 1:1, more preferably not less
than 2:1, and preferably not greater than 10:1, more preferably not greater than 5:1.

The organosilicon polymer coatings are prepared from an organosilicon compound

35 such as a silane, siloxane, or a silazane. Examples of silanes include
dimethoxydimethylsilane, methyitrimethoxysilane, tetramethoxysilane, methyltriethoxysilane,

3
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protective coating layer and the SiJerr] layer. The ratio of the

t hi cknesses of the protective coating |layers and the SiJerr] |ayers are
preferably not less than 1:1, nore preferably not less than 2:1, and
preferably not greater than 10:1, nore preferably not greater than 5:1. The

of ganosi | i cyp PIRksoer coatings are prepared from an or gangsindeéfgdesc onpound
35 such as a silane, siloxane, or a silazane. Exanples of silanes include

di met hoxydi et hyl si | ane, net hyltri net hoxysil ane, tetranethoxysil ane,
met hyl tri et hoxysi |l ane, - 3- WO 97/ 13802

PCT/ US96/ 16203 di et hox di met hyl si l ane, nmethyltrithoxysil ane,
t'ri et hoxyvi rtRaxydipaywt WMW‘P&%@WWWQH@PWWHH%W si | ane,

phenyl tri netdmotwydmwpher@lsunycphd@muwmﬂaw, GHaytidoaypyopyitrieethoxysilane,

3- et hacryl @, fa EEM@MS%Q%%‘G”W silane, tris(2-
met hoxyet ho%w nyl si I ane E,é& |‘ér| et hoxysi | ane
di et hoxydi iane, agq qimatagxiphenyisilang.c Examples of

tetranet hyl dsmxahemmm (ﬁmdmmamtwyhmmne [Exarpiésas Of
si |l azanes i “&L&ﬂf‘s ikhﬁﬁ@f@'&%hﬁdu&ﬁﬁ@ﬁﬂ ﬂetﬁ;@s?l&zgﬁ?t hyl si | azane. The
ra

organosi |l i con mer coatin re pr |ied by a plasma enhanced
cheni cal vapor dé%ﬁg’ig?’m’m(' ypoRtinns p PEpiRse PQEH)B‘%&!P’M aneed  Pat ent
5, 298, 587. | ¢hemical vapmpdapbsitivh (RECYDpteattinng as disclessdiindiS. Ralvet 8,288)58mt € | S

optically clear nBoHH tjcC
coefficient é{bg;}:lgnﬁ #fgﬁim ?m - Lraﬁmemﬁ%%oﬁgféen&s%@&aénd a
Tlerr], 4% d "ﬁé‘ﬂg‘fﬁ"m? jelent (SQG) inthe ange oLIoR PRI} v, preferably in

t he range of +3500Bed86$ endd T, dscis@m@jed by {itfrenial e¢anniagdaloriméttycpréi&ablpih teh e

frggtst :) ?te fee'r ;rgln of h&ﬁssedsngﬁtrm-boe%%awﬁe %@Bﬁﬁ@éﬁb&(mﬂ%nog ﬁs%?%d’gg m—)fgo and
pref erabl y nB‘?’g Péﬁbbr“"'t'ﬁ;é 2B 59%. aﬂ%Wﬁ?@“&Vﬁ?‘%’%ﬁF@"%@@%%ﬁ' t han 100
15  Brewst ethan wvmnoﬁ rreferpbiyyfiot greaterdban 09, ancemost preferabliznot blegterthan 10@ss t han
180C, nDRe paRaEs.OTHS T)ofithd ﬁsamhfwhm'ﬁs&s%naaabcrm&a pidfefsb sy not | ess

than 200[err}C n 0 . greater than
240[err] C alr'f quaﬁ)& tgrgttﬁﬁgly z%sfgtr%gna gr r?oref%(.')ﬁ'err o\éc%e term
"optically CP'E‘&FNYF‘%W[?&'GEF“M %’quewtﬂwfmg PGt Thee® a nmeasur ed
total light topﬁuawraessmsamlwﬂo mesnthdl the Gulistlaté\ab i nidadunéiIotariliglat | east 80

