METHOD FOR PBRINTING A LAYER ON A PORTABLE CARRIER
BCDY, NOTABLY A MEMORY CARDB, AND A CARRIER BODY PRINTED
ACCORDING TC SUCHE A METHOD

The invention relates to the field of printing and
concerns more particularly the printing of a wisible
thermoplastic or thermosetting polymerised layer of a

portable information carrier body.

The term printing must be considered, in the
presenpt invention, in a broad sensé, as being a
technique in which an action is exerted on an objsct so
as to lsave 2 visible mark on the said ebject. The
portable information carrier can be of any type. It is
however a case notably of a standard information
carrier in the chip card format to which reference will
be made in the follewing description.
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Chip cards and, more generally, memory cards, have
a thermoplastic or thermosetting card body formed by
ene or more layvers. Two faces of the éaid bedy are
viaible. These faces show a drawing, a Jloge, a
photographic reproduction and, very often, written
information printed in series according te varlicus
known methods. o

Some printing methads use the simple deposition of
a conventlonal ink. Other methods, genémlly more

rapid and precise, use lasers.

Amongst the latter, methéds are known in which a
heat transfer of a coloured ink is effected by means of.

a laser and from a heat-resistance transfer film

applied to cne face of the polymerised card body. With

differant films or different segments of the same £llm
containing inks of different colours, a card body is
ocbtained sghowing a coloured pattern according to the
travel of the laser radlation on the f£ilm or £ilms.
However, such methods, referred te as indirect, require
an intermediary f£ilm from which the inks will be
dé};ffusad, apd are therefore slow. In addition, given
that the diameter of the laser radiation ap?lied to the
film or films pust be sufficlent so that the inks can
be transferred to the surface and/or inte the cazd body
and that,- in addition, the coloured inks, which were
net initi‘ially,"pmsant in the card body, may diffuse in |
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the said bedy, the definition of the pattern obtained

is mediocre,

In other known methods, a given area of a top
layer cf'a multiﬁlayex card body is removed, by virtue
of a laser of the YAG type adjusted so as to emit an
electromagnetic radiaticn in the infrared xesgion, so
that a sub-laver of the said bedy, whose colour -is
different from that of the top layer, é@paazs. With
several superimposed layers of different colours, it is
possible to obtain a multi-colour card body where the
pattern is defined by a directed scanning of the laser
',radiati@nm However, the removal of all the layers or
sub-layers which cover a sub-layer in order tc cbtain a
given colour in a predetermined area of thé sald sub-
- layer rsquires in theory several passages of the laser,
which extends the duration of <the processes. In
additien, produets'are wasted and the surface of the
printed card body doces not remain intact since it shows
differencses in relief. Because of this, it is not
always possible te correctly place, on the sald card
bedy, a perfectly flat tﬁanspazent Eilm. -

Yet other methods propose either an evaporation of

" particular areas of the surface of the card boedy, or a |
feaming of the sald areas. This evapéﬁati@n or foaming
are caused by the heat released from a laser radiatien.

The evaporation leaves a hole and can cause a coloured



o 5@@1@%3 on the card body to appear. Foaming changes
the nature of the surface of the cazd body, which for
sxample éh@ws differencas in refractive index giving
rise tc the patteﬁms. These methods are in general
alow and the definition of the pattern, and its
contrast, are mediccre. In addition, as before, the

surface of the card body does not remain intact.

