Forgery-proof security features in security or value documents The present invention relates to laminar
structures consisting of thermoplastic layers containing printed security features together with a process
for the production thereof and their use to increase protection against forgery in security or value
documents, preferably 5in identity documents. Watermarks as an identifying feature in postage stamps
and as a means of increasin Proteqtion against forgery in banknotes, for example, are generally known.
They are incorporateé e paper sheets ¢ anufacturing stage pich that the fibrous layer of the
paper is thinner or thicker in the region of the watermark and the so-called watermark 10appears as a
more transparent Shanis B aauiivragelsiter thengapertischsry wprrostie lighthNmowIgsoo0ats describes

the incorporation gf s@icAled watelBaiks (i Blasicmefor @xarpRie Rlastiaautinayeh aampesitgs or
laminates. This is done by embossing them with an embossing stamp, as_ a result of which - as in paper

production - thinn&FHne e HRKEF 1 BHE SSHO D ASAICE EP IR RIAECPILEEE MG -TogBreBih podite Which reveal
the 15correspondingdenagelwhereibe composite is held up to the light. However, watermarks of this type
do not provide adequate protection against forgery, particularly in the case of identity documents such as

for example identity gardsKRasSRPTS AN HLedil RS, p&&%ésaaihigsm@eatﬁqgﬂﬁrw@nm@amgr or the

laminate composite and replace the individual identification features, whilst the embossed watermark can
remain 20 unchaRGRerHhASABELREH WHR PRSI A GARRS it #RESEISEAM P ail s Vinfigtected.
There is thereforeiacdgsiradodincntasephsipatectibnmisichdogumentsiag dinsthtofigesyshyyeiedns of
watermariclie seguriy featuigs which gan,ne personalised such nak e subseduensybstilyfion of the
individual identification features can be detecte eby%omparlson with the watermark-like security feature.
25Howevel) the ugepefrentfossingrarsearaiansofdreenporatisg ridivibaarsedatin)faatiords, lightsuch
security features which in an extreme case can vary in every single security document, is not possible or
is possible only atNInacesepbtable cdstcshtcetia Saparaiatembossingl siampsratitsbatngesedsdofoeach
individual design and the resultin urity feature would offer inadequate ima uality,and hence
distincivences. AT Boaee e ot Lol S e A B R e the
process of sealingra sabovitpostvalicsocasmbmiofhivs typeimppeferabhdigéntity dooument, tsisshras for
example the 'ami'?@gl%ﬂsC’fa?eliéhlﬁ\é@r GoMmRosite %‘ie@l?é’%ﬁﬁt?ﬁé?&er%wﬁ%dt\é'“%%b%@@aﬁaméged-

5The object underlying the present invention was therefore to provide a simple means of
15 corresponding image when the composite is held up to the light.

However, watermarks of this type do not provide adequate protection against forgery,
particularly in the case of identity documents such as for example identity cards, passports
and credit cards, because it is possible to open up the layer or the laminate composite and
replace the individual identification features, whilst the embossed watermark can remain
20 unchanged in the document when it is sealed again so that the forgery remains undetected.
There is therefore a desire to increase the protection of such documents against forgery by
means of watermark-like security features which can be personalised such that a
subsequent substitution of the individual identification features can be detected by

comparison with the watermark-like security feature.

25 However, the use of embossing as a means of incorporating individual security features,
i.e. such security features which in an extreme case can vary in every single security
document, is not possible or is possible only at unacceptable cost, since a separate
embossing stamp would be needed for each individual design and the resulting security

feature would offer inadequate image quality and hence distinctiveness.



incorporating a personalisable security feature into a laminar structure consisting of plastic layers which
survives the sealing process for the resulting security or value document without being damaged. This
object was achieved according to the invention by laser-printing a watermark as a 10 security feature of
this type onto an uncoated side of a plastic film within the laminar structure in such a way that it can only
be detected in detail when the laminar structure is held up to the light but is undetectable or considerably
more difficult to deéte WHSH ST aét?ﬁrf‘ﬁﬁajﬁ%gwéﬂyf%WﬁGﬁd\féhﬁ(énSé@‘éﬁ 14SEP Pt to apply
the watermark allpuns ¢heo$eealiity deatureytobe jpersanalisedf wiile/at, thefsaitie tdneithdqorinted, image is
Loresistant to expgs! r%t?o?%§£8L§1fé"t%et*}§n!ﬂ{£}&%%t.'qnap %ﬁ?_?g-embsms%'é{ ©Of} a?e‘:v%@&”%&%e%?u'ﬂéxe“t'on IS
all the more surprising because until now plastic films have gen prlrﬁ)te preéomlnanty y means of
analogue printing WigwisdsindHnagedifset, gravure or screen printing for example. Depending on the
plastic film used, the films have to be pretreated in an appropriate manner for analogue printing methods.
In the 20 case of padyai@fin dilds]yiar ekampienthevsuiface andrgyf@t theditmdas topé:inereased by flame
treatment or plasa Jisgiment forLexamplR Refare ILRRIAIGY- InAdden. the.spalisaion oLk In
analogue printing methods IS re atlvenﬁ/t |cﬁ, whicR means that solvents or similar constituents cannot be
removed completédydromilts mkviagerlmeephay masam fethecinksTihrecysasy/the Tiesdefasestd peel or
swell. However, a\prgtiaaimentafagm such plastic films for use in security documents is a weak point in
the sealed, generally laminated laminar structure, by means of which such a document can be opened
subsequently. A laser printed impression also has the following advantages over other digital printing
methods: very Goo S T o A Pt
sunlight, alfropersgawhichfesinronly ths datvievee withnerget pridters bylasingispesidiinkes lasepprinting
costs are considetghblRneiyaRd (e lifeimeaf dhe Bingesds siapificantiy highenihandhakel jokiet
printers for example. In addition, laser printers can go for Io.régg;ar iﬁ‘f?mds without the need for

maintenance, sind¥Hd*BANABE NG P dHgLAES AR Sceehsidedbien Mt SRttErodrtestaisiethe

storage life of tonesmfiour|lasestpnterk iscdansidesatdy Toagee it cowinalison. tb hpplpresentdaverntion
therefore prOVIdesﬁﬁo@mWezsre%ﬁirliltgt é%h%@a%r%ée%?%%#ﬂ%%&at hinaR %Eées%f#eot'{‘e f'tsf;téfr‘%?édc%?ﬁs%[é%‘g of at
least one thermop astlc and at least one fli er. nad a UI’- él’ ayer consisting of at least one rmoplastlc
and at leasb one fifksts{afillédicknpspst)tofhicid fillegitheylenynyepe prasderced from at least one first plastic film
consisting of at least one thermoplastic and at least one filler and at least one further plastic film
consisting of at 1Q@Heastane thesmoplastic andaideasiione fillee (ifilledifidbsiinwhergindbepnesn the two
iled ayers there 53 I£A% RIS, AR ARRISHY 3561 R 1N 10 975 QB AIBALC,p oed nthe
offset, gravure or screen printing for example. Depending on the plastic film used, the
films have to be pretreated in an appropriate manner for analogue printing methods. In the
20 case of polyolefin films, for example, the surface energy of the film has to be increased by
flame treatment or plasma treatment, for example, before it is printed. In addition, the
application of ink in analogue printing methods is relatively thick, which means that
solvents or similar constituents cannot be removed completely from the ink layer and may
remain in the ink. This causes the film surface to peel or swell. However, a pretreatment of
25 such plastic films for use in security documents is a weak point in the sealed, generally

laminated laminar structure, by means of which such a document can be opened

subsequently.

A laser printed impression also has the following advantages over other digital printing
methods: very good print quality is combined with a high print speed. The impressions are
30 resistant to sunlight, a property which can only be achieved with inkjet printers by using

special inks. Laser printing costs are considerably lower, and the lifetime of the printers is



Within the context of the invention a watermark applied by laser printing is understood to be a laser
printed security feature which is discernible to the observer only on holding the 15 laminar structure up to
the light, in other words to the human eye this security feature is more clearly discernible by holding the
laminar structure up to light in the visible wavelength range from 380 nm to 780 nm than by viewing the
laminar structure from above under incident light. When the laminar stru%ure is viewed from above with

no back light, this SEE{E ke BtaRe b8 et g REBRE I S HHLRRIT AN LR R TR BeEEEC 20 This
property of the seturibnfeauredcedataingto itel ifvventiorisncarsiparablewiith canfehtionatlvsatermarks.
However, within t%%&?,”{(?)%tviﬁ{ E'ﬁﬁ'&?ﬁﬁﬁ{e‘}s' ’%X?@QOJ}PEQ?T’@‘%%%QKH% 'HF?J;R&Ea%&%@%? [&?1% material not by
creating thinner and thicker reglorls in the materlaf\, or example By embossing, as wit e‘<nown
conventional watetpréfesathuldpgdaseiopiatifgonto the film that is used. 25The watermark(s) can be laser
printed onto at least one of the two filled films Alternatively the laminar structure can have at least one
further layef consistingrefeat laasitanelibermoplasit:betivaanithedwaadileddeayersd\wherein thisdayer

between the two f'llle laye as roduced fro tatraps ar nt Ialsti%: film cqQ sistin Of-ﬁ.t least one
thermoplastic. onts aomE T T fes e A ey peliopttc did st Jet gt 388 o a

least 65%, particularycprarersbhyisineast8tvstamd themustparicudaiyepredeerétca fmbbelintents it least
90%. The thermoplagticrafethe filled laygrQiutha E@M%rab%wesﬁhth%msﬁﬂ&emw@ﬁiﬁm% Uity

independently preferably be at least one thermoplastic selected from E%olymers of ethylene- 5unsaturated
monomers and/orBSIESRaBRs A bHR QS ARl RId REmMBOINEST BES S Capitiesiohd it can be
advantagelus to usstaotranspargiidhemmoptastia. farticlelatyisedtdides thexmoplasiicscaaretpolycarbonates

or copolycarbonalgs hased.qn dinhenpls, RalY:, of.coRelyAGRIes Ad pAlY: L. caRONMEgeylates such
as for example and pre ra_ll%ly polymethyl methacrry}Pate, 5’8 ymers or copolymers with styrene such as for
10 example and préferapdyidngpadetitopolystyrene or polystyrene acrylonitrile (SAN), transparent

thermoplastic polyurethanes, and polyolefms such as for example and preferably transparent
polypropylene typ®&sithinpaly obefins dasednoaneyelic wiefmaile gpTEaPASE)r ptaeichst upodystesd to
copolycondensat %%flé%ég h”%é"‘é'%e%ﬁ}ﬂ P 8%?“%SV]; (R R IRLE A0 R BN PO ST FoREtylene
terephthalate (PET or Co , glycol-modifie
15 laminar structure up to the light, in other words to the human eye this security feature is
more clearly discernible by holding the laminar structure up to light in the visible
wavelength range from 380 nm to 780 nm than by viewing the laminar structure from
above under incident light. When the laminar structure is viewed from above with no back
light, this security feature is either undetectable or substantially more difficult to detect.
20 This property of the security feature according to the invention is comparable with
conventional watermarks. However, within the context of the present invention the
watermark is incorporated into the material not by creating thinner and thicker regions in

the material, for example by embossing, as with the known conventional watermarks, but

by laser printing onto the film that is used.
25 The watermark(s) can be laser printed onto at least one of the two filled films.

Alternatively the laminar structure can have at least one further layer consisting of at least
one thermoplastic between the two filled layers, wherein this layer between the two filled
layers was produced from a transparent plastic film consisting of at least one thermoplastic,

onto which the watermark(s) is (are) applied by laser printing.

30 Within the context of the invention the term transparent is understood to mean that the

light transmission of this film in the visible wavelength range from 380 nm to 780 nm is at



15 PET (PETG) or poly- or copolybutylene terephthalate (PBT or CoPBT) or mixtures of the above.
Polycarbonates or copolycarbonates are most particularly preferred, in particular those having average
molecular weights Mw of 500 to 100,000, preferably 10;600 to 80,000, particularly preferably 15,000
to 40,000 or blends thereof with at least one poly- or 20 copolycondensate of terephthalic acid having
average molecular weights Mw of 10,000 to 200,000, preferably 26,000 to 120,000, In particularly
preferred em bodirﬁéﬂtg %{"th%r?ﬁ%'ﬁ]ﬁoﬁtthe@%Igﬁ%’ispﬁ%fgml%fpﬁ%ﬁ%ﬁ%&ﬁ&Fé‘sérgcoc{bé’l%dfbgﬁ’éfe with
poly- or copolybutyletie:tete phthaledenbudhmarinendtof potgcarbonate or copolycarbonate with poly-or
copolybutylene terephthalate can preferably be a blend with 1 to 90 wt.% polycarbonate 25 or

copolycarbonate angd 8Aa.L%Wk %r RRIYH1RH €aRPRHMISRE tereRAhRIRR, ﬁﬁ@&q?bﬁya@m&tﬁ@lgﬁ wt.%
polycarbonate and 99 to 10 wt.% ép?i.gr)al%/butylene terephthalate, the proportions adding to 100 wt. %. Such a

blend of polycarbdAHRBIEIS ALSHTOn Bt Wi Uly- 5T RS PBRIS I Refre! {EPBLPRAARSES Uy ik ularly
preferably be a blenchwititc2hion8mant. % otyeasloondies ar cop dlifcarhondte:ana S0ciapbhnat. 95 @oly- or
copolybutylene 30Q terepht ala%te sprefer%te)lé/dwith 20 to §5 wt.% Jaggé\écarttﬁg%e nsg 80 to 15 wt.%

s it t :
polybutylene teregﬁt aé?fl%p, %%ael%robgﬁt?ons a\aacﬂr?éet%ui OOuS\?t?O}or. ch a blen p(l)ﬁycarbonate or

copolycarbonate with paly- or copolybutylene terephthalate can most particularly preferably be a blend

with 35 to 80 wt.od PoiyHATEoR4tEOGT CBpBINRATHENATS ANE BB 26 Welos PRAY- B eBHsT Batiiens

terephthalate, pretepablylwifol35d0cB8Poviaboypoly catbpsigieantd @9rieREwides pabbatylenedepphthalate,

; ; o ; :
the proportions adglig, 0,100, w4, IR releiied eibodiments romatic olyeathoNAes Ot s
copolycarbonates are' particutarly Suitable as polycarbonates of copolycarbonates. 1he polycarbonates or

copolycard@natescsamble limdaptaibiphhcHeaipaseknowiysivaamsepr Thel ystpdoetiornadéniase polearbonates

can take place in gxpeymhmannaniiamndiphenlsacarbamic aeidhdenivatyas. aptgnally,ahrintgrminators
and optionally branchlngﬁagents. 10 Detalls of the production of polycarbonates have been set out in

many patent specHiERtioHE P8THE B0 ¥TBURS OGRS BY Ry Uf dakiphe ’iterénte I Hiadé fere only
to Schnell, "ChemizdyAsid Physics pbRolcaspapaiesinRely e Revies aVidlsime 2 fotesseiphce
Publishers, New York, Landon, Sydney 196 . Freitag, .U, Gri . r, H. Nouvertne', BAYER
AG, "Polycarbonalia I EHE b Oasa o et S B o NS g
Edition, 1988, pad8sle#8-7aBoapelfirmlkppolDreyynGritpohaldiedBdr eirfdoPBR). molisiutPopfdhebonate” in
Becker/Braun, KugststoffHandbuch, Volume 3/1, Polycarbonate, Polyacetale, Polyester, Celluloseester,
Carl Hanser Verlag Munich, Vienna 1992, pages 117-299.