per cent, pfetﬂsﬁ&% Ls.»aarn e hsTILR 1008 bt bt o6 rcoh, fleflu htials| di SP! ay

appl i cations & substrate y conprises a carbonate pol ynmer which
can be a?f fer or a copol ynmer or a bl end having the desired SOC and
Tlerr]. Pr ef er abI Kor liquiderystatsiisplay applications, thessubstrate peefeirably arbraprised a/garonaihi ch i S
é h el r eacg Ih ON gt Whith &b baa n&ﬁ@aimrtar pwpm%er o:VH)Jléhd msﬁfgeﬁeadamefs %bc%?@ mat i ct
Loty 1L 2 S oSG ks oSO MR el sl 2 O €
di hydr oxyant lan aromatic polydhimofe nreferably an aronjati¢ figjonithasarbonate precursor.
25 Representative examples of aromatic diols include catechol, hydroquinone,
dihydroxynaphthalenes, dihydroxyanthracenes, bis(hydroxyaryl) fluorenes,
dihydroxyphenanthrenes, dihydroxybiphenyis, and bis(hydroxyphenyl} propanes. Preferred
aromatic diols include 9,9-bis{4-hydroxyphenylifiuorene and bisphenol A.
Carbonate precursors suitable for use in preparing these carbonate polymers are well
30  known in the art and include carbonic acid derivatives, phosgene, haloformates, or catbonate
esters such as dimethyl carbonate or diphenyl carbonate. The carbonate polymers can be
prepared by a variety of polymerization processes including interfacial, solution, or meit
processes, all of which are well known in the art.
Preferably, the substrate comprises a carbonate polymer that contains repeat units of
35 adihydroxyaryifiuorene monomer and a bisphenol monomer, more preferably
. 9,9-dihydroxyarylfluorene and bisphenol A. The ratio of units of the 8,9'-dihydroxyaryifiuorene
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di hydr oxyphenant hr enes, di hydr oxybi phenyl s, and bi s(hydroxyphenyl)

-propanes. Preferred aromatic diols include 9, 9-bis(4-hydroxyphenyl)fluorene,
and—birsphenol A~ Carbonat e precursors suitable for use in preparing these
carbonate polyners are well 30 known in the art and include carbonic acid

derivatives hos ene hal ot ormat es, or carbonate esters ;‘% ogi met hyl
car bonat e WOE‘V carbonate. The carbonate pol yners (!%# gﬁ%?, pared by
a variety of polynerlzation processes including interfacial, solution, or
melt processes, all of which are well known in the art. Preferably, the

substrate conprises a carbonate pol yner that contains repeat units of 35
a di hydr oxyaimlbisbmolamprmmm lesd thianc80170, yminecpreafbrably mod lwes thano160, apd ef er abl y

9,9 -di hydroi,jgy/,g,rrawﬁ Qﬁﬁﬂﬁa W&g&wrﬁ‘ %ﬂ&tﬁaﬁ%go of units of the

9,9' -di hydro uorene 97/'1
PCT/ US96/ 16203 aerP"Bﬁ '89&‘°P‘§°W'@Ff A theypriancr,At SOGard Toehanumper 0 nore
pr ef erabl y neadpoljcasendddsans, ﬂ-&s@ﬂrpxyahuﬂylmoeihemmmbkprgnceatmmtfttergmaﬁ) 10, nore

preferably n ,%rnpgﬁp i ction of
t he vari a%ceﬂ%?é%%‘ TF’g?r 'ﬁgem nun%ﬁroj‘%o ol car onat es oth‘?eo
0, 9 bi shydr owmtmawmm el or 4 e B IHERY RVERPRICSIOMR Mg aph 5

i ndi cat es t haftimak§ng (BOGcrais®) asurs witlt dRHRFBPR)aatdiof BXB0/Eheteas 6 pdithalmy| per cent