'Finally, sc-called bleaching methods propose a
éimcted_and selective destruction of pigments or other
celoured molecules contained in a layer of the card
bedy by meaps of laser whose radiation is smitted in
the visible range. The colour appears negatively.
Thus, in order te cause a given colour to appear, two
lassr irradiations are necéssary. For example, in
order to cause blue to appear on the surface of a black
layer of a card body having blue, red and yellow
plgments all together, twé laser radiations loecally
destrcy, one of them the red pigments and the other the
yellow plgments. If it is wished to cbtain white, the
black layer of the card body is itradiatéd with three
laser radiations of different wavelengths. Thess
- wetheds are slow since obtaining a colour at a given
point requires meveral irradiations. In addition, the
white obtained is imperfect since the destruction of
the pimenﬁs or coloured molecules is never complete
and, in practice, it is found that the colours cbtained

are pale,



(4]

considering the aforementioned state of the art, a
preblem which the invention sets out to resolve is to
propose a novel mathod of printing in series a .visible_
thezmoplastic or setting poclymerised layer on a
portable information carrier bedy, which is fast and
which leaves the surface of the said layer intact.

The object of the olaimed solution of the
invention 4is & method of printing =2 wvisible
thermopliastic or satﬁing polymerised layer on a
portable informaticn carrier b_ody, characterised in

that it inciudes the following steps:
- nixing

a thermoplastie or setting polymerisable
bindexr, and

at least one phetochromic compound sensitive
te laser radiation of a given wavelength so as to
change from a first state tc a second coloured state,

with 8 view to forming a mixtﬁrg;

- dirradiating the mixture by means of a laser
radiation of a given wavelength,

- fixing the second coloured state; and



= polymerising the mixture so as to form the
polymerised layer @f_the carrier body.

~ Thus, in order to obtain a 'given colouzr, a
pesitive process is carried out: the suitable
photochropic compound is irradiated with a single laser

radiation with a chosen wavelength.

In addition, an object of the inventien is a
portable information carrier havinmg a visible printed
thermoplastic or setting peolymerised layer on a carziler
body, characterised in that the sald polymerised layer

contains:

- a thermoplastis or setting pelymerised binder:;
and '

= at least one photochromic compound fixed in a
second coloured state cbtained from a f£irst state by
irradiation by means of a laser radiation of given

wavelength.

Thé following daségiptign will give a better
understanding of ihe'way in which the invention can be
put inte practice. It is.dﬁafted with regard te a non-
limitative example embodiment relating tc a memory
carrier ‘in a oard format of the chip card type.



However, _it is teo be understood that the dinvention
applies to any information carrier, of any kind, in so
- far as the sald parrier has a visible thermoplastic or

setting polymerised layer.

Chip .cards principslly contain a micrcmdulg
ineluded in a card body.

The micromodule is composed of an integrated
eircuit chip nonnected <to wmetallic pads forming
metallisatiqns showing on the surface sf the body of
the capd and/or an antenna embedded in the said body.
Depanding on whether the micromodule is connectad to an
antenna or to pads, the chip card iz sald respectively
to be of contactless operation or operation with
.contacts. Where the card has twe functloning modes, it
iz said to be hybrid. |

The card body is a resctangular paréllelepiped .ef
-gmll thickness whose' dimensicns, as defined notably by
standard 7810, are around B85 mm in length, ‘54 mm in
width and 0.76 mm in thickness. The card body shows
thereby six faces, including two large parallel €£lat
faces, It is cgﬁp@sed of cne or more superimposed
layers, ome layer of the said body appearing on each of
the layge faces. These visible lavers are printed and
show any pattern, coloured or etherwise. They are
posslbly covered with a transparent protecti%fa £ilm.



The different layers of the ocard body and, in
particular, the wvisible layers of the sald body, are
polymerised thermoplastic or thermo- ox photosetting.
'Tﬁey therefore comprise a polymer with cne oxr more
mopamers.  Monomers axe for example: acrylonitrile
putadiene styrene  (ABS),  polycarbonate (BC),
p@lyéthylens terephthalate (PET), polyvinyl chloride
(EVG),"pol§ﬁethyl methacrylate (PMMA) or any other
polymeric derivative of the acrylic eor methacrylic
system. |

The layer er layers cf the card body are white orx
whitish in colouyr.  This colour can be improved by
adding, te the composition of the card bedy, a nineral
filler, <for example calcium carbomate or titanium
dioxide. It should be noted that the white colour is
not liﬁmitative and that certain card bodies are, before
printing, coloured or evan transparent in the case of a

card body made of PMMA for example.

