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10 Background Art

Security documents have a substrate, which
may be flexible, and on or in which there is arranged at
least one security feature for the verification of the

15 authenticity of the security document.

Volume or surface holograms or refractive
gratings have, inter alia, been suggested as security
features, in particular for bank notes, credit cards or
passports. Even though such features are hard to counter-

20 -feit, they can be imitated if sufficient efforts are un-

dertaken by a counterfeiter.

Disclosure of the Invention

25
Hence, it is an object to provide a security

document of the type mentioned initially that further im-
proves counterfeiting security.
This object is achieved by a security docu-
30 ment comprising a substrate and an optical waveguide ar-
ranged on and/or in said substrate. The waveguide com-
prises at least a coupler structured and adapted for cou-
pling light into the waveguide and/or for coupling light
out from the waveguide.
35 Since waveguides are generally difficult to

manufacture, this measure increases security. The coupler



2 allows to couple light into the wavegui de or to observe |ight guided

w thin the wavegui de. The wavegui de can be an item separate
fromthe wohstweees for exanple if the substrate is forwed/dazo®/@umdsor nore
sheets of paper. It can, however, als® be part of the substrate, e.g. if
the substrate is nade froma transparent material, such as a polyner foil.
The docunent advantageously conprises a first and a second coupler. The two

coupl ers at—ﬁ1%wsa%e@o%%qelql%wtuqh%e%%umvfe@%tldlé P eOUsRGJt o the
wavegui de by neans  of first coupler is at I'east partially transmtted

to and couph&@toguisgc Wd thdEoklecHayesiiidehi s nmakes it possible to operate
and verify the WﬁVegUl@ﬁebwaﬂEQBSd@fcén|bghbnSQuéﬁesé@éraﬂeobiamvatlOn

h 1 det. th i de.
Advant ageoubFy S PRETlBet FRF e TR CrardBAPORE (P 8. SbiorBy Tor the
l'i ght gui dedei prsacdewanegtisde) gagefras Ia wandowooevieal, f alisedbw. At | east
one COUP'GFGE% %&r%p%e%ubBtEQ%éN %dgrbl¥h%%eahbﬁ@%r%%ee§%'hﬁd%OfQQﬁﬁrve

| i ght coup out o e coupler an r to easily couple light into the
wavegui de BhtsagaPERENEoNplteriakhi BEChDSE 6f PERETMESUBIReR -can be prot ect ed

by the substrate. The @H@sabahﬁeﬁayaabgﬁtgggaﬁs§9 EWRpWE BEewWs 25_r@rt
hal f-wi ndows, with the firs cougk' arran in the ?lrst wi nhdo

hal f - wi ndoP8né SREC8EcERYPLEE Cat8nge 2 FEth8T8e 8RR 6N
hal f - mnﬂdommrﬁheumadegubdetemtemdghbetwapﬂeﬁh&ntbrsheamdvbbelgecmnd wi ndow.

Thi s desig |.I.o Le n g LQu one of the
w ndows an@ % ser%ekﬁﬁ %#B ht ngHFE E% %er§%¥?h§ %g&éﬁégdgqﬁﬁgough t he
second wi ndéwted to and COUplEd QﬁﬁthertaévéﬁﬁagéoGguéﬁﬁédlﬁ@nﬁ t he

document CcRERELSES gogg%m@seenb @xgt@r gaeg%@rwyorth@nwra%gvxaw%gwyde whi ch
dye is lum nescent under irrad |aF|on of light, e.g. light guided by the

wavegui de, "§8BR Phaf ﬂﬁ@hayéoééﬁebénGséB P8F6§W§Eéppzmﬁ§nﬁhéSHF@séﬁbe of
light in thehwakaguydeorAkt aenaticvelyoutBedeurhaesaoagudye.can WO
2011/072405PCT/CH2009/8§040 3 em Iiggt ungeé i%radlatlon by |ight shone
onto the wavegui de, w tH'at"f %ﬁg?s%éft f tHeSenftted® I'Ght then