I havgocépgéa%mmus belrstio! Ftundidig Mahl Yend et Or |1 aui d

crystal displa Vi ce | cations. OC equal s 0) occurs
with a BHPF/ WW&&"P@QBP‘ ‘°’mE'P‘€ab§ "FPFB”B‘;S‘P Pﬂ%ﬂ“"'ﬁ’ o the %ﬁfﬁs at a
sonmewhat 19 owsdlymeatoinake medb&ﬁryqpounbpmlbnblammfporﬁm*dloan be made wi t hout

Thto the 2erbona‘?g’°i‘9 T e ol o or B

i S y
bl endi ng pol ¥ é&é’ 'gﬁHBS?'X@atFBWé’fg'gf'@?""b‘gﬁaY ?#{)#Féyi?ér bonat e
pol ymer . Thi ecpelpmerebiendad witlytherfarbonatepolymei, is suffigienbio gchieye the desiredTawlithout ar bonat e

pol ymer, or §d3§aﬁ|ammﬁmmoggmgmp§paw or car bonat e/ ester copol yners
bl ended th t he

e i S .SUffIC to ac edeswed
Terr] wifhout o EPRRY. HefesBRInkE TS mo fsicBd bpiual o londe of P! Gadd
Pref erably, ®igpid oblerides: TO'F\F“PB"'&F'EC“%%é'a?*‘é%lﬂ?ﬂﬂﬁjﬁpfﬁi‘*@aﬂelcmﬂﬂa‘l’ ers¥enid ¢ or
aromati c di aeichdd) mdale preferblg B CQq disdid.or ditacid aildﬂp&)aetwmoehpmmblywspﬁlaml d chloride

i f bl bl

Grort] ai oo SRy BRS¢ cthor ol St Sl Paael Rl 7 5§ °

adi poyl chl oferepihalic agid, tesppthalovt ehlorids, isophthalic,acid, ¢ @HF‘B‘P’?"H@" dPn%G'H‘FQS‘Wﬁ'P'i'ec di aci d
i s preferabl gicarmxyip htid at 2,&napbthalenetdiacie phidride | Rygferabiy trercomtentrationaybéstdnal | ¢ aci d,

i sopht hal oyl ygh InQﬁd s‘ilﬁ'strat% nsfln e FHHLM |fr5'rﬂ %0 1880 mofPefcafitsa%ed dnthedbthithole® bt
2, 6- napht hal ene di aci e. Preferably, the concentration of ester

or i
units in the P%['P@"qc?ﬁ”r'f“'fhe range of from 10 to 50 mol percent, based
on the total nol ctheddiiowing examplescare foi ilustrativecburposesoniy A ate not intended to limit

the scope of this invention. All percentages are weight:weight unless otherwise noted.

25 Example 1 - Preparation of a SiO,C,H,-Coated Carbonate Polymer

A. Preparation of a 60:40 Mole Ratio BHPF/BPA Copolycarbonate

A copolycarbonate of 60 mole percent 9,9-bis(4-hydroxyphenyl) fluorene (BHPF) and
40 mole percent bisphenol A (BPA) was prepared as follows. To a 100 mL high p'ressure
reactor with plug were added BPA (0.913 ¢, 4.0 mmole), BHPF (2.102 g, 6.0 mmole),

30 t-butylphenot (0.045 g, 0.30 mmole), aqueous 50 percent NaOH solution (2.0 g, 25.0 mmole),
and water (16.14 g). The reactor was purged with nitrogen. Nitrogen gas was blown through
the air space of the reactor for 10 minutes, then the plug was tightened down. The sealed
reactor was placed in a water bath (69°C to 71°C) and the solution was stirred. After the
monomer was dissolved, phosgene solution in methylene chloride (20.08 g of 6.65 percent