The printing methed. of the invention includes
different steps. ' '

A first step relates to a miixi,ng, in the liquid
phase, of at least one poclymerisable binder, at least
one photeochremic compound and, advantageausly, at least



ona reagent. The mixture bhtaiﬁgd is liguid, more ox

less vigg@uao

The polymerisable binder is a binder intended to
form the polymerised structure or polymeric lattice of
the visible layer or layers of the card body and the .
other layers of the said bedy. It eontains one or more
monomers or oligemers, one or more polymers, a reagent
for +the ©polymerisation of the said monomers or
cligemers, a reagent intended for a polymerisation or
even a gast~pelymexisatian of the polymers, and various
c@mpaundé or additives, for example a wmineral f£iller
inteﬁdad for bieachiﬁg the card and a solvent. |

The photochremic compounds are compounds able to
'undezga a reversible transformaticon caused by an
@lect:@magnetic radiation between twe states 'having
different absorption spectra. A first state is

characterised by a first abserption spectrum which
| eontains at least one absorption band and a3 second
state is characterised by a second abserption spectrum
which alsc containz at least cne abscxptien'bandn In
thelir first staté, the photochromic compounds are
normally colourless and their absorption spectrum doss
not beleng to the -visible range, i.e. to the range
whose wavelengths are bétween 400 end 780 nm. However,
an absorption band of the said spectrum is situated

outgide the visible range, im the ultraviclet range,
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i.e. in the range where the wavelsngths | are between 20
and 400 nm. Preferentially, the said band is situated
~in a range from 200 to 400 nm. Thus an electromagnetic
radiation whose wavelength is situated in the
aforementioned absorption band is able to cause a
transformation of the photochromic compound, from the
 first atate to the éeconda This transformation can be
unimoleéular or bimclecular. The time taken £Lor
passing from the first state to the second state is
very short, leass than around 20 ns, in one example 40
to 50 ps, for spircnaphthooxazines. In their second
state, ﬁh@ photochromic compounds absgorb some of the
light which they =zecelve, since their absorption
gpéétmm contains, in this second state, bands situated
in the wvisible range., The said photochromic compounds
thepefore appear coloured. The transformation is
reverszible -apd, given .that. the  second state is
metastable, a photochromic compound in lts second state
is able to transform itself into its first, more stable
state. Accerding to the way 4n  which +he
traﬁafomtion cf the photochromic compounds takes
place from the second ‘state to the first state, the
said cowpounds are either photoreversible, or
thermoreversible, or photothermorsversibla, - er
multiphotochromic or electrochemical.

The photochromic compounds of the invention can
simply be dissolved in the sclvent of the mixture or



11

advantagecusly contained in micr@pégticlas exr
micrccapsules which“dissalve'in'ﬁhe said solwvent, thus
releasing the said compounds inte the mixture. They
. are scluble in the polymerisable binder. To this end,
chains, for example hydrophilic chains,  can
advantagecusly be grafted onto the said compounds .

In practice, the mixture of the invention contains
three differant colourless photochremic compounds: a.
£irst, a second and a third compound. The £irst
couwpound appeard, in its second state, yellew or green,
the Bsecond - compound appears, irn its second state,
magenta red, and a third compound appeaxrs, in its
seccnd state, cyan blue. These compounds are chosen so
that, in the mixture, the absorption band of the Ffirst
compeund in  its firs: sﬁate is distinquished
sufficiently from the absecrpticn bénd of the second
compound ‘in its f£irst state, the said bands alsc being
distinguishgﬁ sufficiently from the abscrption band of
-the third compound in .its first state. Thus, in the
mixture, it is possible to selectively irradiate one of
the cempounds in its absorptien band in order to cause
its transformation, without the transformation of the
other compound eccurring.