Polycarbonates or copolycarbonates are most particularly preferred, in particular those

having average molecular weights My, of 500 to 100,000, preferably 10,000 to 80,000,

particularly preferably 15,000 to 40,000 or blends thereof with at least one poly- or

20 copolycondensate of terephthalic acid having average molecular weights My, of 10,000 to

200,000, preferably 26,000 to 120,000. In particularly preferred embodiments of the
invention the blend is a blend of polycarbonate or copolycarbonate with poly- or
copolybutylene terephthalate. Such a blend of polycarbonate or copolycarbonate with poly-
or copolybutylene terephthalate can preferably be a blend with 1 to 90 wt.% polycarbonate
25 or copolycarbonate and 99 to 10 wt.% poly- or copolybutylene terephthalate, preferably
with 1 to 90 wt.% polycarbonate and 99 to 10 wt.% polybutylene terephthalate, the
proportions adding to 100 wt.%. Such a blend of polycarbonate or copolycarbonate with
poly- or copolybutylene terephthalate can particularly preferably be a blend with 20 to
85 wt.% polycarbonate or copolycarbonate and 80 to 15 wt.% poly- or copolybutylene
30 terephthalate, preferably with 20 to 85 wt.% polycarbonate and 80 to 15 wt.% polybutylene
terephthalate, the proportions adding to 100 wt.%. Such a blend of polycarbonate or

copolycarbonate with poly- or copolybutylene terephthalate can most particularly



Suitable diphenols can for example be dihydroxyaryl compounds having the general 20 formula (1)
HO-Z-OH (I) wherein Z is an aromatic radical having 6 to 34 C atoms, which can contain one or more
optionally substituted aromatic nuclei and aliphatic or cyélealiphatic radicals or alkylaryls 25 or
heteroatoms as binding links. Examples of suitable dihydroxyaryl compounds are: dihydroxybenzenes,

dihydroxydiphenyls, his-(hydroxyphenyl) alkanes, bis-(hydroxyphenyl) cycloalkanes, bis(hydroxyphenyl)
aryls, bis-(hydrox%ﬁ%ﬁ;h%%ﬁear)s{ieﬁ?é-m%r%&%ﬁ&n%%?eﬁ%é%&ﬁf?(ﬁy%‘r&% 8?(;'?8%%@;,65 0
bis-(hydroxyphenyl) sutféhesolpis-fnydopxiyploemyiy sufepidedstc] , PrbliseblydrexypAényd) 80 wt.%

diisopropylbenzeries, apyd e ing-alkylased,and Hngihaledeneted samaoynds, isiel, These,agd other

suitable dihydroxyparyl compounds are describe ple In FR-A 1 518, in H.
Schnell, Chemistry%8nttPhysics of Polycarbonates, 5 Interscience Publishers, New York 1964, p. 28 ff.;
p.102 ff. and in D.G. Legrand, J.T. Bendler, Handbook of Polycarbonate Science and Technology, Marcel
Dekker New Y ork120@0fdgaed2-fhbPdeferie chainydeopyiatylieanpouvndsaiedob @xample nesacaino;
4,41-dihydr0xydip£1uelﬁ1_\6ib s polycarbonates or copolycgrbonates.
bis-(4-hydroxypheny3me?h ng,%ls-?g%-dlmetﬁyf—ﬁ-ﬁycﬁoxyphenyfimethane,bis-(4- 10hydroxyphenyl)
diphenylmethane, 1,1 -bis-(4-hydroxypheny1)-1 -phenylethane, 1,1 -bis-(4- hydroxypheny1)-1 -(1
-naphthyfiethane, 1'% PBIECARIO MO ARaR 50 aes fahRtHiNSateL AEnshs A SRy B BReny ) propane,
2,2-bis-(3-methyl-4-hydroxyphenyfipropane, 2,2-bis(3 ,5 -dimethy1-4-hydroxyphenyl)propane,
2,2-bis-(4-hydroxyptemydictionpichytp spared ndtehign faks/plasryp hdmpr)hesefiu droprdphems]s,
2,4-b!s-(4-hydroxy&hf&ﬂék&%ﬁ%%gf@a&i chisi (Rendimathiad Rysrony Bhgiyis 2 methylbutane,
1,1-bis-(4- hydrox henyl}c clohexane, 1,1 -bis-(3 ,5-dimethy1-4-hydroxyphenyficyclohexane, 1,
1-bis(4-hydPoxypheriy-al e fgiriinnekasisca bomsies Dk Ry s ahPee Bsepy s atis
1,11-bis-(4-hydroxypheiy hxt34diisapropythanzens, df, #labisk4chyreioxyp hady hie4- diigaprogylbienzene,
1,3-bis-[2-(3,5-dimethy1-4-hydr, henyl):2-propyl]-benzene, biss(4-. 20 OXYp, Dether,
i (- hycroypherg Tl B st S A oner B sy AT o SRS Sulfone
and 2,2',3,3'-tetrafiydhob8rs, JGt-té trdumethgdnl Sy depirb¥id1td-denehrs, §-divizor 8ingdMieipHenyl
cycloalkanes haV'NQJO@Tth,mB'I@Y(ﬁ?) AG, "Polycarbonates" in Encyclopedia of Polymer Science and
15 Engineering, Volume 11, Second Edition, 1988, pages 648-718, and finally to Drs. U.
Grigo, K. Kirchner and P. R. Miiller "Polycarbonate" in Becker/Braun, Kunststoftf-
Handbuch, Volume 3/1, Polycarbonate, Polyacetale, Polyester, Celluloseester, Carl Hanser

Verlag Munich, Vienna 1992, pages 117-299.

Suitable diphenols can for example be dihydroxyaryl compounds having the general

20 formula (I)

HO-Z-OH ()

wherein Z is an aromatic radical having 6 to 34 C atoms, which can contain one or more
optionally substituted aromatic nuclei and aliphatic or cycloaliphatic radicals or alkylaryls

25 or heteroatoms as binding links.

Examples of suitable dihydroxyaryl compounds are: dihydroxybenzenes,
dihydroxydiphenyls, bis-(hydroxyphenyl) alkanes, bis-(hydroxyphenyl) cycloalkanes, bis-
(hydroxyphenyl) aryls, bis-(hydroxyphenyl) ethers, bis-(hydroxyphenyl) ketones, bis-
(hydroxyphenyl) sulfides, bis-(hydroxyphenyl) sulfones, bis-(hydroxyphenyl) sulfoxides,



(la) R1 and 122mutually independently denote hydrogen, halogen, preferably chlorine or bromine, CI-Cs
alkyl, C5-C6 cycloalkyl, C6-C10 aryl, preferably phenyl, and C7-Ci2 aralkyl, preferably phenyl-Ci-C4 alkyl,
in particular benzyl, 5mdenotes a whole number from 4-t6-7, preferably 4 or 5, R3 and 124which can be
chosen individually for each X, mutually independently denote hydrogen or C1-C6 alkyl and 10Xdenotes
carbon, with the proviso that on at least one X atom R3 and 124 both denote alkyl. In formula (la) R3 and
R4 are preferably bot 12\11@1%??‘?5?3@?@\&&%5%&%%?&@88Iﬁlredﬁlﬁ@%ﬁéeg(aﬁ 21815 Bieterred
alkyl radical for rackegisur3samaed24 in formula (1a) is methyl. The X atoms in the alpha position to the
diphenyl-substituted C atom (C-1) are preferably not dialkyl substituted, whereas alkyl disubstitution in the

beta position to Chigdariesred.suidtasticiarx prefeciad dinvdrexydipheny ksyciaalkanapiraxing formula
(la) are those 20havmg 5 and 6 C-ring X atoms in the cycloaliphatic radical (m =4 or 5 in formula (la)), for
832 396, FR-A 1 56T 518, in H. Schnell, Chemistry and Physics of Polycarbonates,
5 Interscience Publishers, New York 1964, p. 28 ff.; p.102 ff. and in D.G. Legrand, J.T.
Bendler, Handbook of Polycarbonate Science and Technology, Marcel Dekker New York

2000, p. 72 ff.

Preferred dihydroxyaryl compounds are for example resorcinol, 4,4'-dihydroxydiphenyl,
bis-(4-hydroxyphenyl)methane,  bis-(3,5-dimethyl-4-hydroxyphenyl)methane,  bis-(4-

10 hydroxyphenyl) diphenylmethane, 1,1-bis-(4-hydroxyphenyl)-1-phenylethane, 1,1-bis-(4-
hydroxyphenyl)-1-(1-naphthyl)ethane,  1,1-bis-(4-hydroxyphenyl)-1-(2-naphthyl)ethane,
2,2-bis-(4-hydroxyphenyl)propane, 2,2-bis-(3-methyl-4-hydroxyphenyl)propane, 2,2-bis-
(3,5-dimethyl-4-hydroxyphenyl)propane, 2,2-bis-(4-hydroxyphenyl)-1-phenylpropane, 2,2-
bis-(4-hydroxyphenyl)-hexafluoropropane, 2,4-bis-(4-hydroxyphenyl)-2-methylbutane,

15 2,4-bis-(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,1-bis-(4-
hydroxyphenyl)cyclohexane, 1,1-bis-(3,5-dimethyl-4-hydroxyphenyl)cyclohexane, 1,1-bis-
(4-hydroxyphenyl)-4-methylcyclohexane, 1,3-bis-[2-(4-hydroxyphenyl)-2-propyl]benzene,
1,1'-bis-(4-hydroxyphenyl)-3-diisopropylbenzene, 1,1'-bis-(4-hydroxyphenyl)-4-
diisopropylbenzene, 1,3-bis-[2-(3,5-dimethyl-4-hydroxyphenyl)-2-propyl]-benzene, bis-(4-

20 hydroxyphenyl)ether, bis-(4-hydroxyphenyl)sulfide, bis-(4-hydroxyphenyl)sulfone, bis-
(3,5-dimethyl-4-hydroxyphenyl)sulfone and 2,2',3,3'-tetrahydro-3,3,3',3'-tetramethyl-1,1'-
spirobi-[ 1 H-indene]-5,5'-diol or

dihydroxydiphenyl cycloalkanes having the formula (Ia)

R’ R'

Ho{}cv{}w

R* N/ R
=Y R
(Ia)

25 wherein



example the diphenols having formulae (Ib) to (1d), (la-1) (lIa-2) (la-3) 5A most particularly preferred
dihydroxydiphenyl cycloalkane haying the formula (la) is
1,1-bis-(4-hydroxypheny1)-3,3,5-trimethylcyclohexane @rmula (la-1) where R1 and R2 are equal to H).
Such polycarbonates can be produced in accordance with EP-A 359 953 from dihydroxydiphenyl
cycloalkanes haying the formula %% 10Particularly preferred dihydroxyaryl compounds are resorcinol,
4,41-dihydroxydipﬁeﬁ?ﬂ‘e,%is-(ﬂﬁk} Qyﬁ?‘fl@ﬁ%dc?ﬂﬁ%ﬁm& é‘i’{&gen’ %a%gen’ preicrably Chﬂ)rme or
1,1-bis-(4-hydroxyphenyl)-1-phemnylethan€s big{d-hydroxyghaihyll }1-(1;naphphyfoetbiandenyl, and
bis-(4-hydroxypheny1)-1-(2-napht p%ﬂ(a@e - isé I% pl X Qﬁn l?ﬁ’r pane 1
2,2-bis(3,5-dimethy1-4-hydroxyeﬁr?g%;eprgﬁgﬁ%%fl,gly i|%se %-f@ggxyggenﬁﬁc%agﬁg%z €,
1,1-bis-(3,5-dimethy1-4-hydroxyphenyl)cyclohexane,

5 m denotes a whole number from 4 to 7, preferably 4 or 5,

R’ and R? which can be chosen individually for each X, mutually independently

denote hydrogen or C;-C¢ alkyl and
10 X denotes carbon,

with the proviso that on at least one X atom R* and R* both denote alkyl. In formula (Ia) R

and R* are preferably both alkyl on one or two X atoms, in particular on just one X atom.

15 The preferred alkyl radical for radicals R® and R* in formula (Ta) is methyl. The X atoms in
the alpha position to the diphenyl-substituted C atom (C-1) are preferably not dialkyl

substituted, whereas alkyl disubstitution in the beta position to C-1 is preferred.