35 solution, 13 mmole) was added to the stirred mixture using a 25-mL gas-tight syringe. The
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The foll ow ng exanples are for illustrative purposes only and are not
ilatended to limt the scope of this invention. Al percentages are

wei ght : wei ght unl ess ot herwi se noted. 25 Exanple - Preparation of a
Sigerr]Cerr]H err]-Coated Carbonate Polynmer A. Preparation of a 60:40
Mol e Rati o Rid¥7hB¥e& Copol ycarbonate A copol ycarbonate of gfrosveaszper cent

9, 9- bi s(4- hydroxyphenyl) fluorene (BHPF) and 40 nol e percent bisphenol A
(BPA) was prepared as follows. To a 100 niL high pressure reactor with plug
wer e added BPA (0.913 g, 4.0 mmole), BHPF (2.102 g, 6.0 mvle), 30

t-- but yl phenol (0.045 0. mmol e) , . aqueous 5 ercent NaOH solution (2.0
g, 25.0 nmol %Vf',(geé‘ﬁﬁ ﬁ@?ﬁ‘"?%.’?&‘%ﬂ‘*‘%‘g”ﬁ’ﬁa@f‘gﬁfgmmﬁﬁr@wmat‘ﬂ"% t rogen.
Ni t rogen gaschifperbenbiiaOH (2:0m.i2fmmble) vwais added by syricge through theaentow. for 10 mi nut es,
Ehteﬂ Egg[ pl ug MSrngiirmmr@n%okme”] mﬁwﬁm}%}ﬁgomaﬁantarmmﬁn@égf@g@ﬁ iﬂ a wat er
a err r .an e, sqlution was stirred. er e nononer
was di ssol veé%‘tﬁd’?@%gﬁyﬂﬁegﬂbw Wéidmﬁ@'“eﬂ\"ﬂw @(5'%2?3?6@'@9’& 6. 65
percent 3% squkousisgution)l Jhismixtued wasabakenifvetiminote wheregpdnithecreactor wesswdledisi ng a
I%gT/ml_Jsggls 123'28311?3%%“2%\%%{8?5&? ned.;waﬂh?éé&?%tasiep#en rﬁd;tﬁ Upgc\l;\'ggicshaken for
30 seconds. m%?fﬁ'ﬂ' %F&&Pﬁ%‘ﬁqg‘r&gﬁ"‘ﬁgﬁ‘éﬁl“ﬁ%ﬂ@d?‘?ﬁm&“%e‘ﬁmf'@% was
added by syr Thegesultant enpgiicarbonateskadiaTgof 28076 (RC28Q) Thisgeseralipsdceduraiwas udedni nut e,

wher eupon  adgiphepaya alidnbRki Gidnthiee ofddpdlchrEishate lhichiwed inli@isn mslatAGMPY SYri nge

foll owed by 4-di net hylam no ridine (0.6 nL of a 1 percent 5 aqueous
sol ution)’B TFﬁ@qg;)'(fﬁ é"mvxﬂ%qug%aken for 1 mnute, whereupon the reactor was

swirled i n aB Preeardliop of a BHPE/BPA Sopalicamenstediasded, and t he aqueous phase
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wat er, an e . . C onate had a
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addi ti onal qWeisht; Wit bisphenol Appiytalhonate,df aars by waiplth The regulting mitwre wa$ ol ded i nt o
10 127- 13 l@xfrusioh cbmpeuntedand gelletized Bsingra 3opmarh WetneinPrisiderar ditrlidef vdiRAhe feed