Bhctochromic compounds which can advantageously be
usad in the method af the inventien are bi- or
- pelycyolic spirannic compounds having ene carbon atem
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common to two i ings: the spiramnnic atom. -'Rmangst these
c@mgmunds, ths apirccxazines and the spiropyranes and
derived compounds react, under the effect of an
electromagnetic radiation E, according to the following

reaction:

first state second state
non-plane shape ‘plane shapse

In thelr f.iz:s-t state, the rings of the spirannic
atom of the spirooxazines and gpizd;syraneg are
distributed in space at <right-angles and appear
solourless. However, in their second state, these
zings form a plane and appear coloured. In additien,
. these compounds have the property of being able to be
mized in a polymeric medium whilst presexrving, in’ such
a mgd;ium, their photochremic properties.  Naturally,
according to the nature, for example the polarity or
viscosity o©f the mixture, - the said -pz:epertiés can be
- wodified and, notably, i1t is possible te @bserva,' on
the coloured form of the second'state, hypsochramic or
 bathechromic effects which may range up. to 80 am.

This Sheet Has Been K ' ) :
III T -

REPLACED
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_ Naturally,  ather photochremic compounds can be -
used. These may for example be chsmgnes? whosa geaneral
forpulae are of the type: |

The reagent or maggﬁts are intended te fix the
second coloured gtate and the coloured state sclely of
the photechromic c@?ﬁ@@uné or compounds present in the
. mixture and solely this second coleured state. It is a
‘case, in one examplae, of divalent metal salts 'su@h as
Mn®*, Ni%*, zn®',. ca®, ®?, cd®, Mg™ or Co® or Cu®
genazally asscciated with a mineral counter-ion of the
type NG,™, €17, Br" ox Cl0,", but alse with an oxganic
counter~jon  such as  l-hydroxy~-2-naphthoate, 2~
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hydxgxyhanzoaté, 2mhyd:cxy@agbazcleﬁlécazb@xylate, or
'gzgamﬁmet_allic sa@l@xe.s such as [Ni, -acetylacetene,
N,N,N*, N} eteﬁrameﬁhylsthyl@nadiamineﬁ ClC¢s
[Ni.acetylacetone-N,N,N',N'~ |
tetramsthylathylenediamine] BFh,,
[¥i.benzoylacetona~N,N,N*, N'~
tetramethylethylenediamine]Cl0,.

The mixture will .hcwavex: advantagecusly include

cther compounds.

It is a case notably of additives, for example
solvents, £or separating the spectra, the absorption
bands of the photochremic compounds present in the
mixtyre 3o that a laser =radiation acts on a given
phetochromic compound and sglely con this phoetochremic

cempeund without the possibility of interference.

It ls also a case of different additives, such as
anti-UV stabilisers intended to protect the carriex
from agelng. '

The mixture cobtained, containing the photochromic
c@m@;@undg,' is then, accomding to the invention, spread
on a supp@i:;t for manufacturing the iagezz .té be printed
of the card bedy. This -support céﬂsis‘tg, in one
example, of a base and lateral sides forming a frame.
This f_:avity can contain one or more polymerised or pre-

pelymerised layers or sub-layers of .the card bedy as
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well as, optionally, a micromedule inserted in the said

layeras or sub-laysrs.

Next the mixtnge spgead on the manufacturing
support for the layer to be pzinteﬁ is irradiated with
a lasex electx@magnetic radiatien whose wavelength
b@lcngs to the UV range and, preferably, tec the range
eﬁtendiné_ffam 200 to 400 nm, and correspending to an
absorptien band cf one and only one photochromic
compound present in the mixture, so that the said
compeund is transformed into the coloured form of its
sacond state. It should be noted that the power of the
laser irradiations can be modiulated, notably according
te the wavelength, so that, for example, the
photochromic response is itself modulated, the colours
ebtained being thereby shaded. |