Particularly preferred dihydroxydiphenyl cycloalkanes having formula (Ia) are those
20 having 5 and 6 C-ring X atoms in the cycloaliphatic radical (m =4 or 5 in formula (Ia)), for
example the diphenols having formulae (Ib) to (Id),

oo T o
I

(Ia-1)



151,1-bis-(4-hydroxypheny1)-3,3,5-trimethylcyclohexane,1, E-bis-(4-hydroxypheny1)-3-
diisopropylbenzene and 1,11-bis-(4-hydroxypheny1)-4-di sopropylbenzene. Both one dihydroxyaryl
compound with formation of homopolycarbonates and al8e various dihydroxyaryl compounds with
formation of copolycarbonates can be used. Both one dihydroxyaryl compound having formula (1) or (Ia)
with formation of homopolycarbonates and also several dihydroxyaryl compounds having formula (1)
and/or 5 (la) with formation of copolycarbonatgs can be use%The various dihydroxyaryl compounds can
be connected together either randomly or in blpocks. In the case of copolycarbonates of dihydroxyaryl
compounds having formula (1) and (Iap'we [ hyo xya@/I compounds having formula (la) to
the other dihydroxyaryl compounds having 1Q 7 op (%ally also be used is preferably
between 99 mol% (la) 10 to 1 mol% (1) and mol% (1), preferably between 99 mol% (la)
to 1 mol% (1) and 10 mol% (la) to 90 mol% (1) RAd i flisuldé ‘between 99 mol% (la) to 1 mol% (1) and 30
mol% (la) to 70 mol% (I). A most particularly preferre% carbonate can be produced using
1,1-bis-(4- hydroxypheny1)-3,3,5-trimethylcyclohexane 2,2-30is-(4-hydroxyphenyl)propane as 15
dihydroxyaryl comédhds having formula (1a) and (1). Suitable carbonic acid derivatives can for example
be diaryl carbonates compounds having the general formula (II) wherein 20R, R' and R" are the same or
different and mutually independently stand forRiydrogen, lineaf or branched CI -C34 alkyl, C7-C34
alkylaryl or C6-C34 aryl, R can also denote -£0Q-R", whepeifiR" stands for hydrogen, linear or branched
C1-C34 alkyl, C7-C34 alkylaryl or C614;34 m ferred s nates are for example diphenyl
carbonate, methylphenyl phenyl 25 carbonates-=s i(mettydphenyl) carbonates, 4-ethylphenyl phenyl
carbonate, di-(4- ethylphenyl) carbonate, 4-rx:prop | phenyl carbonate, di-(4-n-propylphenyl)
carbonate, 4-isopropylphenyl phenyl carboﬁqlgc i{(4-isopropylphenyl) carbonate, 4-n- - 10 -

CH,

H,C

(Ia-3)

5 A most particularly preferred dihydroxydiphenyl cycloalkane having the formula (Ia) is
1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane (formula (Ia-1) where R' and R* are
equal to H).
Such polycarbonates can be produced in accordance with EP-A 359 953 from
dihydroxydiphenyl cycloalkanes having the formula (Ia).

10 Particularly preferred dihydroxyaryl compounds are resorcinol, 4,4'-dihydroxydiphenyl,
bis-(4-hydroxyphenyl)diphenylmethane, 1,1-bis-(4-hydroxyphenyl)-1-phenylethane, bis-
(4-hydroxyphenyl)-1-(1-naphthyl)ethane, bis-(4-hydroxyphenyl)-1-(2-naphthyl)ethane,
2,2-bis-(4-hydroxyphenyl)propane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane, 1,1-
bis-(4-hydroxyphenyl)cyclohexane, 1,1-bis-(3,5-dimethyl-4-hydroxyphenyl)cyclohexane,

15 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane, 1,1'-bis-(4-hydroxyphenyl)-3-
diisopropylbenzene and 1,1'-bis-(4-hydroxyphenyl)-4-diisopropylbenzene.

Most particularly preferred dihydroxyaryl compounds are 4,4'-dihydroxydiphenyl, 2,2-bis-
(4-hydroxyphenyl)propane and 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane.



butylphenyl phenyl carbonate, di-(4-n-butylphenyl) carbonate, 4-isobutylphenyl phenyl carbonate,
di-(4-isobutylphenyl) carbonate, 4-tert-butylphenyl phenyl carbonate, di-(4-tertbutylphenyl) carbonate,
4-n-pentylphenyl phenyl carbonate, di-(4-n-pentylphenylp earbonate, 4-n-hexylphenyl phenyl carbonate,
di-(4-n-hexylphenyl) carbonate, 4- 5 isooctylphenyl phenyl carbonate, di-(4-isooctylphenyl) carbonate,
4-n-nonylphenyl phenyl carbonate, di-(4-n-nonylphenyl) carbonate, 4-cyclohexylphenyl phenyl| carbonate,
di-(4- cyclohexylpfaHyIP EarBRATRA1 -SRSERYTY %ﬁbr%%ﬁﬁfﬁ’pﬁ%ﬂﬂ?%@ﬁ&ﬂa& R
(1-methyl- 1 -phenyiethyl)iphényljacarbonatentsphein ybdnydophenylpcdybobatetcslicfni phenydd §dth
carbonate, 4-(1-naphth nyl phenyl carb -(2-paphthyhphenyl phenyl..,10 te
di-[4-(1-naphthyl)%ﬁgny%%%gﬁ%{g%%tle,Qé%-?g%?lng%fﬁél)p%%%ﬁ?cgaooﬁﬁatea%- %lé%ofy’/p agfr%% p%fenyl
carbonate, di-(4-phenensipbehgiptcarishate, ssvpehdiledpiphierylqrrmwde Aeydrsmtermula (1) and/or
di-(?menfa@tlecylp?}ﬁmyﬁ}i@rg&ﬁﬁ%rgi&ﬁtwﬁs}ﬂwﬂﬁ%ﬁd q%éb%@t%ﬁg(frﬁgyk?n%ﬁygmﬁa%ﬁ%&w
methylsalicylate phenyl carbonate, di(methylsalicylate) carbonate, ethylsalicylate phenyl carbonate,
di(ethylsalicylate) SHPBOHALE, A2 18 SPERSILalidgRtEDHERT CARSSHEYe ,Oﬂil’fn%?%Is!ﬁlif%ﬂa?&ﬁecgfbonate,
isopropylsalicylate gheéynyrcarixonatelidi(isopropytsaljgylade heaitofoate; m(buiyts digylatenplhenylcarbonate,
di(n-butylsalicylate).carbonate, isobutylsalicylate phenyl.carbopate, dpisobutylsalicylate) carbonate,
tert-butylsalicyIate()?cr);?\%jr?/)??r %’%%fgﬁg?én 19"9 t((qasrt)f'gnltn sl%; |cylﬂ';1ateggg£r)b¥§%aote,eai§b éﬁ‘iﬁ%ﬁﬂ?@ﬁ%&“&%‘gr Jonate and
di(benzylsalicylatépeab énarea 2DPehidutan ppjretaliped wias L eshippigiasbar ddiptranicamondte,
4-tert-butylphenyl phegylcarbenatemdis{416 s utylphenyratkanaic.hirenyhdy iRhenyhrashonate,
di(biphenyl4-y1) carbonate, 4-(1-methyl- 1 -phenylethyl) phenyl phenyl carbonate, di-[4-(1-methyl- 1 -
phenylethyl) phen(| E5HE AL S dRrleIedRtons:d) eatHsy @?tﬁeﬁ%gﬂﬁlwﬂwé?eli?m@s@
particularly prefereed.25Beth anedi@nidrigonate and also various diaryl carbonates can be used. One
or more monohydroxyaryl compound(s) that have not been used to produce the diary! carbonate(s) used,
for example, can addifiqnally-he.usgd a2 LhaIN QLBInaiYsHir Q‘AHUBQ"}Q&M&QC‘E}!{'HQ the.gndgroups.
Suitable examples are those having the general formula (Ill)  wherein RAstands for [inear or branched
Ci-C34 alkyl, C7-CEFaaiilCeieadaipdpmirhexanc  andod Ry (TierEm REF StARERPTEF hidrogen,
linear or branchediGidtIdaaykybritptaddhaaikyltaiyh s Co-&341aryl, and RB, Rc are the same or different
and mutually independently stand for hydrogen, linear or branched Ci-C34 alkyl, C7-C34 alkylaryl Or

C6-C34 aryl. Suitable carbonic acid derivatives can for example be diaryl carbonates compounds having

the general formula (II)
R R
O
OJJ—O
R' 1 n
RII R R

20 R,R"and R" are the same or different and mutually independently stand for hydrogen,

D0

wherein

linear or branched C;-Cs4 alkyl, C;-Cs4 alkylaryl or C¢-Cs4 aryl, R can also
denote -COO-R", wherein R" stands for hydrogen, linear or branched C;-
C34 alkyl, C7—C34 alkylaryl or C6—C34 aryl

Preferred diaryl carbonates are for example diphenyl carbonate, methylphenyl phenyl
25 carbonates and di(methylphenyl) carbonates, 4-ethylphenyl phenyl carbonate, di-(4-
ethylphenyl) carbonate, 4-n-propylphenyl phenyl carbonate, di-(4-n-propylphenyl)
carbonate, 4-isopropylphenyl phenyl carbonate, di-(4-isopropylphenyl) carbonate, 4-n-



Such monohydroxyaryl compounds are for example 1-, 2- or 3-methylphenol, 2,4- dimethylphenol,
4-ethylphenol, 4-n-propylphenol, 4-isopropylphenol, 4-n-butylphenol, 4- 10isobutylphenol,
4-tert-butylphenol, 4-n-pentylphenol, 4-n-hexylphenol, 44i8eoctylphenol, 4-n-nonylphenol,
3-pentadecylphenol, 4-cyclohexylphenol, 4-(1-methyl-Iphenylethyl)phenol, 4-phenylphenol,
4-phenoxyphenol, 4-(1-naphthyl)phenal, 4-(2- naphthyl)phenol, 4-tritylphenol, methylsalicylate,
ethylsalicylate, n-SHoD PRy RLEY s SHRSEYISa ﬁ‘é@lﬁf@?kﬁ%ﬁ?@aﬁ&ﬂ?ﬁ?@ﬁsé‘ﬁﬁ?ﬁ%ﬁ@%ﬁ% Jphenyl
tert-butylsalicylate;atphaenisalicgaie/ phenbb nzytsaticy katertdbierpBityl phendlcdHsooact ipfdetnal and
3-pentadecylphenol a eferred, Sujtable branching agents can be compounds having three gr more
functional groupsr?%% er%@lée thcc?sre):o a\%ingt r§% rmore h}l? ?o%yl é:r(r)%%SaB > url}?a}i??égy(: rr%p}(])%nds

having three or met&pénolit hdrskyicgibupsend fordxaniple dagtidrogiesiiol) carbonate, 4-

4,6-dimethysl-2,4, G (e ioyuphanyensRiens-2.- A imethyh-datbh i, @hyskoxyehaniiheptane, 1,3
, 5 -tri-(4-hydroxyphenyl)benzene, 1, 1, 1-tri-(4- hydroxypheny

i3 hycroyphe TRy ISR ST P4 RS Ry S B ER
2,4-bis-(4-hydroxyphehykispipropy  pihenak and itetral{d-yarexypthehy)methgineyl-chtbenate, di-[4-

branchingagentosoh A0k (3 M Ay b Aty sl e Cprens
1,1,1-tri-(4-hydroxyphesgiiettiéhes s Ponpatkylnts telepiihdl e ardes uitabieam hieiehear ephbodiments of

the inventiph as pelysonate, di-[4-(1-naphthyl)phenyl] carbonate, di-[4-(2-naphthyl)phenyl] carbonate, 4-

phenoxyphenyl phenyl carbonate, di-(4-phenoxyphenyl) carbonate, 3-pentadecylphenyl

phenyl carbonate, di-(3-pentadecylphenyl) carbonate, 4-tritylphenyl phenyl carbonate, di-

(4-tritylphenyl) carbonate, methylsalicylate phenyl carbonate, di(methylsalicylate)

carbonate, ethylsalicylate phenyl carbonate, di(ethylsalicylate) carbonate, n-

15 propylsalicylate phenyl carbonate, di-(n-propylsalicylate) carbonate, isopropylsalicylate

phenyl carbonate, di(isopropylsalicylate) carbonate, n-butylsalicylate phenyl carbonate, di-

(n-butylsalicylate) carbonate, isobutylsalicylate phenyl carbonate, di(isobutylsalicylate)

carbonate, tert-butylsalicylate phenyl carbonate, di-(tert-butylsalicylate) carbonate,

di(phenylsalicylate) carbonate and di(benzylsalicylate) carbonate.

20 Particularly preferred diaryl compounds are diphenylcarbonate, 4-tert-butylphenyl phenyl
carbonate, di-(4-tert-butylphenyl) carbonate, biphenyl-4-yl phenyl carbonate, di(biphenyl-
4-yl) carbonate, 4-(1-methyl-1-phenylethyl) phenyl phenyl carbonate, di-[4-(1-methyl-1-
phenylethyl) phenyl] carbonate and di(methylsalicylate) carbonate.

Diphenyl carbonate is most particularly preferred.
25 Both one diaryl carbonate and also various diaryl carbonates can be used.