Copol ycar bon I et 3@0\5 | end having a Tg of

190[err] C (P@"ﬁﬁf%s pr?earé g’%@%ﬁ%%%%’bt he copol ycarbonate
prepared in PhB‘??ﬁ'ﬂM"BEEEYPB@H"QW'W%WBQ"%?P‘?' wei ght) with

bi sphenol A pol yctrelviepraition qf thé highly trosslinked\orpariosilicon ddatingr(genarallyl ofithe fomadlair € was
15 extrusi OBoXQ AN Wad'EiRted 3ith PPECVE stafrfidds btaél Bak eyuiBbbWith ¥\6Hbakr H3hd Rarder er
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Pol ynmer SubsPath exp (PR30 esits190irespectively) wes nigcgh B9 oo pbpye the ptede afounsiissi | i con
coat i ng ( gengéntdr bitheXatiolis: The plagle vaStirsy caitéd wilher 1bdb 8500]-A thivR dnesier thyad out i n
a PECVD stai o) €35a Boiridriz @ P TRBBE (¥'ic-hl) FasIEANS the Lnberth@li the
showsr head cathode. The gas inlet holes of the shower head were evenly distributed on the
25  plasma ring of the magnetron cathode. This configuration of gas inlet maximized the
decomposition probability of tetramethyldisiloxane by allowing the molecules to flow through
the most intense plasma region. The TMDSO vapor flow was controlled by a Model 1152 MKS
inc. vapor flow controller and the plasma power was supplied by an ENI power supply (Model
Plasmaloc 2). The power loaded 10 the plasma during deposition of the adhesion promoter
30  was 500 watts (W) at 40 Khz corresponding to a power density of 6.3 x 10° J/kg. The chamber
base pressure was less than 1 mTorr. The process pressure was approximately 27 mTorr.
The highly crosslinked organosilicon coating was deposited onto the adhesion layer by
feeding into the chamber a mixture of 40 scem O, {fiow rate controlled by Model 1160 MKS
gas flow controllers) and 4 sccm TMDSO. The power loaded to the plasma during deposition
35 was 40 W at 40 Khz, corresponding to a power density of 2.9 x 107 J/kg.
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20 magnet ron cat hode as shown in Figures 1, 2, and 3 in U S. Patent
5,320,875. A plaque fromPart A or.B (PC 230 or PC 190 respectively) was
placed 3.2 cm above the cathode around the center of the cathode. The

pl aque was first coated with a 1000 to 1500 -A thick adhesion | ayer of

pl asma pol ygerl TMDSO. TMDSO (4 sccn) was fed into th t hr ough

t he shower %{flaﬁ%g? hode. The gas inlet holes of the shovver ea fi;li\/\'/zasre evenly
distributed on the 25 pl asma ring of the magnetron cat hode. This
configuration of gas inlet nmaxim zed the deconposition probability of

t et ranet hyl di si | oxane by allowing the nolecules to flow through the nost

Int ense pl asma r eldsistanceThthe TodiE Plagurs ¢ N-Methyipyvalislinone (NMB) wasdleteymired Mpdel 1152

MKS 1 nc. vape&u.rigla%pfamwwtﬁeeaoa@mumeanemwptm@sio SR8 for iR DY an EN
power supply ower to the plasma during

del spaloc
deposi ti on OP&?'HB“%P&H F’B’hwﬁﬁ?' H%%aé?bss‘tsgw"%a*g%m fiquding 340 Khz
corr espondi nepsistanca tpiMr Forl BO<2B0, goatihgs®f BO-x1.2-01.41 anfd 1 B/nhigron thibimessvapdaer base
pressure S\’assdhfeﬁﬁa&%& IFoPB&A 60, cohlifys B 05956, dnb § 8Mitrdh tHiBMeR af Sbi ely 27
mrorr. The hlggh crosslinked organosilicon coating was deposited onto the
adhesi on | ay é“ﬂ%“’f eeding into the chanber a mxture of 40 sccmJerr]
(flow rate cmua-eeremayaﬂmms:qmsmwmmmol | ers) and 4 sccm