Thus, when the mi#ture contains n different -
photechromic compounds wherxe n is an integer number, it
can be irradiated by n laser radiaticme, each radiation
having a given wavelength able te - cause the
transformation- of one and only one photochromic
@@mp@un@ amengst the n compounds. In other words, the
n photochromic compounds are sensitive'xesge@tiva%y and
sclely to 'the n wavelengths of the laser radiations
izzadiating the_ca;rier. More particulacly, whaﬁe,the
card bedy contains three colourless phetochromic
compounds in thelr first state and, respectively, green
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or yellow, m@genta'red and cyan blue ip their second
state} the  irradiation is effected by three radiaticns
of different wavelengths 4in the UV reglom, in
particular the aforementioned regien ranging from 200
to 400 nm, a £irst radiation causing the transformation
of the first compound inte its green or yellow form, a
ga@@ﬁd radiation @amsing +the transformatien of the
second compound into its magenta red form and a third
radiation causing the transfcrmati@n of <the <third
cempound into its cyan blue form. The printing &slthen
polychromic. '

The irradiation l1s effected by laser radiations,
syccesaively or simulﬁaneously, It is dizected to
.pre@ige pciﬁta en the surface of the layer toc be
printed, according to the desired patterm. To this
end, the irradiation is effected point by point, using
8 laser besm of given diameter, or through a filter.
It being a case of the relative mevement of the lasex
radiations with respect %c the layer to be printed on
the cazrd body, different cases are possible: either the
manufactyring support for the layer moves with respect
te the laser radiations which remain in a f£isxed
positien, or the laser radiations move with respect to
the sald fixed support, or the manufacturing support
and the radiations move at the same time. These
movements are centrolled and c@c;dinated.by a computer
provided with sultable software.
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_ The irradiation ls effected befoxe or after a step
of pre-polymerisaticn or polymerisation of the spread
‘mixture and/or evaporation of the salvent,‘in the case
of thermoplastics. Thus, accerding to cimumstancés,
the irradiation is effected on the mixture spread in a
more or less viscous liguid state, or in & pre-
polymerised solid state, that is to say partially

polymerised, or polymerised.

Where the polymerisation and/or solvent
evaporation step has not been effected before
irradiation, it is effected afterwards. This
polymerisation can be supplamented' by a post
polymerisation or post-crosslinking which results in a
manufacture of crosslinked, interpenetrated or semi-
inteypenetrated lattices, starting froem a combination
of two types of successive reactions proceeding fzrom

different mechanisms.

Another step of the method of the invention is the
fizing, irreversible, of the photochromic compounds in
| their secpend coloured state, so that the printing
pattern is preserved and notably cannot change in
sunlight. Return to the initial t#ansparent form is
thus pm%nﬁede This fixing is effected, for example,
by the fixing reagent. '
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Iin . oane example, a spimnkazme,
spizenaphthocxazine, 18 blocked, in its second state,
by 2 meﬁallic.'c@mplex Zng ;5 C0,ROH in the folleowing

fashiocn:

In another step of the mathed of the invention,

the colourless form of the photochromic compounds which

hgve not changed sgtate is fixed irreversibly. This
fixi-,ng. sap be effected by means of a reagent. The
colourleass feorm can alsc be déétmyed by a rise in
temperature and under UV, with a wavelength less than
approxzimately 200 nm. . For example, in the case of
spirooxazinas, very short UV rays, arcund 100 nm,
result -in a destruction of the bonda. As praviocusly,
the power of the UV ecan be modulated so as to modulate
th% fixing of the colourlese formn of the photochromic

compounds.

The definitive fixing or blocking of the celeoured
and non-coloured ferms of the photechremie compounds

can pe effected or improved by the polymerisatiocn or
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post-polymerisaticn of the mixture, for example under
the effect of UV insolatien of short wavelength. This
UV insolation can alsc trigger the blocking by the
fixing reagents without triggering post-polymezisation,

.The aforementioned £ixing and/or blocking steps
can be performed at the same time. The blecking of the
coleured and non-coloured forms can alsc be simply

mechanical, by evaporation cf ﬁhe solvents.