One or more monohydroxyaryl compound(s) that have not been used to produce the diaryl
carbonate(s) used, for example, can additionally be used as chain terminators for
controlling or modifying the end groups. Suitable examples are those having the general
formula (I1I)



or copolycondensates of terephthalic acid. Suitable polyalkylene terephthalates are for example reaction
products of aromatic dicarboxylic acids or reactive derivatives thereof (for example dimethyl esters or
anhydrides) and aliphatic, cycloaliphatic or araliphatic dibls and mixtures of these reaction products. 10
Preferred polyalkylene terephthalates can be produced by known methods from terephthalic acid (or
reactive derivatives thereof) and aliphatic or cycloaliphatic diols having 2 to 10 C atoms
(Kunststoff-Handbuch, Vol. VIII, p. 695 ff, Karl-Hanset-Verlag, Munich 1973). 15 Preferred polyalkylene
terephthalates contain at least 80 mol%, preferabl 0l% terephthalic acid radicals, relative to the
dicarboxylic acid component, and at least 80 mol Oy at least 90 mol% ethylene glycol and/or
butanediol-1,4 radicals, relative to the diol com The preferred polyalkylene terephthalates can
contain in addition to terephthalic acid radicals up to 20 m(ﬁ% of @bicals of other aromatic dicarboxylic
acids having 8 to 14 C atoms or aliphatic dicarboxylic acids having 4 to 12 C atoms, such as for example
radicals of phthaligrgiglnisophthalic acid, naphthalene-2,6-dicarboxylic acid, 4,41-diphenyl 25dicarboxylic
acid, succinic acid, adipic acid, sebacic acid, azelaic acid, cyclohexane diacetic acid. = The preferred

polvalkylene tereppialalis cap,canian,niagdiian do.ethyligne erbulangdiol T4 olysal fagliggls, up to 20

mol% of other aliphatic diols having 3 to 12 C 30atoms or cycioaliphatic diofs having 6 to 21 C atoms, for
example radicals of progai@diol- 1hsrotethy fsteisaite disiorss, Hasperthiagshsd (pemtatbdiol L5,
hexanediols1,6, cyclohexpnergdimethanold4adtmethylpentanediol-2,4, 2-methylpentanediol-2,4, 2,2,4-
trimethylpentanediol-1,3and2-ethylhexanediol-1,6,2,2-diethylpropanediol-1,3, - 13 -
hexa”ed'°1'2’5'1’ﬁB%@[Q?et%@},’ﬂh@%e&[}%&f%H%Eﬁ'tﬁa%%%%ﬁ(é}fdenﬂy stand for hydrogen, linear or

branched C;-Cjy4 alkyl, C7-Cs4 alkylaryl or C4-Ci4 aryl.

Such monohydroxyaryl compounds are for example 1-, 2- or 3-methylphenol, 2,4-

dimethylphenol, 4-ethylphenol, 4-n-propylphenol, 4-isopropylphenol, 4-n-butylphenol, 4-
10 isobutylphenol, 4-tert-butylphenol, 4-n-pentylphenol, 4-n-hexylphenol, 4-isooctylphenol,

4-n-nonylphenol, 3-pentadecylphenol, 4-cyclohexylphenol, 4-(1-methyl-1-

phenylethyl)phenol, 4-phenylphenol, 4-phenoxyphenol, 4-(1-naphthyl)phenol, 4-(2-

naphthyl)phenol, 4-tritylphenol, methylsalicylate, ethylsalicylate, n-propylsalicylate,

isopropylsalicylate, n-butylsalicylate, isobutylsalicylate, tert-butylsalicylate,
15 phenylsalicylate and benzylsalicylate.

4-tert-Butylphenol, 4-isooctylphenol and 3-pentadecylphenol are preferred.

Suitable branching agents can be compounds having three or more functional groups,

preferably those having three or more hydroxyl groups.

Suitable compounds having three or more phenolic hydroxyl groups are for example

20 phloroglucinol, 4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl)heptene-2, 4,6-dimethyl-2.4,6-tri-
(4-hydroxyphenyl)heptane, 1,3,5-tri-(4-hydroxyphenyl)benzene, 1,1,1-tri-(4-
hydroxyphenyl)ethane, tri-(4-hydroxyphenyl)phenylmethane, 2,2-bis-(4,4-bis-(4-
hydroxyphenyl)cyclohexyl]propane, 2,4-bis-(4-hydroxyphenyl isopropyl)phenol and tetra-
(4-hydroxyphenyl)methane.

25 Other suitable compounds having three or more functional groups are for example 2,4-

dihydroxybenzoic acid, trimesic acid (trichloride), cyanuric acid trichloride and 3,3-bis-(3-



hydroxycyclohexyl)propane, 2,4-dihydroxy- 1,1 ,3 ,3-tetramethylcyclobutane, 2 ,2-bis -(3 -
[beta]-hydroxyethoxyphenyl)propane and 2,2-bis-(4-hydroxypropoxyphenyl)propane (cf. DE-OS 24 07
674, 24 07 776, 27 15 932). 5 The polyalkylene terephthalates can be branched by incorporating
relatively small amounts of trihydric or tetrahydric alcohols or tribasic or tetrabasic carboxylic acids, as
described for example in DE-OS 19 00 270 and U §qs 3 692 744. Examples of preferred branching
agents are trimesi@ﬁhﬁ#ﬂ?ﬁ%ﬂﬁ%ﬂ%\e&&)ﬂfﬁf@tﬁﬁéﬁ% 1948991 propane and 10pentaerythritol. No more

than 1 mol% of the branching agent, relative to the acid component, is preferably used. 15Polyalkylene

terephthalates praguged sol f/{c{:%fpg %ereg) thalic %geid ag’g_[)% [@e%%ﬂm{%\%ﬁgeé%%%%égg )gggg@ple dialkyl

esters thereof) and et?\y ene g d/orbutanediol-1,4, and mixtures o ylene
terephthalates arelpagieingely préferrédriptdiadrexypatpullahane terephthalates are also copolyesters
produced from at least two of 20 the aforementioned acid components and/or from at least two of the
aforementioned akdhaketmperhtsalpatticdlardiifceiepreft capotyiest@isHreiighp ohytativdengoly-
glycoUbutanediol-1,4) terephthalates. .. . By preference the polyalkyl terepht ba es preferably used
2e the component kB A R Y s e,
measured in eachcgamelinrpiiéng | yadietiford serneie {tarboaris e ighiaati 2s derMasvsiasiechifm having

the laser printed sggutityfeatuigtithat ig Ms&d R ably higs aspeeificyswiastresistangs ofiL05 to
1014 Q, preferably 107 to 1013 Q, particularI%{ preferably 108 to 1012 Q. The specific surface resistance
in Q is determinediA SELLPISHES 86U BHSIRPYS H a preferred embodiment of the laminar structure

according to the invention a suitable plastic film for the layer between the two filled layers is one having a
laminar structure ‘f’%?enrpe%n%o%[lalﬁ%%r}eh r eerelp R ng%lly be produced by known methods from
terephthalic acid (or reactive derivatives thereof) and aliphatic or cycloaliphatic diols
having 2 to 10 C atoms (Kunststoff-Handbuch, Vol. VIII, p. 695 ff, Karl-Hanser-Verlag,
Munich 1973).
15
Preferred polyalkylene terephthalates contain at least 80 mol%, preferably 90 mol%
terephthalic acid radicals, relative to the dicarboxylic acid component, and at least
80 mol%, preferably at least 90 mol% ethylene glycol and/or butanediol-1,4 radicals,
relative to the diol component.
20
The preferred polyalkylene terephthalates can contain in addition to terephthalic acid
radicals up to 20 mol% of radicals of other aromatic dicarboxylic acids having 8 to 14 C
atoms or aliphatic dicarboxylic acids having 4 to 12 C atoms, such as for example radicals
of phthalic acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid, 4,4'-diphenyl
25 dicarboxylic acid, succinic acid, adipic acid, sebacic acid, azelaic acid, cyclohexane

diacetic acid.

The preferred polyalkylene terephthalates can contain in addition to ethylene or
butanediol-1,4 glycol radicals up to 20 mol% of other aliphatic diols having 3 to 12 C
30 atoms or cycloaliphatic diols having 6 to 21 C atoms, for example radicals of propanediol-
1,3, 2-ethylpropanediol-1,3, neopentyl glycol, pentanediol-1,5, hexanediol-1,6,
cyclohexane dimethanol-1,4, 3-methylpentanediol-2,4, 2-methylpentanediol-2,4, 2,2.4-
trimethylpentanediol-1,3 and  2-ethylhexanediol-1,6,  2,2-diethylpropanediol-1,3,



- 14 - (1) at least one inner layer consisting of a thermoplastic having a Vicat softening point B/50(inner)

and (2) at least one lower and at least one upper layer (outer layers) consisting of a thermoplastic

having a Vicat softening point B/50(outer), which is lower3than the 5Vicat softening point B/500fleiv The

Vicat softening point B/50 of a thermoplastic is the V cat softening point B/50 measured in accordance

with ISO 306 (50 N; 50(;(@. A most particularly preferred multi-layer plastic film for the |ayer between the
i dod it

two filled layers h&¢ Mikar structure’ of Hid 156 RERaSHEBY MIBE4PSrs, namely arfiRiidf Tayer
10and a lower andahouppetdayey])protually iddepbenttenihy ¢onsistingahihe atdnanmmentiaretis-(3-
thermoplastics. If Iti-layer plastic film is the plastic film laser print ith the rity feature(s),
then preferably atﬁ%%glgﬁgljﬁ)weeﬂr%xy %hg%g%é% %%eé%éy%%é%fgﬁgg&tjoé}i%%x R&W?ﬁ%é%%a@g of the
multi-layer plastic RieriGdrthe/1ayeriétéen e Wédilled layers has a specific 15surface resistance of
105 to 1014 Q, preferably 107 to 1013 Q, particularly preferably 108 to 1012 Q. In these multi-layer

structures of the plastic film for the layer between the two filled layers
pThe polyalkylene tere%thalates can be branched by inc%rporating relatively small amounts

of trihydric or tetrahydric alcohols or tribasic or tetrabasic carboxylic acids, as described
for example in DE-OS 19 00 270 and US-PS 3 692 744. Examples of preferred branching
agents are trimesic acid, trimellitic acid, trimethylol ethane and propane and

10 pentaerythritol.

No more than 1 mol% of the branching agent, relative to the acid component, is preferably

used.

15 Polyalkylene terephthalates produced solely from terephthalic acid and reactive derivatives
thereof (for example dialkyl esters thereof) and ethylene glycol and/or butanediol-1,4, and

mixtures of these polyalkylene terephthalates are particularly preferred.

Preferred polyalkylene terephthalates are also copolyesters produced from at least two of
20 the aforementioned acid components and/or from at least two of the aforementioned
alcohol components, particularly preferred copolyesters being poly(ethylene

glycol/butanediol-1,4) terephthalates.

By preference the polyalkylene terephthalates preferably used as the component have an
25 intrinsic viscosity of approximately 0.4 to 1.5 dl/g, preferably 0.5 to 1.3 dl/g, measured in
each case in phenol/o-dichlorobenzene (1:1 parts by weight) at 25°C.

The plastic film having the laser printed security feature(s) that is used preferably has a
specific surface resistance of 10° to 10" Q, preferably 10" to 10" Q, particularly
preferably 10% to 10'2 Q. The specific surface resistance in Q is determined in accordance

30 with DIN IEC 93.

In a preferred embodiment of the laminar structure according to the invention a suitable
plastic film for the layer between the two filled layers is one having a laminar structure

comprising at least three layers, namely



the Vicat softening point B/50(i preferably at least 5C lower, by preference at least 'Otiter) 10C lower than
the Vicat softening point B/50011110- 20In order to obtain the specific surface resistance it is further
preferable for the thermoplastic composition of the plastic film having the laser printed security feature(s)
that is used to contain for example an additive selected from tertiary or quaternary, preferably quaternary
ammonium or phosphonium salts of a partially fluorinated or perfluorinated organic_acid or quaternary
ammonium or phosphdhiunt 25H MBS ISP HALES IBRtE At BP BB LRAHY M BNHSIE 8 B8Fuorinated
alkyl sulfonic acid, preferabppafeifluaroatkyl sulfonic acid. - 15 - Examples of anions of such salts which
are suitable as additives include patrtially fluorinated or perfluorinated alkyl sulfonates,

cyanoperfluoroalkane @Ufoﬁ}/l@mi{dﬁﬁ_v lower and at least one upper layer (outer layers) consisting of a
bis(cyano)perfluoroalkylsulfonylmethides,bis(perfluoroalkylsulfonyl)imides,

bis(perfluoroalkylsulfonyemBHiaR S JaviRiof o 28N SIS RSB idelorrs WakAAN Sr8phbgpktes.
Partially fluerinated or perfloarinatectaleypsuf@nisigs.are particularly preferred, perfluoroalkyl sulfonates
being most particularly preferred. Examples of cations of such salts which according to the invention are

suitable as additiveg.prafaraliidnelideacysie QrcyqlicARsiaINi O duRtetnary JMMRRIWR.Ar Bhesphonium
cations. Examples of suitable cyclic cations include g@lridinlum, pyridazidinium, 10 pyrimidinium,

pyrazinium, imidaZSiSHEehIrAFNERMCTATAR R 06432 liulh bithiazolium cations. Examples of suitable

acyclic cations include those integrated into formula (1V) below. Particularly preferred examples of
suitable quaternary arphpariurnlatypbiesprroniufiidaies ofatiserfludrodlicylaaifbaie @sidharevth6dedhaving the

general formula (I}Q/ers having a laminar structure of this type comprises three layers, namely an inner layer
10 and a lower and an upper layer, mutually independently consisting of the aforementioned

thermoplastics.

If the multi-layer plastic film is the plastic film laser printed with the security feature(s),
then preferably at least the lower or the upper layer, by preference the lower and the upper
layer of the multi-layer plastic film for the layer between the two filled layers has a specific

15 surface resistance of 10° to 10" Q, preferably 107 to 10" Q, particularly preferably 10% to
10" Q.

In these multi-layer structures of the plastic film for the layer between the two filled layers
the Vicat softening point B/50(uer) is preferably at least 5°C lower, by preference at least
10°C lower than the Vicat softening point B/50(inner).

20 In order to obtain the specific surface resistance it is further preferable for the
thermoplastic composition of the plastic film having the laser printed security feature(s)
that is used to contain for example an additive selected from tertiary or quaternary,
preferably quaternary ammonium or phosphonium salts of a partially fluorinated or
perfluorinated  organic acid or quaternary ammonium or  phosphonium

25 hexafluorophosphates, preferably of a partially fluorinated or perfluorinated alkyl sulfonic

acid, preferably a perfluoroalkyl sulfonic acid.

Such additives and their use as antistatics are described in the literature (cf. DE-A 25 06
726, EP-A 1290 106, EP 897 950 A2 or US 6,372,829).