TKDSO The pOWSr A Padi feithét PCIYG0 B FRES0) \ﬁkﬁra'lﬂﬂr ré?ﬁbte?‘ﬁas pr%&d‘}ao Wat 40
57/213§8rzr eSpExa Ippegl vgagcga da\Qemaheqyewﬂmlélg and organoslfl(con coLa?nrgg The Sl& WUSQG/ 16203

Resi st and@ opachihed xWigkness 95 0.Q7R micron anditherhighlyycrosslinksed boigekiositicrn céa!ihda)sadvas
determ ned byacfukficingssdt 6lLe2Mmicron. Nh@t.&&@hﬁaﬁeaa%pﬁuia‘tﬁ&ﬁaﬁady@éd wing the

drop to stan n te \/ sual
observation g"’tgtenchL %egﬁcm(ia 0 §§P§°°H’% 3" %'qgie @%%%dfwﬂéée]m\t(\% ﬁw" For

PC- 230, coat Fefgelie) ang 4gccm TMDSO. Tremer&n@diobemwnngmemm@wm npart 5
sol vent resi asmemoﬁ@,roomp&ﬂﬂgtowmmﬁsnp& 18.x20% und. Fhen, BMafirstL. 6- M cron

t hi cknes i Q

Sigerr](er ﬁ‘?l‘é&@ errj- 51&%Wksedegrﬂb?f£€£ﬁf Qt|3Ia ei t her

PC- 190 or Z,E‘ﬁi erating; was applind, ‘”‘6 2 greend asganosll W@\“gmaﬂf"ég&-ed in Exanpl e
1 was coat edcdmgaarrmw;thmbfga:ﬁlsiﬁi{oema}ungaﬂdeﬁtaglathsldfmemmtmngs The

Si g err] coajphiifonl Both PBH80 Bitfbcazdolhmfia nglstgﬂgmﬂnﬁ'imn@rﬂget he hi ghly
crosslinked or anoil l1con coatings each ha t hi ckness of 0.262 m cron.
The first Si EPRPYPPRYR i ng was applied to the plaque by feeding into the
chanber a m xture of 40 sccmJerr] (flowrate controlled by Mdel 1160 MKS
gas flow controllers) and 4 sccm TVMDSO. The power |oaded to the plasma
during deposition was 250 Wat 40 Khz, corresponding to a power density of
1.8 x 10[err] J/kg. Then, the first 15 organosilicon coating was applied
using the conditions described in Exanple 1. The second SiJerr] coating
was applied, followed by a second organosilicon coating, then a third
Sigerr] :
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coating, and finally a third organosilicon coating. The total thickness of
the coatings was 1.0 mcron. Both PC 190 and PC- 230 sanpl es were resistant
to NVP with this alternate coating technique. -7- WO 97/ 13802 CLAIMS: 1.
A | am nate which conprises: a) a plastic substraLe having a surface; b) an
adhesi on prwowiexsed ayer which is & SEE TPHR§'BEEN | ymer i pedssegsmasi | i con 5
conpound deposited on the surfacg %ﬁg‘lﬁe tratgd at a power | evel
sufficient to create an interfac reaeti on for adhesion and in

t he substantial absence of oxygen, and c) a protective coating |layer which

is |layer of g E@pond pl asma pol yneri zed organosilicon conpound deposited on
the surface® e adhesion layer at a 10 power density from
10[ err] J/ kg to 10Aaminptevhiclycomprisksi n t he presence of a higher |evel of

oxygen than used |na)sat¢ﬁgt,°(gagsmgha\;[mgu%nate of Caim1 which further
conprises an Si(Jer l. asma I‘IZ third

or ganosi | i con corrpo@]rfaa%'%?'?'@?}”dﬂef% 8'8‘"5%/”%? graqnogjjcon o
protecti$e coati ng tempeund deppsitedon theeudace of e substrgleat apowerieiel sulliciemtess of