Thus the printed patterns do not - show any
degradation over time or under the effect of heat ox
light.

The post-polymerisation can be localised. It will
move substances and will give rise te a difference in
refractive Iindex, the substance then appearing in
polychramatic relief.

Finally, ¢the printed card can be dried with
evaporation of solvents so as to obtain a £inished

preoduct.

Ey'virtue of the method of the invention, it is
possible to print, directly and positively,
appr@ximaﬁely_zu,aﬁa visible layers_br card faces per
- hour, which remain intact after pgiﬁting. In addition,
the definition of the printed patterns is, in theory,



20

molecular. In pgactice, it dis limited, where the
irradiatien is carrzied out through a f£ilter, to the
dimensions of the frame of the said filter and, where
the irradiation is effected point by 'péint; te the
dimensions of the beam at the surface of the irradiated
lavex. - '
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CLAIMS
, i. A method for printing a visible thermoplastic
_or setting polymerised layer on a portable information
carrier bbdy, characterised in that it includes the
" follawing steps:

- pixing

a thermoplastiec or setting  polymerisable
binder, and '

at least cone photocchromic compound sensitive to
‘laser radiation of a given wavelength sc¢ as te change
from a first state to a zeccnd coloured state,

with a view to forming a mizture;

= drzadiating the mixture by means of 2 laser
radiation of a given wavelength,

- fixing the second colouyred state; and

- polymerising the mixture soc as to form the
polymerised layer of the carrier body.

2. A method accezdj,ng to Claim 1, characterised
in that the wixing step comprises the mizing of a
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reggent intended to fix the second coloured state of
the photochromic cémpaund, the £ixing of the second
celoured state thus being caused by the reagent.

3, A method accerding te Claim 1, characterised
in that the first state of the photochremic compound is

asoloyrless.

4. A methocd according to one eof Claims 1, 2 or 3,
characterised in that the mixing step is effected with
@. different photechremic camp@uﬁds where n 4is an
 integer number, and in that the irradiatiocn step is
effected by laser irradiation with n different
wavelengths, each wavelangth being intended to cause
cne and only one photochromic compound to change froem g

first state to 2 second coloured state.

5. A method according te Claim 4, characterised
in that n is equal toc 3 and in that a first compound
has a second green or yellow calcured state, a second
compound has a second magenta red coloured state and a

third compound has a second cyan blue coeloured state.

6. A methed accozding_tc cne of Claims 4 or 5,
@hazactezisag in that the irradistion of the =n
photochromic compounds by means of the 1n laser

radiations is effected simultanesusly.

R0 N0 A
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7. A method acoording teo one of Claims 4 or 5,
characterised ip that the irradiation of the =n
photochromic compounds by the n laser radiations  is

effected successively.

8. A method according to one of the preceding
claims, characterised in that the mixture also contains
additives for separating the excitation bands of the
photochromic compounds present in the migture so that

there ia ne interference.

8. A method accerding to one of the preceding
claims, characterised in that <the irradiatien is

effected in the ultraviolet range.

10. 2 method according toc one of the preceding
claims, characterised in that it alse includes a post-
polymerisation step. '

- 13, Application of the method accoxding to ene of
the preceding claims to the p;inting of memory cards,
notably chip cards,

12. A portable information carrier, having a
viaible printed thermoplastiec oz setting polymerised
layer on a carrier body, characterised in that the said.

pelymerised layer contains:

&®

N O
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- a thermoplastic or thermosetting pgl.ylmgried_
binder; and

- at least obne photochromic compound fized in a
sscond coloured state obtained from a first state by
irradiation by weans of a laser radiation of gliven

wavelength.

13. 2 portable information carrier according te
Claim 12, characterised inm that it constitutes a chip

card, notably a memory card.

L
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