15 R1-803 XR2R3R4R5(1V) in which Xdenotes N or P, preferably N, denotes partially fluorinated or
perfluorinated cyclic or linear, branched or 20unbranched carbon chains having 1 to 30 carbon atoms,
preferably 4 to 8 carbon atoms, in the case of cyclic radicals preferably those having 5 to 7 carbon atoms,
R2denotes unsubstituted or halogen-, hydroxy-, cycloalkyl- or alkyl-substituted, in particular C1 to C3

alkyl- or C5 to C7 cycloalkyl-substituted, cyclic or linear, branched or unbranched carbon chains having 1
to 30 carbon aton%faﬁ?glf‘ésra%%lfgl?&?s 2% 1%1%25%35! é(‘f%’r‘l%,"’lﬁtﬁgl@gls?’e of éffé"?édiﬂafédﬁrQ?é?ﬁB}y those

having 5 to 7 carbfimatems, partictflasynpreferably profoyhtdsbutydndppdntyhdiiexy, sdjorgpyhidseputyl,

tert-butyl, neopentyl, 2- e | sopent l, isoh YOS I [, cyclghex et and | nty !, - 16 -
R3, R4, R5 mutua fﬁ(%é)e%}é% er?tli%/gggilote ur?s%s{i){ﬁfg %(’)é'}! haloggor?gf%%ﬁ@){%!kg)l/saggﬁ&%%r e
alkyl-substituted, PibestibisieatsyltslCayARghise€s to CrisiRisAIRyIEsttGrdnesBifedr lineap branched

or unbrancRed carRQRrERAIPELANRG. 1 tarddicarhenatems.ereferdllyidiq 1Qicarbon @ipms, ipdhe case
of cyclic radicals preferably 5 those haying 5 to 7 carbon atoms, particularly preferably methyl, ethyl,

propyl, 1- butyl, 1%?1%}}?' LxPriESprosyiLsBlK), taHABEKA, RebSemMyr 2 BEHIITSo JERET L onexy!,
cyclohexyl, cyclohexytplethyl andeyd epentylts iecamumediogncothphosphion wessaltdenswhidtividenotes N
or P, preferably Npreferably include acyclic or cyclic tertiary or quaternary ammonium or phosphonium
cations. Examples of suitable cyclic cations include pyridinium, pyridazidinium,
10 pyrimidinium, pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium or thiazolium
cations. Examples of suitable acyclic cations include those integrated into formula (IV)

below.

Particularly preferred examples of suitable quaternary ammonium or phosphonium salts of

a perfluoroalkyl sulfonic acid are those having the general formula (IV)
15
R'-SO; XR*R'R'R’ (IV)
in which
X denotes N or P, preferably N,

R' denotes partially fluorinated or perfluorinated cyclic or linear, branched or
20 unbranched carbon chains having 1 to 30 carbon atoms, preferably 4 to 8 carbon

atoms, in the case of cyclic radicals preferably those having 5 to 7 carbon atoms,

R’ denotes unsubstituted or halogen-, hydroxy-, cycloalkyl- or alkyl-substituted, in
particular C; to Cs alkyl- or Cs to C; cycloalkyl-substituted, cyclic or linear,
branched or unbranched carbon chains having 1 to 30 carbon atoms, preferably 3 to

25 10 carbon atoms, in the case of cyclic radicals preferably those having 5 to 7 carbon
atoms, particularly preferably propyl, 1-butyl, 1-pentyl, hexyl, isopropyl, isobutyl,
tert-butyl, neopentyl, 2-pentyl, isopentyl, isohexyl, cyclohexyl, cyclohexylmethyl
and cyclopentyl,



10denotes perfluorinated linear or branched carbon chains haying 1 to 30 carbon atoms, preferably 4 to 8
carbon atoms, R2mutually independently denotes halogenated or non-halogenated linear or branched
carbon chains haying 1 to 30 carbon atoms, preferably-3de 10 carbon atoms, particularly preferably
propyl, 1-butyl, 1-pentyl, hexyl, isopropyl, isobutyl, tert 15 butyl, neopentyl, 2-pentyl, isopentyl, isohexyl,
123, R4, R5 mutually independently denote halogenated or non-halogenated |inear or br ncheg carbon
chains haying 1 toRgoRcaF%pdﬂué‘t@ﬂ% nacRsaISEY %"Toueé‘}%%ﬁ“é%H{sg%%&‘fﬂful‘&ﬁ%oﬁyéfé?ﬁabwlm sthyl, ethyl,
propyl, 1-butyl, 1-pentyl,dnexyll-isoptiapsd, inqhiutiyl;ted-butyl; akppentyl, B-pentylpisbpentytiisoiexyl 20are

a preferred selection. Prgfgliriregrsﬁ'rilteaal?,l %%%‘B%E{‘%Fyu%{}{'%%i&r@a o%h%{i‘ﬁ‘soﬂﬁuﬁﬁ SR, A6 carbon

Perfluorooctane sulfonic ac tetrapropyl ammonium salt, Perfluorobutane sulfonic acid tetrapropyl
ammonium salt, Perfluokdostameciuifoliic aciddtea@potyiearmmonigrisalel 0B edistbbrieiraifonic acid

tetrabutyl a;mmmonium sajf,oRefflvRoctanesulonicACidielrapaptyl amnmenivmgalperflypyobutane
sulfonic acid tetrapentyl ammonium salt, Perfluorooctane sulfonic acid tetrahexyl ammonium salt,

Perfluorobutane sulfonic’4gib tét?ﬁﬂt&yll"ﬁﬁ%oﬁilfﬁ?ré’ﬁ}’ 1§6butsh AETSHRINY raris WSHBic 2R Yimethy
neopentyl ammonium sakiyRerflusrbociang Sulioyic @cidieknitbylyheapentidpantyhonium salt,

Perfluorobutane sulfonic acid dimethyl dineopentyl ammonium salt, Perfluorooctane sulfonic acid dimethyl

dineopentyl ammojsimsalhiad MatbyHERepylRmmaniym perfluorobutyl sulfonate, N-Ethyl tripropyl
ammonium perfluorobutyl sulfonate, Tetrapropyl ammonium perfluorobutyl sulfonate, Diisopropyl dimethyl

ammonium perfludrobutyksolfohate P, preferably N,

10 R denotes perfluorinated linear or branched carbon chains having 1 to 30 carbon

atoms, preferably 4 to 8 carbon atoms,

R’ mutually independently denotes halogenated or non-halogenated linear or branched
carbon chains having 1 to 30 carbon atoms, preferably 3 to 10 carbon atoms,
particularly preferably propyl, 1-butyl, 1-pentyl, hexyl, isopropyl, isobutyl, tert-

15 butyl, neopentyl, 2-pentyl, isopentyl, isohexyl,

R’, R*, R’ mutually independently denote halogenated or non-halogenated linear or
branched carbon chains having 1 to 30 carbon atoms, preferably 1 to 10 carbon
atoms, particularly preferably methyl, ethyl, propyl, 1-butyl, 1-pentyl, hexyl,
isopropyl, isobutyl, tert-butyl, neopentyl, 2-pentyl, isopentyl, isohexyl

20 are a preferred selection.
Preferred suitable quaternary ammonium or phosphonium salts are:

- Perfluorooctane sulfonic acid tetrapropyl ammonium salt,
- Perfluorobutane sulfonic acid tetrapropyl ammonium salt,
- Perfluorooctane sulfonic acid tetrabutyl ammonium salt,
25 - Perfluorobutane sulfonic acid tetrabutyl ammonium salt,
- Perfluorooctane sulfonic acid tetrapentyl ammonium salt,
- Perfluorobutane sulfonic acid tetrapentyl ammonium salt,
- Perfluorooctane sulfonic acid tetrahexyl ammonium salt,

- Perfluorobutane sulfonic acid tetrahexyl ammonium salt,



Diisopropy! dimethyl ammonium perfluorooctyl sulfonate, 10N-Methyl tributyl ammonium perfluorooctyl
sulfonate, Cyclohexyl diethyl methyl ammonium perfluorooctyl sulfonate, Cyclohexyl trimethyl ammonium
perfluorooctyl sulfonate, and the corresponding phosphadfiium salts. Ammonium salts are preferred.

One or more of the aforementioned quaternary ammonium or phosphon um salts, in other 15words
including blends, can preferably also be used. F’,erfluor%octane sulfonic acid tetrapropyl ammonium salt,

perfluorooctane stilfonic 2o PEPAHS P UG AT SAH PR RFSE AR BN Hit-acid tetrapentyl
ammonium salt, perfluorbacianeosuliionidfacid datt ahexyiydnmmeniyhasalbanch parfluorooctane sulfonic acid

dimethy! diisopropyl am oaiu qlt and corr gili] -perflu rp‘puﬁq e %Lﬂlfﬁpic acid 20salts are most
particularly suitable. Pe:ﬁaro%%{)l?gﬁgeg&@rﬁg a%fgaﬁé?e%ﬁlgﬁo oeﬁlr\épyrflar(rg]}lrhuonlsurﬁ salt (diisopropyl

dimethyl ammonium perfleidrestiogiagifoHany isidsagdmd tsppett cmarnyisrefstted embodiment. The

specified salts are knowR Q& BRI UeaHR KM BIsthRdsuThgsalts of the sulfonic acids can be
prepared for example b mixing equimolar amounts of free sulfonic 25 acid and the hydroxyl form of the

corresponding cation in WatBP A HSRY taMBEPATIH R AN ERHEL I HEY the solution to small volume. Other
production methods are Tesgribgd domexampleifiubibAcl 986834 and NL-A 7 802 830.  The specified
salts are preferably added.to the tp(%rrréﬂﬁl@stics in amou[gts of 899&1 0.2 Wt.%, preferably 0.1 to 1 wt.%,

before shaping into the p astic i , Whic can be doné 3 03;0ext usion or coextrusion, for example. - 18 -

Diisopropyl dimethyl ammonium perfluorooctyl sulfonate,
10 - N-Methyl tributyl ammonium perfluorooctyl sulfonate,
- Cyclohexyl diethyl methyl ammonium perfluorooctyl sulfonate,

- Cyclohexyl trimethyl ammonium perfluorooctyl sulfonate,
and the corresponding phosphonium salts. Ammonium salts are preferred.

One or more of the aforementioned quaternary ammonium or phosphonium salts, in other

15 words including blends, can preferably also be used.

Perfluorooctane sulfonic acid tetrapropyl ammonium salt, perfluorooctane sulfonic acid
tetrabutyl ammonium salt, perfluorooctane sulfonic acid tetrapentyl ammonium salt,
perfluorooctane sulfonic acid tetrahexyl ammonium salt and perfluorooctane sulfonic acid
dimethyl diisopropyl ammonium salt and the corresponding perfluorobutane sulfonic acid

20 salts are most particularly suitable.

Perfluorobutane sulfonic acid dimethyl diisopropyl ammonium salt (diisopropyl dimethyl

ammonium perfluorobutyl sulfonate) is used in a most particularly preferred embodiment.

The specified salts are known or can be produced by known methods. The salts of the
sulfonic acids can be prepared for example by mixing equimolar amounts of free sulfonic
25 acid and the hydroxyl form of the corresponding cation in water at room temperature and
concentrating the solution to small volume. Other production methods are described for

example in DE-A 1 966 931 and NL-A 7 802 830.

The specified salts are preferably added to the thermoplastics in amounts of 0.001 to
2 wt.%, preferably 0.1 to 1 wt.%, before shaping into the plastic film, which can be done

30 by extrusion or coextrusion, for example.



Other conventional additives and accessory agents (e.g. auxiliary substances and reinforcing materials)
known to the person skilled in the art can also be added to the thermoplastics. The filler in the filled
layers is preferably mutually independently a coloured pigment or 5 another filler for producing a
translucency in the filled layers, preferably titanium dioxide, zirconium dioxide, barium sulfate or glass

fibres. The filled Iagy&rs and the filled filmsgegel%{ar their production are preferably ones havinl%la
f y less

transmission in the ViSibf WAVERSAGtAYAR SEEFRINo BB I ot IG¥E WX 595 95rEte

than 35%, particulaihfqpeeferablyrlelss kinaw2590hin pacsh paitiedilariyhd Cpreterraddoebabaiditiantshtess than
15%. The resulting]gr%j}) Igggps(;y of the filled layers surrounding the printed watermark strengthens the
feature that the printed watermark is only revealed when the laminar structure is held up to the light, i.e. it
is more clearly discernible than when the laminar structure is viewed from above with no back light. 15The

specified fillers ard Breterably Mabbe :5YAE RerHERRIETRY T MriB e 83 Yo e Wiiss. arligry
preferably 20 to 4@nwihés fiiddatimeptodingniotalruveiginof filekafitkthesmephastie:bhatanial hefiokedshaping

into the plastic f”@ir‘é‘é@ﬁ@nﬁﬁgx?& ’ %%%Ht?)éu?&ru3|o QOr.coextrusion, for example. If the watermark(s) is

(are) applied by laser printing to at least one o th& two filled films, 20 in preferred embodiments this filled
film can contain both at least one of the aforementioned fillers and also one of the aforementioned salts

as additives in the'@5rHEEpdhEr Gt SretBri By SrIJaRtRSH RO BIUAR il HsFalbe e JAg fo the
invention - both forriherfifiechfilsandialsomtheltiipifontiae optiopsdinpreseért layesbetyveen twedwo filled

layers - preferably have 5 thickn f 55 nm to 750 articularly preferably 100 nm to 300 nm. In
oroferred embod RENEOY (e SR ao iR P oy oyt o T s Hled ayers
is a lamindPstructorefatsshprisirdyradrisdsistiiael fdypers, the ratio of the film thickness of the inner layer or
the overall film thickness of optionally several inner layers to the film thickness of the lower and upper

layer or to the overal filsauthiigknesslateptionalihsetteal Bllaweasuandndppentayersisdl whtdmaR0: 1: 1,
preferably 2:1: 1 ts?reSn:gt%ér:!'s' the feature that the printed watermark is only revealed when the laminar
structure is held up to the light, i.e. it is more clearly discernible than when the laminar

structure is viewed from above with no back light.

15 The specified fillers are preferably added to the thermoplastics in amounts of 2 to 60 wt.%,
particularly preferably 20 to 40 wt.%, relative to the total weight of filler and thermoplastic
material, before shaping into the plastic film, which can be done by extrusion or

coextrusion, for example.