pr opagat i ngrahepgrehé Wavegurbeorbibg foupkbd dauh&l gewherde in5Fhad dvavegui de

can be e”bQququHebegﬁH R85~ a2 window or half-window. At least one
coupler is arranged in the window. This allows to easily
20 Observe light coupled out of the coupler and/or to easily
couple light into the waveguide through the coupler,
while most of the coupler can be protected by the sub-
strate.
The substrate may also comprise two windows
25 or half-windows, with the first coupler arranged in the
first window or half-window and the second coupler ar-
ranged in the second window or half-window. The waveguide
extends between the first énd the second window. This de-
sign allows to couple light into the waveguide through
30 one of the windows and observe the light coupled out from
the waveguide through the second window.

. In another advantageous embodiment, the docu-
ment comprises a luminescent dye arranged in or on the
waveguide, which dye is luminescent under irradiation of

35 light, e.g. light guided by the waveguide, such that the
dye can be used for visualizing the presence of light in

the waveguide. Alternatively, the luminescent dye can



tially in the substrate, thereby maki ng an exchange or renoval nore
difficult. I f the wavegui de conprises a first and a second

| ayer, wiwb 20h@7bdo6st | ayer having a refractive index nproirgheoo%deedvst he
second |l ayer, the first layer can be 8sed to guide the optical waves, while
the second | ayer serves to isolate the guided wave fromthe surroundi ngs.
In particular, the second | ayer can be arranged between the first |ayer and

the substraher thghebynpeeverthRgasabd 19 Wayatt anbecabsepbedeor scattered
by the substrate. Advantageou conprises _a third

g ly, the waveguide al so
| ayer, agaWﬁVﬁﬁPﬁthewFFPsFtliﬁ@?thB9FﬁgO§ ﬁh§h§P1F§F9a3ﬂ9@§ i‘R§& t han t he
third | ayeprophgatingt al.aygr the anrvaggedebebweencvheleecond aidet-he third
| ayer, theaﬁg¥eisolating 20 the wave guided in the first layer on both
sides. This s particularly useful if the wavegui de is enbedded at | east
over pant of its |engthhé¢ nwanhegsuddst canebe 28Bpedfiedestrilpasbnraft—t he

Drawi ngs tja11y in the IfiBstPYEBLI PRcWEbl RexBALt gh Wadansheodrand obj ects
ot her than those_set forth above w Il beconme apparent when consideration is

gi ven to t AeMPBRLoMPAY deffB6uthil ed description. Such description makes

reference to the annexefl gi@wagsguiherebfprises a first ahga 3ets shows a
. .2 Shows a

secti onal Ul arBhy 7RG FPe3E TF o SEPg. P2V P 5°CRRS 4osdBeronal vi ew
of a segonbigherbbdanehhe s¥WPRO1140F240Bhe fPCILCH2069/ 060408 used
to guide the optical waves, while the second layer serves
to isolate the guided wave from the surroundings. In par-
ticular, the second layer can be arranged between the
first layer and the substrate, thereby preventing said
15 wave toc be absorbed or scattered by the substrate. Advan-
tageously, the waveguide also comprises a third layer,
again with the first layer having a higher refractive in-
dex than the third layer. The first layer is arranged be-
tween the second and the third layer, thereby isolating
20 the wave guided in the first layer on both sides. This is
particularly useful if the waveguide is embedded at least

over part of its length in the substrate.

25 Brief Description of the Drawings

The invention will be better understood and
objects other than those set forth above will become ap-
parent when consideration is given to the following de-

30 tailed description. Such description makes reference to
the annexed drawings, wherein:

Fig. 1 is shows a first embodiment of a secu-
rity document,

Fig. 2 shows a sectional view along line II-

35 II of Fig. 1,

Fig. 3 shows a sectional view of a second em-

bodiment,



4 Fig. bodinent, Fig. bodinent, 5Fig. thread, Fig. waveguide, Fig. a
waveguide and 4 5 6 7 8 shows shows shows shows shows a sectional view of a
t hird emwosecti7emal view of a fourth em an enbodi nent wcrltrRRo®EDUOSt Y an
enl arged sectional view of a a first method for manufacturing

Fig. 4 shows a sectional view of a third em-

bodiment,
Fig. 5 shows a sectional view of a fourth em-
bodiment,
5 Fig. 6 shows an embodiment with a security
thread,
Fig. 7 shows an enlarged sectional view of a
waveguide,

Fig. 8 shows a first method for manufacturing
10 a waveguide and
Fig. 9 shows a second method for manufactur-
ing a waveguide.