oxygen, and at a pO%ite&rﬁnteﬁB%ﬂﬁthMmﬂiea&ﬁmk&ﬁ&ks:&d’!n&ﬁtﬁéﬁb&&%r density used *
to formthe protective cgﬁlngaggyer 3. The lamnate of Claim2 which

further conprises a8 ers of the protective coating |ayer and
the Sierr] [|ayer. c)profécivel cating layer which i lnyerof a @cendipiasma palyn@rizelder ei n t he

organosi | i con pol yn‘StbinoEihh%ﬁc&ﬁ ﬂalmmltmﬁdc;a%ﬁaﬁesﬁa er' P&iependent ly

sel ected fromthe grou d P,n &g’h ir’;la § ane

met hyl t r'iPnet hoxysi I & H‘@ﬁ?g%? %an yf‘*f ﬁ%ﬁé@f qvelob

di et hoxydi et hyl si | meentmqasdlowmtbhoxym | ane, triethoxyvinylsil ane

tetraethoxysi | anQ‘ Tdémtnhexmahh%ﬁhm&uér%b&.ﬁa&,anmw&twhmetamxaﬁ&I | ane,

3-glyci doxypr + tho (S Ic%%?%ngﬁ%m%h% eoqw& opgt hoxysi | ane,
eny OXye

di et hoxymet I‘u’o "IPane
phenyl tri et mwmewaﬁ@s '%’%%B%WGH?WPMW@W%MW’F-&FFE%‘HW'S| | oxane,
hexamet hisl didenhsitpetatieast twice tHapowetldenslyusei . jormitid pratdctivedtdtifylager! azane. 5. The

aminate of any of <6 Al b 1S WHAGHAN obliiedl HARARY kiR RhaidRS ! D2t

are plasna ynerized are B 4’etT anet hy am nat e of
any of d ai ﬁﬁa"ﬂgPU’B"W%Wr'ﬂy"fhe substrate is a carbonate pol yner which
conpri ses repeat 4iThé Bmingteat ang attlaims 1 praovhewin tief organesilicdngaiyners hatageir sor Wit h

an aromat i C plasma polymerized are each independently selected from the group consisting of
20  dimethoxydimethylsilane, methyltrimethoxysilane, tetramethoxysilane, methyltriethoxysilane, -
diethoxydimethylisilane, methyitriethoxysiians, tristhoxyvinyisilane, tetraethoxysitane,
dimethoxymethyiphenylsilane, phenyitrimethoxysilane, 3-glycidoxypropyitrimethoxysilane,
3-methacryloxypropyitrimethoxysilane, diethoxymethylphenyisilane, tris(2-
methoxyethoxy)vinylsilane, phenyltriethoxysilane, dimethoxydiphenyisilane,
25 tetramethyldisiloxane, hexamethyldisiloxane, hexamethylsilazane, and tetramethylsilazane.

5. The laminate of any of Claims 1 to 4 wherein the organosilicon polymers that are
plasma polymerized are each tetramethylkdisiloxane.
6. The laminate of any of Claims 1 to 5 wherein the substrats is a carbonate polymer
which comprises repeat units of a reaction product of a carbonate precursor with an aromatic
30 diol _ .
7. The laminate of Claim 6 wherein the aromatic diol comprises resorcinol, catechol,
hydroquinone, a dihydroxynaphthalene, a dihydroxyanthracene, a bis(hydroxyaryl) fluorene, a
dihydroxyphenanthrens, a dihydroxybiphenyl, or a bis(hydroxyphenyl} propane.
8. The laminate of Claim 7 wherein the ratio of the repeat units of 8,9-bis{(4-
35  hydroxyphenyl}fluorene and bisphenol A is from 40:60 to 70:30.
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30 diol. 7. The lam nate of Claim®6 wherein the aromatic di ol conprises
resorcinol, catechol, hydroquinone. a dihvdroxynaphthal ene, _a

di hydr oxyant hracene, a bi s(hydroxyaryl) fluorene, a di hydroxyphenant hrene,
a di hydr oxybi phenyl, or a bis(hydroxyphenyl) propane. 8. The Ianinate of