If the watermark(s) is (are) applied by laser printing to at least one of the two filled films,
20 in preferred embodiments this filled film can contain both at least one of the
aforementioned fillers and also one of the aforementioned salts as additives in the

corresponding aforementioned amounts.

The plastic films for use according to the invention — both for the filled films and also the
film for the optionally present layer between the two filled layers — preferably have a
25 thickness of 55 pm to 750 um, particularly preferably 100 um to 300 pm. In preferred
embodiments of the invention, in which the plastic film for the layer between the two filled
layers is a laminar structure comprising at least three layers, the ratio of the film thickness
of the inner layer or the overall film thickness of optionally several inner layers to the film
thickness of the lower and upper layer or to the overall film thickness of optionally several

30 lower and upper layersis 1 : 1: 1t020: 1: 1, preferably2:1:1to5:1:1.



- 19 - The laser printed watermark(s) in the laminar structure according to the invention can be a
black-and-white or colour impression, which can be mono-coloured or multicoloured or in the case of a
black-and-white impression in various shades of grey orlin-black only. A further strengthening of the
feature that the printed watermark is only revealed when the 5 laminar structure is held up to the light, i.e.
it is more clearly discernible then when the laminar structure is viewed from above with no back light, can
be obtained by prihtihl tHePHWATEHAFRTRITH A CotbuPEURH HREHE PEOMhE Ma<hEBHARE Withthe
watermark is signifieaintlydessitranshlceninthansihe wrinted lastio swiroundingniiecalatestharka The laser
printed watermark(s) in.thedaminar struc ing .to the inventian i % e) 10 therefare preferably a
sharp black-and-vl%/ el)teéaisr%]pgrfle%g%r% ng‘éw&j%ﬁ\}%{v[gﬁ?ﬁgcégsg%é}g}%y\fg'??fqlegéd%#é&rgéyn%%’e ?15 rgﬁlérrln?sss?%r? {ﬁy&lg visible

wavelength rangeffidiar3gonsthei 230 ik FatiwedbatHacsiirsethtitigrpiistic anl teecpleet vhenelisiastic

printed withsthe watermaris Rrefarably 0% t1a-80%, ParticwanorelanhikdS 10 #5%6xinmast
particularly preferred embodiments when printed on a transparent plastic film 50 to 75%. 15The laser
printed WatermarQ@?lﬂ?‘iﬁg%?ﬁﬁﬁrvé?mﬂLﬁg%&BYﬁi‘ﬁbﬂ&? 3SRt AT (L BrerRY B B8 more
part-surface impregsiansylpreférablylomesocimbie imdivicua] ihepsessiopsnidthinhthie: comntexiadf the
invention the term,ingiyidyal means (faLde,AEsian of s dmRiesEions R RAHcyar 5 dory. cqgvary from
one laminar structure to the’next. For example, an individua Pmpressmn within the ‘context of the invention

can be 20 understsed roBedonateuik(in & pdessmansedtiventitysdevdmenie Has soeiion all Githe

individual pgrsonalisiag,identificaion fertky et Which ¢an-optinealiybe and-rreferably are.different in each
individual document, The laminar structure according to the invention preferably has a further part-surface

impression, preferabi @ Eolb HATSER R S RG RAXE RIS ARES AT Whidh) Bile e B 89558 printed
watermark(s) can atseubewciéagy beenandh e hetlafmiran stiuglte: dswikwiedvsonmmaboisepwitirabdyback light.
This impression preferably.comprises jndividual personalising identification features, such as for example
a portrait print for g%?ef}s%ngg éﬂ&%"é‘rcé‘paﬁqén%?% Igl'g](%r %ti{%ﬁ@ fé%tmcésst s‘fjacrﬁcgzd fﬁggrrﬁﬁrr{%{ name,
address, date of birthogiacatofbitpandforrantidesmtfeatidmn trumibel) suchas for example an identity card
30 number, account number, credit card number, etc. In particularly preferred embodiments of the laminar
structure accordinghiolthe imvent onifisprd)surfiacaimpiessionypreterainly pah Suvtacecoloue)aser

printed impression i§ cal ypIeter or partl iqentifcal in form to the Ia§er rinted watermark. B way of
‘(rje eI‘aT1 ne HI‘ ore.r¥ar -suriface 1mp5€6510ns, reicra 8’ one or ore ind \é}/ua
example, an embddimentof such a laminar structure ~20 - acear ing to the invention could have for

example a colour laseesprinted pbitrdie priricto phthe s phbrographdnd wesamdhsbbadicpnt as a
laser printed watepmakipreigiak e aiblackandawhile WH%’ @RRIPOne 13HERATHRR! RAdizskrface

impression can preferably be printed on at least one of the 5 oquter-facing sides in the laminar structure
according to the ifVENtEHBIorf At RSk SaEsTdh Bdbitlos taHE adnthaydr dpisied®h the outside
to one of the filleduayessod tartheserefeivie hembodingndofdheitamioansituciureaecardingftehthe
invention Is individual personalising identification features, which can optionally be and preferably are

different in each individual document.

The laminar structure according to the invention preferably has a further part-surface
impression, preferably a colour laser printed part-surface impression, which unlike the
25 laser printed watermark(s) can also be clearly seen when the laminar structure is viewed
from above with no back light. This impression preferably comprises individual
personalising identification features, such as for example a portrait print for a person's
photograph and/or other identification features such as fingerprints, name, address, date of
birth, place of birth and/or an identification number, such as for example an identity card
30 number, account number, credit card number, etc. In particularly preferred embodiments of
the laminar structure according to the invention this part-surface impression, preferably
part-surface colour laser printed impression, is completely or partly identical in form to the

laser printed watermark. By way of example, an embodiment of such a laminar structure



therefore one in which a further layer consisting of at least one thermoplastic is applied to at least one
layer, preferably to one of the two filled layers, which further layer is 10 preferably transparent and
displays such a further part-surface impression. Such anr@dditional layer can be formed from at least one
of the aforementioned thermoplastics, preferably independently of the other layers. The laminar structure
according to the invention can additionally have further layers, such as for example adhesive layers,
coupling layers, pRStSLtV8 %‘Ent&FdPYSBq%éPélﬁi?f’ﬁ QAR St aelors AR avay' R Ha' i RVEh iR is
preferably suitableasoa'cphop@naiit ofdséeutityeqrovalitepdocumdmis; priefedatdy persopalisedisecurity
documents ("persg%ﬂi&@%@%ﬂﬂgfigﬁ%%gn&nts"), most particularly preferably those in the form of glued or
laminated multi-layer composites in the form of plastic cards, such as for example identity cards,
passports, driving licences, credit cards, bank cards or other identification or payment 20documents, etc.,

to increase their profaclidH gL TOVGSS NS SIS EAT iRVEHEBY (Rt 488 blgtiiade 25dturity or
value document, preterfablygssidessonialibadse cutityucoattoreily patiicinarhyipieiesalkalyl@neoie Higform of a

glued or laminated, prefeidi. AMNGIRTTIVIFIRNRLFOTRESIR R e forR AL iRl card containing at

least one laminar structure according to the invention. uch a security or value document according to

the invention can betproduced according to the invention by forming and then gluing and/or laminating the
d

corresponding filmt*st4EREMERHAG THY G FrELhSh AR g HPAL oKL DIASHER (). WritANTIHE cBntext of

the production of sestfity ohdaluehtidcunenis Jdaminakitnnpreferaly ondekpreskidte angslidémperatures

above the softening paint of the film(s)..is generally preferred to simple 30gluing, si lamination makes
it more difficult to %gpger?st 8%3?%—73 rrggeé?nl%'péﬂeon}ézf f-eé%b%vé’au@r%@[ylﬂﬁgguw gegshtr(}){}yr?r%rtgg Watermarks
or may evef preventfiraipgetheraeswadedisahbiersiegfers dathalspasubsEgaemiydeiglueddntenan initially

laminated multi-laygs;compesite anoptionalbuapniied by, Qther means, BRIQIRIMAY BRAYIL DY knife
application. 5The present invention therefore also provides a process for producing a security or value

document accordiPg M o bHrie st dhthat that at least
The laminar structure according to the invention can additionally have further layers, such

as for example adhesive layers, coupling layers, protective and/or top layers.

15 The laminar structure according to the invention is preferably suitable as a component of
security or value documents, preferably personalised security documents ("personalised
identity documents"), most particularly preferably those in the form of glued or laminated
multi-layer composites in the form of plastic cards, such as for example identity cards,
passports, driving licences, credit cards, bank cards or other identification or payment

20 documents, etc., to increase their protection against forgery.

The present invention therefore also provides a security or value document, preferably a
personalised security document, particularly preferably one in the form of a glued or
laminated, preferably laminated multi-layer composite in the form of a plastic card

containing at least one laminar structure according to the invention.

25 Such a security or value document according to the invention can be produced according to
the invention by forming and then gluing and/or laminating the corresponding film stack
containing the correspondingly pre-printed plastic film(s). Within the context of the
production of security or value documents, lamination, preferably under pressure and at
temperatures above the softening point of the film(s), is generally preferred to simple

30 gluing, since lamination makes it more difficult to open the multi-layer composite



a) one plastic film consisting of at least one thermoplastic and optionally at least one filler is laser printed
on one side with at least one watermark, and b) the plastic film printed with at least one watermark is
provided on the other side 10 or at least one further plagtie film consisting of at least one thermoplastic
and optionally at least one filler is provided on one side with at least one further part-surface impression,
preferably laser printed with at least one further part-surface impression, particularly preferably colour

laser printed with S{TRSSUERIE YA SRS U BAASSIBH Wi A B YBaP Ko sde Al 98 Hhen the
15laminar structurgéasatienvéadtfronuabovenwitio Robbagiclidthteagided) catilam Stack lig fonmed Condaining ) at

least one first plastic fil st f at lea er ti : tlﬁﬁl t one filler ("first filled film™"),
and i) a?%ggjs%géﬁngegfﬂgtﬁ%% ]g%ﬁ?%i%l%%%g]&?%%g aicstai%’a?ﬁ)qé%lg t é%%ns(?g? ls,}i%céarlr#g Ea(l;{ !2 least one
filler ("further fillechfil¥3tiamd iii) optionally at least one transparent plastic film consisting of at least one
thermoplastic between the first and the further filled film ("intermediate film"), wherein the laser printed
watermark(s) is (aré} lneatedioveaideabtofiecoflthepfinides paaibiedsitor) piipdrckHp anekifrthedlasdnprinted 25
watermark(s) is (a(q% Ioca{ed an.the i ermedi%% fgmrggecifi%cll irtlhﬂi}htgeplth@ film is imperatively included

. : ding’t t g
in the film stack, an 1%Hleel}lIar%%gozgtrlen%\r?analen in such a Wa%/nt \at the Iaseraprfr?tsed watermark(s) is (are)

located between the first and the further filled film, and - 22 - iv) optionally at least one further transparent
plastic film resting on“éne of 1 ikt FIMSORHIERSRESlalvastH s @ madirten saaly rdeast
impression, preferably colounéaiésr iy intedpartsunface sadauithinmpeassion Wimpiassiorn film"), and 5v)
optionally further protective plastic films ("protective film(s)"), and

b) the plastic film printed with at least one watermark is provided on the other side

10 or at least one further plastic film consisting of at least one thermoplastic and
optionally at least one filler is provided on one side with at least one further

part-surface impression, preferably laser printed with at least one further part-

surface impression, particularly preferably colour laser printed with at least one

part-surface colour impression, which can clearly be seen even when the

15 laminar structure is viewed from above with no back light, and
c) a film stack is formed containing

i) at least one first plastic film consisting of at least one thermoplastic and at least

one filler ("first filled film"), and

ii) at least one further plastic film consisting of at least one thermoplastic and at

20 least one filler ("further filled film"), and

iii) optionally at least one transparent plastic film consisting of at least one

thermoplastic between the first and the further filled film ("intermediate film"),

wherein the laser printed watermark(s) is (are) located on at least
one of the films specified in 1), ii) or iii) and if the laser printed
25 watermark(s) is (are) located on the intermediate film specified in
iii) then this film is imperatively included in the film stack, and the
films are arranged in such a way that the laser printed watermark(s)

is (are) located between the first and the further filled film, and



the film stack is then laminated and/or glued, preferably laminated. The laminated film stack is then
optionally also trimmed to a specific shape, e.g. card shape. This can also be done prior to lamination
and/or gluing, however. Some preferred embodiments efdaminar structures according to the invention for
the 10 production of a security or value document and the production thereof are described below, this
description being provided by way of example and not being intended as any limitation whatsoever of the
invention. In a simple emBodHRMA B WA P& ATABIA SRR SRR LB SRERG s fﬁ%’%vention
for a security or value docufilent prodticed satgerding torthe inventipnsathrartiisingctimerbasa, first and a
second filled layer (1) and ( ee igh.there is a laser printed water él . The laminar
structure can have a fu rtherg %éa{?%%fgglew}?n%?se%gsé)%ﬂ?ﬁ ﬁ?csrﬁ%%e%o%utaisﬁcﬁgé %e)lwalelgnp \%%gvl\?egd from
above. A schematic view off8ith atdembodiment is provided in Figure la. A security or value document
containing such a laminar structure can be produced according to the invention on the one hand by
printing 2030ne side of afirspfitledifilfar(kt pwithrtihe piateriark((Slpoand-eriitiig) themther side with the
further impression (A), laying the second filled film (F2) on the side with the printed watermark (S) (cf.