Note: The figures are not to scale.

15
Modes for Carrying Out the Invention

Definitions:
The term “security document” encompasses any
20 type of document that contains a security feature that
makes it difficult to reproduce. Examples for security
documents of this type are banknotes, passports, checks,
stock certificates, tickets, credit cards, or ID cards.

The term “light” is to be understood as light

25 having a wavelength in the infrared, visible or ultravio-
let range. In an advantageous embodiment, the term
“light” refers to visible light only.

An “optical waveguide” is a body of substan-

tially transparent material able to guide the light due
30 to an elevated refractive index as compared to its sur-
roundings.

A “window” in the substrate describes a
transparent region in an otherwise substantially non-
transparent substrate. The window can be completely sur-

35 rounded by the non-transparent substrate, or it can be

located at an edge of the substrate.



Fig. ing a waveguide. 9 shows a second nethod for manufactur- Note: The
figures are not to scale. 15 Modes for Carrying Qut the Invention

Def i ni ti owe:20flimg2406r m "security docunment” enconpasses am¢TAMH2§HBOWME
docunent that contains a security feafure that nmakes it difficult to
reproduce. Exanples for security docunents of this type are banknotes,
passports, checks, stock certificates, tickets, credit cards, or |ID cards.

The term"light" is toAbwféswfw&@'%lﬁr%ts@ésbﬁngl@mngo%g&h in the

infrared, visible or ultraviolet range. In an advantageo dinent, the
term "I ghtle r 8flRF 5r2be VFQPBF £5EF ghYO oRPY- transparent laYﬁﬁSVoHﬂFEal

wavegui de"thé wabogyieé sHbstasti Bétycbnatspal enthavkekiakloabie Lo guide

the light due 30 to an elevated refractive index as coppared to its
sur roundi rged o0 wiefe &n “SBaning 8 IFOPHeq hih OBg P L BhBelerPbEs a

transpatentitlegion othan bayer wseasubsgamtatty non-transparent substrate.

The w ndow can be corrplll,gé egé/ ur g {}%e&%% g}gtt,nogmgé@lnastpgrgptlg}gg;trate,

it can be located at an e ge 0
is to be understood such that when the given substrate or

layer is illuminated from its first side, it transmits
less than 50% of the light to its second side. The rest

10 ©oOf the light is either absorbed or scattered.

First embodiment: _

A first embodiment of the invention is shown
in Figs. 1 and 2, which shows a security document in the

15 form of a banknote.

The shown security document comprises a
flexible or rigid substrate 1 of paper or plastics, onto
which graphical elements, for example in the shape of se-
curity designs 2, illustrations 3 and indications of

20 Value 4, are printed in known manner. In addition the
document possesses a security feature 5, the design of
which is described in the following.

In the embodiment of Figs. 1 and 2, substrate
1 consist of a laminate of a first paper layer 6a, a sec-

25 ond paper layer 6b, and a waveguide 7 in the form of a
transparent plastics layer between them. The paper layers
6a, 6b are non-transparent. Two windows 8a, 8b are pro-
vided in substrate 1. They are formed by holes in the two
paper layers 6a, 6b. Waveguide 7 extends through both of

30 them. |

At the location of the windows 8a, 8b,
waveguide 7 is provided with a first and a second coupler
10a, 10b, respectively. The purpose of these couplers is
to couple light into waveguide 7 and/or to couple light

35 out from waveguide 7.