Claim7 whe rati o of the tg t bi s
hydroxyphen@ﬁ)’?ﬁlﬁfene and bi spher{eﬁ-ﬂg R%EgWAgé\g%Q%i l‘m:"V\D

97/ 13802 9. The | anmi nate of any oflClalns I'l WARYY at re|n t he T[err] of the
substrate is not |less than 180C and not greater than 240[err]C, and the SOC
of the laminate is not |ess than -1000 Brewsters and not greater than 1000

Brewst ers, whi ch 9 aha laminate ofanp pitGlaird 1 tg 7 wherain the Tof thd subsFaie &tridt wdai Ch

conpri ses: ?’mn 180°C and not %reat@réha? a?&é%b fhe §P€%{ tﬁ@ﬁlﬁﬁg@é{ﬁﬂﬁ% umpr face and a

t hi ckness o ) an adhesi on
pronot er | ayt0 ﬁﬁl"i’ﬁsf’%‘“ﬁ" ?fP%%’ﬂﬁ“éWW?eWéﬂ"ﬂ%’ﬁéﬁ PRiFYY dedrox ane
deposi ted on t he1s wsibmioate ohicti dompagiast.rate i n t he substantial absence of

0xygen. yhi ch adhesiyfhhdiRls iR Auldb SIVRBals I B b ARG, 10

1000 A and not nore_than q) rotective coa
pl d&sma pol yneri zed ?‘&Wﬁ‘g?mm'gm oxane deposited on the surface of the

adhesi on pronot er | byeedwsiomprrooterayeravhich is\a plasmapolyilefized] J/ kg to 10[err]
J/kg in the presencﬁt%ﬁ?}dﬁ%ﬂe@eﬁdﬁﬁe}g%%%m:gé@wesﬁbsﬁéls(ﬁﬁﬁe e A

respect to tetranet oxane orm an or ganosi d 15

havi ng the for nul a a%ﬂ°’\-ﬂ[’%’?9“i’"ﬁ?a‘t"°‘8’6?ﬂ°&ﬂ?ﬁbs§'hﬁpped wat er
and at [®ast one oft00f ahd)hdtmmemynﬂmoétlonal groups: -Si-0OSi-,

-Si-CHerr]-, -Si-Hy a%a@eoaﬂn PRk & nss.aa%%&sé&mmm% pective

coating layer is no es % n and not greater m crons;
and d) an Sigerr] ‘%"5‘;’/ E\’M‘LF%W"F‘? %'E% 3‘{7§?‘°"@f°"§"°;5
t et ramet hyl di si | oxat8rgto 10° Jikg in the Presen@@pawﬂtc@dstﬁchbham;mgoe of t he
protective coating &xgyentwith reapachSteasrﬁmmxme t@foﬁmcﬁ@n Jdoﬁp&ﬁﬂ&ess of
oxygen, ?nd at a pq‘watelr ?_, o%‘glgl @f E I eﬁ ti nmes t vver density
used to form the protagtrvaridSPrateCres 'eﬁ" a’f‘%‘é“’g‘? fdatayer has a
t hi ckness of not | geast ?’}?d’ﬁthehwwﬂdHG"P%tSl-@'%atSeBHi-ha’rH or -8iQM;0N. :

wherein the thickness of the protective coating layer is not less than 0.1 micron

and not greater than 2 microns; and

d) an SiO, layer which is a layer of a plasma polymerized tetramethyldisiloxane

20 deposited on the surface of the protective coating layer, in the presence of a -

stoichiometric excess of oxygen, and at a power density of at least four times the.

power density used to form the protective coating layer, wherein the SiO, layer

has a thickness of not less than 0.1 micron and not greater than 1 micron.

-
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