Figure Ib) and thep,lamjnaling thedim siack-Onibs-Athen haraangaurity At value dagumentigentaining
such a laminar structure can be produced according to the invention by printing a first filled film (F1) on

one side with the fftKe? HiBraRSSAI L 8YA AR SRt e dscracifed i tRaconBhegiakwWith the
watermark (S), layiog: theotwelfitnis: ontapl ek gacheothercsech that the side of the second filled film (F2)
printed with the watermark (S) is facing inwards and the side of the first filled film (F1) printed with the

further impressions(f)ds,faripgiounaidadat Gioureiie) apd-iben laningtipadhediim siack. # ath cases

the laminar structure according to the invention is a two-layer 30structure, regardless of whether the two
filled films tfsed diﬁ@fimﬂ%ﬁf@o%ﬁ%%wal-u%§QCWWM‘§W@WBP@H@W AiFSITIHE EErE PaYer thus
also describes suchisdecamposentiaf prdamiidaysiraictire donned drosn @ifilins partohtpeipiaduation
process, regardles?of Wheth§r it is su sgquently possible to distinguish between adjacent layers in this

. atsoever of the nvention. ) .
laminar structure. B another embodimenit by way of example of the laminar structure according to the

invention for a security or value document produced according to the invention such a structure has a first
and a second fillet"|dy & Aly SRPPIIEAY BY 13a%t Ine it rlalsr BBHRISHITY D4t 16etBite thB¥moplastic
(3) between the tw ilechlayebssekyando2yawb exeimahases qiiatest yadermarkhShis comtaingddetween

the two fled layers (1) an, 10 (2). The lamingy suciare can iave a fuher Rart sufface mpression (A

. . . 15,4 .
which is clearly discemnible when viéwed from above. \)/iew of such an embodiment is

provided in FigureprPateA setunigrlofvallieedetumentresntaisindisuch &itthwimartstrdetgremgagsenproduced
according to the inygniNELLY PIAHPARNG SIHE 9fh NARSRARRL BIRIC M consistingLEatieRSHoNe

thermoplastic (F3) with the watermark (S) and printing one 15 side of at least one of the two filled films
(F1) or (F2) with tREPariRsn iR (&) Fivectilhs e fé HFfinGe N A AR EERE L FRIAEE S WAy that the

film (F3) printed withthe waiatmarkn (&) fiedhetveesdhg tyatiliadddibos onkhaost(ka)daydpiheiside of the
filed fim (B or (52) protse il e (iR R R o (A0 5% RIS 55 FI98ie. 2Rk TR im stack
the further impression (A), laying the second filled film (F2) on the side with the printed
watermark (S) (cf. Figure 1b) and then laminating the film stack. On the other hand a
security or value document containing such a laminar structure can be produced according
to the invention by printing a first filled film (F1) on one side with the further impression
25 (A) and printing a second filled film (F2) on one side with the watermark (S), laying the
two films on top of each other such that the side of the second filled film (F2) printed with
the watermark (S) is facing inwards and the side of the first filled film (F1) printed with the
further impression (A) is facing outwards (cf. Figure 1c) and then laminating the film

stack. In both cases the laminar structure according to the invention is a two-layer

30 structure, regardless of whether the two filled films used differ in their composition.



20In a further embodiment by way of example of the laminar structure according to the invention for a
security or value document produced according to the invention such a structure has a first and a second
filled layer (1) and (2) and at least one further layer consisting of at least one thermoplastic (3) between
the two filled layers (1) and (2), wherein a laser printed watermark (S) is contained between the two filled
layers. The 25 laminar structure contains at least one further layer consisting of at least one thermoplastic
(4), which is not pOSitiShEY BRHFSEN fhe RVeHftadNayar iFh S(ﬁssﬁrqﬁs\%l’h%sﬁi LR Bat-surface
impression (A) whichirscleattycdiscésniklé tdrer idwed fromoébioyerdischenpaticssieneafd@ershoéin

embodiment is pl’O\ﬂgt%g iq Fi%ugg A A SEC rir; QL Value d% ent.con g&nlrgg sgghlgd%mi r structure

can be produced glvccordtlr%gl'?o lt]heeﬁﬁlven i(?n%b%yopﬁﬁr%tfnéubn;ﬁage ofaa}trzfr?sp%erntlplasticiﬁr% consisting
of at least one thefti6plesstic (F3) with the watermark (S) and printing one side of a further film consisting
of at least one thermoplastic (F4) with the further impression (A). The films are arranged in a film stack in

such a waysthat the filmtpeintedcbwdiidhe byatesmal leXSh fies dietwelamihe taditledaecd4linfiims éad the film

(F4) printed with the further.impression (A) is laid on one of the two filled films (1).or (2) from the outside
et e o i R B e SRR R ey
features, the laminirgtischares Astamirfgsryene filasntioarddnsieibfabniherdase e protsctlareagainst

forgery of the 5 seghUityr Uﬁ%ﬂé&@?%ﬂ&eﬂmgﬁ%@@% Bhe Lyention i mRich, gg/@ljeaggn%t@i,ned. A
subsequent openingpof,the document and substitution of only the personalising identification features for

example is no lonJEF U5 &I ORARG to YRS TS PerelaliderWStararv aditledeayrty fottte. A
time-consuming e@passinghphiocessciakepladaddy filehsimples primtingnpfdlsewate miackds battlallowing

the watermarks to dbe eoe{)slonaﬂsed and 10 also,incre ingﬂthe ts,har.[gnes of qletail of Eh%.wat rmark and
. . d1SC 1‘111 € when viewed ];om above. %ds em?;]lc VICW d) suchn an cm i) ment 1S
thus offering additional protection against forgery. In addition the printed watermarks also withstand

without damage theosidsdsarEigyhigh wregsarsiuseydusidgesamingantahentosasiof|aminationufiviexample of
a corresponding film, $ia ambé%&&gmg%e&éaﬂ%ﬁh%%epmm§m@%_@%mt%@ﬂ@%t Phedaminar

structures according to the invention also have the advant%é)e of 15 allowing security or value documents
according to the ifUBhERINIHERARY Rblatyarapiirgranistip SEsh @ﬁﬂﬁﬁ?&%‘e@ RS Mdividual
watermarkssas secidatyfteatasesntodiehprodutibel easity Bndhcastyeffectivelyrtirecilyraisthe (pointhat which

they are issued to es”asﬁ?ar%%%%doﬁﬂy tha gorres 81“91'15%9' Riintaple Il%'!é”% al réﬁhﬁ‘éﬁr%ﬁﬁ g jaminator
are necessary. 20The followingZexamples serve to illustrate the invention by wa example and should
not be regarded aw&idimitatiGn lies Pgtween the two filled films (F1) and (F2) and the side of the filled film

(F1) or (F2) printed with the further impression (A) faces outwards (cf. Figure 2b). This

film stack is then laminated.

20 In a further embodiment by way of example of the laminar structure according to the
invention for a security or value document produced according to the invention such a
structure has a first and a second filled layer (1) and (2) and at least one further layer
consisting of at least one thermoplastic (3) between the two filled layers (1) and (2),
wherein a laser printed watermark (S) is contained between the two filled layers. The

25 laminar structure contains at least one further layer consisting of at least one thermoplastic
(4), which is not positioned between the two filled layers (1) and (2) and which has a
further part-surface impression (A) which is clearly discernible when viewed from above.
A schematic view of such an embodiment is provided in Figure 3a. A security or value
document containing such a laminar structure can be produced according to the invention

30 by printing one side of a transparent plastic film consisting of at least one thermoplastic
(F3) with the watermark (S) and printing one side of a further film consisting of at least
one thermoplastic (F4) with the further impression (A). The films are arranged in a film

stack in such a way that the film printed with the watermark (S) lies between the two filled



Examples The specific surface resistance in Q was determined in accordance with DIN IEC 93. The
roughness was determined in accordance with ISO 4288. Example 1 5A polycarbonate film of thickness
250 nm based on Makrolon 3108(r) polycarbonate from Bayer MaterialScience AG and perfluorooctane
sulfonic acid tetraethyl ammonium salt (Bayowet 248(r) from Bayer MaterialScience AG) as additive with
a composition of H%B.S wt.% Makrolon 3108(r) and 1.5 wt.% Bayowet 24§§r) was produced by extrusion at
a composition tem Bt F8BE PHISE N SO ARENE OPIRSE B the HilH WS HE R tdrived in
accordance with DINAEGB31(Q) andrarasht. Ouldd2 . AnABhiinTsamplesat khistiidmiavasgoeinted with an
HP colour laser printer (printer model: HP Colour Laserjet 4500 DN). The film was printed on side number

2 (roughness R3zpsy 9, piw- iRk SRMBiR) iRaT sWiface Alack-andnwhitearad, (pRrikal of & ReFaesy
Resolution of the print sample: 600 dpi. 15The film was able to be printed without any difficulty and
displayed a perfecEpHHiBY hile FHEPhearHiieibhs BrEEY HrtwLdRts /st ftiws3r thilkhess 100
nm based dn Maksedotit3 bO8(up alycarteanaiectnaiin Bayei: Ntatatiaks ciente A Ge whichk sueri@ecolaured a

translucent white caljggr thagdén%15owt.§Qengu%% rfI}IIe&{rn "ﬁ”elgstfﬂlrft‘%' Tr%e%%lfill eﬁlm%gr% L&,
transmission of 1(5310 |r)q’g e.visﬂ)I% avelength range from 380 nm to .88 nm. éo e fifm staci< Was placed
in a Btirkle laminatiisgtpresioniratiaasifatesh tntias prelosgee el be elsnatedthe MiperiiupelsPeiitngtion was

performed with the fllawing, PRIameisr&alREREIRIIE nkintn - OMRINS PRI RIESSHPR: dUring the
heating-up time: 1s51rr|1\1|)/l%rgr21n|;|1§g té?%ﬂlépwg?egggékgs,rgci)r:[l}gjtael?owing the watermarks to be personalised and
10 also increasing the sharpness of detail of the watermark and thus offering additional

protection against forgery. In addition the printed watermarks also withstand without

damage the exposure to high temperatures during sealing in the form of lamination for

example of a corresponding film stack, which is not necessarily the case with embossed

watermarks. The laminar structures according to the invention also have the advantage of

15 allowing security or value documents according to the invention having considerably

greater protection against forgery owing to the individual watermarks as security features

to be produced easily and cost-effectively directly at the point at which they are issued to

the user, since only the correspondingly printable films, a laser printer and a laminator are

necessary.

20 The following examples serve to illustrate the invention by way of example and should not

be regarded as a limitation.



25High pressure during lamination: 300 N/cm2 Lamination period: 2 minutes - 26 - The press was then
cooled down. The pressure was maintained during the cooling period. The press opened when it reached
a temperature of 38C. Cards were punched out of the latiinated sheet in accordance with the card
dimensions specified in ISO 7810. 5The printed image in the laminated card displayed no adverse effects.
When the card was viewed under incident light the printed image inside the card could not be seen. Only
when the card waS3A8WLs against a back light could the "hidden" printed image in the card be seen
(watermark as a security feature). Example 2: Production of a plastic identity card (ID card) with a
colour portrait of théc1oeardhodesarrdidapessorfalisedioierarnsd it ascardaetsritytfeRidtéhf e Eegd which

reproduces the samg R aILIBaskREdWRHS 1 ARethes@dofikn sample of the film produced in the
manner described in Example 1 was printed with an HP colour laser printer (printer model: HP Colour

Laserjet 4500 DN), The film was printed on side number 2 (roughness R3z < 9 nm). 15Print sample:
colour portrait of t older and other details (personal data, line pattern, etc.). Resolution of the print

sample: 600 dpi. The film was able to be printed without any difficulty and displayed a perfect printed
image 5 A polycarbonate film of thickness 250 pm based on Makiolon 3108™ polycarbonate from

Bayer MaterialScience AG and perfluorooctane sulfonic acid tetracthyl ammonium salt
(Bayowet 248" from Bayer MaterialScience AG) as additive with a composition of
98.5 wt.% Makrolon 3108 and 1.5 wt.% Bayowet 248" was produced by extrusion at a
composition temperature of 280°C. The specific surface resistance of the film was

10 determined in accordance with DIN IEC 93 (Q) and was 6.0 10'* Q.

An A4 film sample of this film was printed with an HP colour laser printer (printer model: HP

Colour Laserjet 4500 DN). The film was printed on side number 2 (roughness R3z <9 pum).
Print sample: part-surface black-and-white print (portrait of a person)
Resolution of the print sample: 600 dpi.

15 The film was able to be printed without any difficulty and displayed a perfect printed image.

The printed film was placed between two further films of thickness 100 um based on
Makrolon 3108® polycarbonate from Bayer MaterialScience AG, which were coloured a
translucent white colour by adding 15 wt.% TiO, as filler ("filled films"). These filled films

had a transmission of 10% in the visible wavelength range from 380 nm to 780 nm.

20 The film stack was placed in a Biirkle laminating press and laminated under pressure and at

elevated temperature. Lamination was performed with the following parameters:

Temperature: 175°C
Low admission pressure during the heating-up time: 15 N/cm?
Heating-up period: 8 minutes

25 High pressure during lamination: 300 N/cm?

Lamination period: 2 minutes



b) Another A4 film sample of the film produced in the manner described in Example 1 was 20printed with
an HP colour laser printer (printer model: HP Colour Laserjet 4500 DN). The film was printed on side
number 2 (roughness R3z < 9 nm). Print sample: black-afmd-white portrait of the cardholder Resolution of
the print sample: 600 dpi.  The position of the black-and-white portrait was chosen such that the
portraits did not 250verlap when the film was lajd on top of the colour printed film from a). The sole
purpose of this was TP FRARE T BHLREP {58! §88 TG BT AR Th AR ARS8 Eaieoling < e i was
able to be printed withoptadywdiffi cuktycantladisplapedeopesfect printed image c) The film printed in b) was
placed between two further films of thickness 100 nm based on Makrolon 3108(r) polycarbonate from

Bayer MaterialSciengg A Wikhayesa crlewreshantiansiteent whitsaalour y adding mwhdbntio2 as
filler ("filled films") These filled films Shad a transmission of 10% in the visible wavelength range from 380

nm to 780 nm. d)s?’f’féﬁﬁ ndﬁﬁ[géll% a) was laid on one side of the film pack comprising the films from b)
and c). The film from a) was laid on the film pack with its printed side down. This also ensured that the
printed portait andlsriningshipiaave rec provestatlfird hsabrasion ahvotsafideimage during subsequent use of
the card. 10e) The film stack was placed in a Btirkle laminating press and laminated under pressure and

at elevated tempevatatfiehd eaninaiioncwasypesianaiéchwighttihe polhorting panasideteesalerupenaiuse: 175C
seen. Only when the card was viewed against a back light could the "hidden" printed image

in the card be seen (watermark as a security feature).