In the embodiment of Fig. 2, each coupler

10a, 10b is formed by a grating 11, in particular a sur-



WO 2011/ 072405PCT/ CH2009/ 000405 5 A "hal f-wi ndow' in the
substrate inplies that the substrate conprises two non-transparent |ayers,
wi t h t he wievegui7d®senbedded between t hem A hal f - wi ndowpc3/cH20@gioofsWher e
an opening is formed in one of the layers, 5 with the other |ayer renaining
i ntact. The term "non-transparent”™ substrate or layer is to
be understood such that when the given substrate or Iayer is illumnated

f its first side, it t han 50% of t ht to it d
i do. The FESE 3696PnBhe"PEGR PrE B BhePabsaPREREH SBEPLAPIITUEI RS

enbodi ment7 in an intaglio- pA;htnsg prnbodssenEach thetingenbnedsits shown in

Figs. 1 ange2, ﬁ@L9Q1§99“§fa EﬁﬁﬁﬁgtilﬂBQU Eénhﬁné @a}§158ﬁnk8f a

banknot e ecurit ocunen ri ses a erX|bIe or
rigid subs??ﬁbeolhéirpéﬁ%@néﬁgﬁPa§ﬂVC§Pa§ﬁﬂoaﬁhFéﬁuéﬁéphﬂéérvéﬂéﬁents for

e?aggle :n the shape ofhée@y@féw1@@8¢gn§h8 sébhpst §ahd ense 3oang; fpdi cati ons
0 vau

% rlntf Ln knomg ﬁ | n addi t|on t he docunent
possesses %%gu |f§ FRaf Ot £o%s - t fReRelight FsthEﬁ dpRty8BcPPBe8Ti n the
fol | owi ng.the couplers 104&n 1o, eabgdiuﬁnflﬁétFtQSpléramdaZ isubstrate 1

I R R L T R (A

6b, and a wavegui de form of " a ransparen ayer bet ween
t hem The-ba®%¢sl@Q@r@O@Qleﬁbl@r@aﬁQQULdangpam@ﬁr Sﬂmb ahndogde8a, 8b are

provi ded ifsubstr f i et er layers
6a, quganEQUIde géga%%%%2€¥%$%§%h9égyﬁcg%dggﬁgﬁgn?t ?FO%gB?g%gtlon of the

wi ndows 818 avegutWe'ven stiprabi Heds it hthefiecat ol af seespbdcoupl er

10a, 10b, d@@ﬁE@iINBJylt1TEE$¢ﬁ@@§ﬁe@fa@@£§ﬁ sedpl enst i sate epupte |ight
into mavegylde 7 and/or ,FQ%gée W 5 out from wave
€2

ht d
AL h“¢o ?e? ioaved oY i ?%$UI f‘Byd%"grating

In the enmbodi nent
11, in pafﬁqqnnguoziby”eye, depending on the wavelength of the

15 light.
Hence, when illuminating one of the windows,

e.g. first window 8a, with a light source, the second
coupler located in the second window 8b will start to
emit light. |

20 In order to increase the efficiency of the
device, the grating lines of the couplers 10a, 10b are
perpendicular to a line connecting the couplers.

The spacing of the grating lines can either

be much larger than the wavelength of the light, in which

2s case the grating forms a plurality of classical scatter-
ing objects that give rise to scattering over an extended
range of wavelengths. Alternatively, if the spacing of
the grating lines is similar to or only somewhat larger
than the wavelength of the light, a diffractive grating

30 1s formed, which scatters light under certain Bragg con-
ditions only, thereby giving rise to color effects. In
particular if the second grating 10b, i.e. the grating
coupling light out of waveguide 7, is a diffractive grat-
ing, rainbow effects can be observed when viewing the

35 grating from different angles.