Example 2:  Production of a plastic identity card (ID card) with a colour portrait of the
10 cardholder and a personalised watermark as a security feature in the card

which reproduces the same portrait in black and white

a) Another A4 film sample of the film produced in the manner described in Example 1 was
printed with an HP colour laser printer (printer model: HP Colour Laserjet 4500 DN). The

film was printed on side number 2 (roughness R3z <9 um).

15 Print sample: colour portrait of the cardholder and other details (personal data, line pattern,

etc.).
Resolution of the print sample: 600 dpi.
The film was able to be printed without any difficulty and displayed a perfect printed image.

b) Another A4 film sample of the film produced in the manner described in Example 1 was
20 printed with an HP colour laser printer (printer model: HP Colour Laserjet 4500 DN). The

film was printed on side number 2 (roughness R3z <9 um).
Print sample: black-and-white portrait of the cardholder
Resolution of the print sample: 600 dpi.

The position of the black-and-white portrait was chosen such that the portraits did not
25 overlap when the film was laid on top of the colour printed film from a). The sole purpose

of this was to make it easier to see the watermark in the finished ID card.



Low admission pressure during the heating-up time: 15 N/cm2 Heating-up period: 8 minutes 15High
pressure during lamination: 240 N/cm2 Lamination period: 2 minutes The press was then cooled down.
The pressure was maintained during the cooling period.ZThe press opened when it reached a temperature
of 38C. Cards were punched out of the laminated sheet in accordance with the card dimensions
20specified in ISO 7810. The printed image in the laminated card displayed no adverse effects. When the
card was viewed UnaeY e GigHRE Ssis Pitrﬁ‘@ﬁqm[’éb]&f?l}%dﬁ?lﬁ?fﬁlﬁygﬁeﬁ%pﬂak?gr‘géa%eﬁects or
damage; the printed image inside the card could not be seen. Only when the card was viewed against a

back light could the ThiRiEibn Ppritsted hagenlbrebeardand senthg((iate rhdirkassa K¥ownt)asdture). - 28
- Claims 1.Laminagstideiues shewagtayiseshindhad it Bagatiaashione-itst &yericonsistivgatat

translucent white colour by adding 15 wt.% TiO, as filler ("filled films"). These filled films

5 had a transmission of 10% in the visible wavelength range from 380 nm to 780 nm.

d) The film printed in a) was laid on one side of the film pack comprising the films from b)
and c). The film from a) was laid on the film pack with its printed side down. This also
ensured that the printed portrait and print sample were protected from abrasion or other

damage during subsequent use of the card.

10 e) The film stack was placed in a Biirkle laminating press and laminated under pressure and at

elevated temperature. Lamination was performed with the following parameters:

Temperature: 175°C
Low admission pressure during the heating-up time: 15 N/cm?
Heating-up period: 8 minutes

15 High pressure during lamination: 240 N/cm?

Lamination period: 2 minutes

The press was then cooled down. The pressure was maintained during the cooling period. The

press opened when it reached a temperature of 38°C.

Cards were punched out of the laminated sheet in accordance with the card dimensions

20 specified in ISO 7810.
The printed image in the laminated card displayed no adverse effects.

When the card was viewed under incident light the colour printed image from a) displayed no
adverse effects or damage; the printed image inside the card could not be seen. Only when the
card was viewed against a back light could the "hidden" printed image in the card be seen

25 (watermark as a security feature).



least one thermoplastic and at least one filler and a further layer consisting of at least one thermoplastic
and at least one filler ("filled layers"), which filled layers were 5 produced from at least one first plastic
film consisting of at least one thermoplastic and at leastZne filler and at least one further plastic film
consisting of at least one thermoplastic and at least one filler ("filled films"), wherein between the two filled
layers there is at least one watermark applied by laser printing to at least one plastic film used in the
production. 102. L&A structure according to claim 1, characterised in that the watermark(s) is (are)
applied by laser printing to at least one of the two filled films 3. Laminar structure according to claim 1,
characterised in tHat thattitibissaEptaastchpadigribrst Iayert cohigtidepssf atcldnst lore teapnopastit between

the two filled layers angtibeolaygeReipiesn the wrdileddayriswes Rreduesd fromiairaosparent plastic
film 15 consisting of at least one thermoplastic, onto which the watermark(s) is (are) applied by laser

printing. 4. Laminar striefulReudrstisots! Aaifiss, i leteritdadinaeat the e HEp kR e RE layer
between thé two filled layausds abieast @rediefimoplasiic feleatedstiopnopolymersaf étnylepestinsaturated

monomers and/or polyegndensates ofhifuGioNaL 29 eagive comROHLS. RIslErbPRe oo
polycarbonates or copolycarbonates based on dip enols, poly- or copo yacryfates and’ poly- or

copolymethacrylates, pbiymarestic cogolyaeisonithiléey fehBed iy atheivaandiseisony diefing, igéstg- or

copolycondensates of {grephihalic acidQr MR bRreiiR LA Mear SIS AqeQiding fe.glim 3 or 4,
characterised in that the thermaplastic of 25 the layer between the two filled layers is one or more

polycarbonates or copdNRAESHAESBALEESh diphenols or a blend of at least one polycarbonate or
copolycarbonate and at least one poly- or copolycondensate of terephthalic acid. 6. Laminar structure
according 16 at ledst onenineims Breas;chamctelisad ishtiratthes plastimfithe fortehaddyeribetween the

two filled layers is one hayingis laspinah30StatiR caprising.atlaaskinee layers, namely -29 - a. at
least one inner layer consisting of a thermoplastic having a Vicat softening point B/50(inner) and

3. Laminar structure according to claim 1, characterised in that that it has at least one
further layer consisting of at least one thermoplastic between the two filled layers and
the layer between the two filled layers was produced from a transparent plastic film

15 consisting of at least one thermoplastic, onto which the watermark(s) is (are) applied

by laser printing.

4. Laminar structure according to claim 3, characterised in that the thermoplastic of the
layer between the two filled layers is at least one thermoplastic selected from
polymers of ethylene-unsaturated monomers and/or polycondensates of bifunctional

20 reactive compounds, preferably one or more polycarbonates or copolycarbonates
based on diphenols, poly- or copolyacrylates and poly- or copolymethacrylates,
polymers or copolymers with styrene, polyurethanes, and polyolefins, poly- or

copolycondensates of terephthalic acid or mixtures thereof.

5. Laminar structure according to claim 3 or 4, characterised in that the thermoplastic of
25 the layer between the two filled layers is one or more polycarbonates or
copolycarbonates based on diphenols or a blend of at least one polycarbonate or

copolycarbonate and at least one poly- or copolycondensate of terephthalic acid.

6. Laminar structure according to at least one of claims 3 to 5, characterised in that the
plastic film for the layer between the two filled layers is one having a laminar

30 structure comprising at least three layers, namely



b. at least one lower and upper layer (outer layers) consisting of a thermoplastic having a Vicat softening
point B/50(outer), which is lower than the Vicat softening 5point B/50(inner)- 7. Laminar structure
according to at least one of claims 1 to 6, characterised 18 that the plastic film having the laser printed
security feature(s) that is used has a specific surface resistance of 107 to 1013 Q, preferably 108 to 1012
Q. 8. Laminar structure according to at least one of claims 1 to 7, characterised in that the 10

thermoplastic composifiorFof ¥ PESHEHIMITEiIAY T Fae? SPHTRAPESHE RS e fird(E) ¥ tEed

contains an additive selecpethfdifDguaterdary ammonium or phosphonium salts of a partially fluorinated
or perfluorinated organic acid or quaternary ammonium or phosphonium hexafluorophosphates. 9.

Laminar structure accayding taatdeast0ne.af claimsidyte g ueharactieriseeinithas themtmiharmeplastic of

the filled layers is mutually independently at least one thermoplastic selected from polymers of
ethylene-unsaturated moXlﬁ‘l’%@éﬂ&%F%ﬁ%ﬁ@éﬁs@t@%ﬁ*bﬁ@h‘gﬁﬁr}ﬁ}”ﬁé]&%gi%odfﬁb?ﬁﬂfél}?ﬁ'eferabIy
one or moré polycarbonatgsiarR6falycarbonates based on diphenols, poly- or copolyacrylates and poly-
or copolymethacrylates, polymers or copolymers with styrene, polyurethanes, and poly- 20olefins, poly- or

copolycondensates of {eraphthalic Acid Qomixiies: theteof10r LaminpisUUughie @ce dingfat least one
of claims 1 to 9, characterised in that the laser printed watermark(s) is (are) one or more part-surface

impressions, preferabl'8H& JH SR ol inmsraadisrriy fealinihar Bt uiire bbb ARGt least
one of claims 1 to 10, chatactesiseddndhavthe 125 fillerdreikiafillétidayeiis a coloured pigment or
another filler for producing a translucency in the filled layers, preferably titanium dioxide, zirconium

dioxide, barium syjfate;ongiassifikigR addrdAMNa Sl chyeagsarding to, ahierstang of Glaims 1 to 11,
characterised in that a further layer consisting of at least one thermoplastic is applied to at least one layer,

30preferadfy to one of RETRBEHEd I9P8ASIHORICH fhtnRRibs el e tiyaparBnt Bid MRt S8 ast one
part-surface impressiofsapieieyably & past-suriace aoladdilnsescprinie drimpiessiansypaticotardy preferably a

partsurace colour lasgf AIES MRIRESIS" ISk, HIBISIRN O% PRIISRALGR A1 o g faser

quaternary ammonium or phosphonium hexafluorophosphates.

9.  Laminar structure according to at least one of claims 1 to 8, characterised in that the

15 thermoplastic of the filled layers is mutually independently at least one thermoplastic
selected from polymers of ethylene-unsaturated monomers and/or polycondensates of

bifunctional reactive compounds, preferably one or more polycarbonates or
copolycarbonates based on diphenols, poly- or copolyacrylates and poly- or
copolymethacrylates, polymers or copolymers with styrene, polyurethanes, and poly-

20 olefins, poly- or copolycondensates of terephthalic acid or mixtures thereof.

10. Laminar structure according to at least one of claims 1 to 9, characterised in that the
laser printed watermark(s) is (are) one or more part-surface impressions, preferably

one or more individual impressions.

11. Laminar structure according to at least one of claims 1 to 10, characterised in that the
25 filler in the filled layers is a coloured pigment or another filler for producing a
translucency in the filled layers, preferably titanium dioxide, zirconium dioxide,

barium sulfate or glass fibres.

12.  Laminar structure according to at least one of claims 1 to 11, characterised in that a
further layer consisting of at least one thermoplastic is applied to at least one layer,

30 preferably to one of the two filled layers, which further layer is transparent and has at



13. Security or value document, preferably a personalised security document, containing 5at least one
laminar structure according to at least one of claims 1 to 12. 14. Process for producing a security or value
document according to claim 13, characterised in that aBleast a.one plastic film consisting of at least one
thermoplastic and optionally at least one filler is laser printed on one side with at least one watermark,
and 10b.the plastic film printed with at least. one watermark is provided on the other side or at least one

further plastic film consfihg'8t ALY Site TRRHTENa SR HAR b StiBALIR 2298 a5 8He A RB¥glided on
one side with at least angpasiesufaceuipyessitimtpyefe rakiyctiourctdser puntgdiwitth ahpeastoane
part-surface colour impressi n c.a film,st is.forme ini least irst plastic film
consisting of at least or‘%ve% i%e?}g;ﬁ((% agj%?ﬁ frné ;{aﬁl?/e%%%t({)%i lhrl?grrg?(iﬁgtg%ﬁé%g ﬁ%%%a %%%%%gst one further
plastic film consisting of at least one thermoplastic and at least one filler (“further filled film™), and
200ptionally at least ot $HARS SR rAMEHIASHR M mPET BNy Rsf sonfdised S AXBINALHE BERLEN the first
and the further filled film Eintermbdiaier ilmd)ywhereidinbeolaskaprinted watesmask(x) is (are) located on at
least one of the films specified in i), ii) or iii) and if the laser printed 25 watermark(s) is (are) located on

the intermediate fijgn spesified fo-Hpxdaanibis il isimreratively dniudsd indbeifisn stagkiandsthe films
are arranged in such a way that the laser printed watermark(s) is (are) located between the first and the
further filled film, and characterised in that at least

a.  one plastic film consisting of at least one thermoplastic and optionally at least

one filler is laser printed on one side with at least one watermark, and

10 b.  the plastic film printed with at least one watermark is provided on the other side
or at least one further plastic film consisting of at least one thermoplastic and
optionally at least one filler is provided on one side with at least one part-
surface impression, preferably colour laser printed with at least one part-surface

colour impression, and
15 c.  afilm stack is formed containing

i) at least one first plastic film consisting of at least one

thermoplastic and at least one filler ("first filled film"), and

ii) at least one further plastic film consisting of at least one

thermoplastic and at least one filler ("further filled film"), and

20 iii) optionally at least one transparent plastic film consisting of at
least one thermoplastic between the first and the further filled

film ("intermediate film"),

wherein the laser printed watermark(s) is (are) located on at least
one of the films specified in 1), ii) or iii) and if the laser printed

25 watermark(s) is (are) located on the intermediate film specified
in iii) then this film is imperatively included in the film stack,
and the films are arranged in such a way that the laser printed
watermark(s) is (are) located between the first and the further
filled film, and



- 31 - iv) optionally at least one further transparent plastic film resting on one of the filled films, which
displays the laser printed part-surface impression, preferably colour laser printed part-surface colour
impression ("impression film"), and 5v)optionally further prretective plastic films ("protective film(s)"), and
d.the film stack is then laminated and/or glued.

iv) optionally at least one further transparent plastic film resting on
one of the filled films, which displays the laser printed part-
surface impression, preferably colour laser printed part-surface

colour impression ("impression film"), and

5 v)  optionally further protective plastic films ("protective film(s)"),

and

d.  the film stack is then laminated and/or glued.