Second embodiment:



WD 2011/ 072405PCT/ CH2009/ 000405 6 face grating, which has e.g. been
enbossed into waveguide 7 in an intaglio-printing process. Each grating
consi sts wh 2a11pi7ewoal ity of grating |ines extendi ng paralPcelcH200%motvsot her
advant ageously spaced at regular intefvals. 5The operation of the security
device of Figs. 1 and 2 is as follows: Wen light is incident on one of the
couplers 10a, 10b, e.g. on first coupler 10a, it is scattered by the

coupler. Part of the scatteyed light Jeayes %r{ﬁo& E€ro4 N, wavegui de 7
tit [ ally re

under such an angle | o tha I's being tot ected while it
propagat es"al R de bRy skerrity adevies. attthblysenaion difSecomd coupl er

11, it is $ LA QYS s Stiedk TRl Paris&d, 1ds | gavesayayegufder7 and can
be observed by a suitable detector or by eye, depending on the wavel ength

of the 15 §1'ghtyPe of substrateiyence, when illum nating one of the windows,
e.g. figst w ndow 8a, miirdt,a in ghig.s@yr eabdtheatseconik e teim- ocated i E
the second. .w Wil start. to emt li . 20l n_order to i,ncrease the
ef fici enc&l\(l)gflrﬂﬁ\égoﬁevll e%oﬁ%eeé gbr%t"fan‘@e l‘|1lnéeegri)”f ?Illl% %%%p?aeg?%r ﬁfae,etﬁ)b are
per pendi cflaar Glo havd deewomrretdory the ovuplaysrs 12a, 12b, whidthe spaci ng

of the grafdng difes&an Sldnedq he Mgt | & ast &P%&J@Mﬁ/eﬂ gngth of the

light, in which case the grating fornms a plurality cl assical
scat t eri ng'SB}e @5 Rt iU 3G Fue Sscath @t 17y dvetetarPebittended range of

wavel engt rsya it et Melows ida,t e %iﬂl&n@d tchfe tﬂ’?\@tc}d@_ Jﬁrlé'rfte&) j fsf si rrit! ar
to or only sonewhat_ |arger than the wavelength of the light, a diffractive
grating 3§Iqlgcr$6‘rgrread],y A St scqﬁrgerﬁp‘%}éc}é}g c%erq]a?r}glﬁ'fad)é’ “h- ditions
only, themdiyingi Wimy rirse dmw weolmrstefdfeatesiuded parddhdrare.i f the second
grating 10b, i.e. thegr %Ellenge%?lépll 529 ¢ L ARt Uty Qf gMavegui 4§ Ly IS a
diffractive grating, rainbow effects can be observed \hen viéew ng the 35
grating fﬁﬁﬁ%ﬂﬁﬁ}éﬁeﬁpqmﬁﬂ(ﬁy scattering objects embedded in (or

15 arranged on) waveguide 7. The scattering objects can e.q.
be formed by embedding scattering particles in waveguide
7, or by locally modifying waveguide 7, e.g. by means of
laser irradiation.

In the region of second window 8b, second

20 coupler 10b is also embedded within waveguide 7 and can
e.g. be formed by one or more of the following:

_ a) A volume hologram. Such a volume hologram
can e.g. be formed within a plastics layer by means of
irradiation with coherent light, using the techniques de-

25 scribed in WO 2005/124456 (Xetos AG). Such a hologram, if
arranged under appropriate angle and with appropriate
grating spacing, efficiently diffracts light of a defined
wavelength range out of waveguide 7, thereby giving rise
to a strong, colorful effect.

30 b) A luminescent dye, which is luminescent
under irradiation of light guided in waveguide 7. Such a
dye can be embedded within waveguide 7, or, as illus-
trated by reference number 10b’, be applied on a surface
of wavequide 7, e.g. using printing techniques. If light

35 1s coupled into waveguide 7 through first coupler 10a, it

will cause the dye to emit light, basically in all spa-



Second enbodi nent: WO 2011/ 072405PCT/ CH2009/ 000405 7 Fig. 3
shows a second enbodi nent of a wavegui de-based security device. It

i Il ustratwe 2itd7erent types of couplers that can be usescTagieeldooas a
different type of substrate. 8 First, in Fig. 3, substrate 1 is
substantially solely fornmed by wavegui de 7, and the paper sheets 6a, 6b
have been replaced by ink layers 12a, 12b, which have e.g. been applied to

bot h si des, of de 7 b a f r|nt|n ch ues, h s of f set
i e B O g R O R B g L R R aBR D 88 O T r g
any print thethbsenveeSQOQﬂeng regions or by applying only ink or varnish

of reduced absorbance. | '}Bﬁé‘@ L& nﬁﬂe@ft égstlr\{mmm%o&ﬂ@e %gst coupl er

is formed by scattering ’éects e (or 15 arran wavegui de
7. The sca‘??%@?h}@e‘ébﬁl%&s 2 éOJgesb%ff%la%eﬁlﬁyte%@daﬁ?fﬁ@n@cfa@%er|ng

particles prewavegy) deod, coh by roatsyd mﬂléylﬂﬂeV\@é’@Qﬂdd@onl@rg by
means of irradiation. In the r\}\gi/on of second w ndow, second 20

Coa ey 10008 andy tal e GG last: o coth oottt Soare tare e de b ooy by
one or norehdietthieefHitow ogupler 10a can alsw wevm$®@9tho¢@@phﬂ1 Such a

vl ute o RS 30, By AU, 1Byl ot ol g Bragmags

irradi ati usi ng the tec ues ed in WO
2005/ 124456211 Y&l 93 b&@)usg@ucﬁoé %m@b*wn lmhbrqarair@e‘ﬂamd%pbr opri ate

angl e apd p &4, aﬂl&’é&p{lﬁ&ﬁﬂé@iﬁ gaﬁpﬁﬁhﬂges@érﬁtcw@téyr@lﬂ@éaa&ﬁsoh ght of
a defined wavel engt h ran e out wavggw de 7, . thereby w%rgﬁrl se.to a

strong, cot®driayeeiidet/ mtﬁfuﬁ'ﬁ% Tk ?IS}Jett‘%ﬂlnl%}ﬁ n&stent under
irradiati qmr@gﬁa@atg@tamm@ladavégmmegumedme Stislip Be dlysu € ast: benenbedded

W t hin vvavegéu e Of 1r as |Ilfstrf1(5ed by reference nunber | b, be applied
on a surface of wave %%90 . using printing techni ques. If light 35 is
coupl ed i nto wavegui d@ﬂamﬂﬂr&mgﬁpﬁ igwsitt adougpldaresi Gae iMaasidlexxats® t he dye

to e”iﬁsliQQ&iBQ@éfQ@&Jyéﬁfk@&ﬁgsfgﬁ light), or Fluorol (by Sigma-
Aldrich, emitting green golden light).

The document can also be provided of dyes
having at least two different luminescent colors, thereby
making the effect more unique. The different colors can

20 €.g. be arranged at distinct locations. Thus, they allow
to create a multi-color image. Or they may be arranged
such that, depending on where and how the light is cou-

pled in, only one of the dyes is excited at a time.

25 Third embodiment:
Yet another embodiment is shown in Fig. 4.

Here, one of the couplers, e.g. second coupler 10b, has
been replaced by at least one perforation, advantageously
a plurality of perforations, 14. Each perforation extends

30 through waveguide 7 and creates an edge therein that
gives rise to a scattering of the light within waveguide
7. Hence, when light is propagating along waveguide 7,
part of it is scattered.at the perforations 14, - and the
perforations 14 will start to emit light. The perfora-

35 tions 14 advantageously extend all the way through non-
transparent substrate 1, thus that light can be emitted

to both sides of the document.



WO 2011/ 072405PCT/ CH2009/ 000405 8 tial directions, thus that the dye w |
glow brightly to the observer's eye. It nust be noted that, in nost
enbodi nenwe 2dagoed4obed here, the roles of the first and seramo@wmeplosrs 10a,
10b can be reversed, i.e. the second goupler 10b may al so be used to couple
light into waveguide 7 while the first coupler 10a can also be used to
couple light out of waveguide 7. For exanple, a volune hol ogram can al so be

used for coupling Iighthd ntor WeVeOLLLS dani®, 4 SO MWheRchdiypinabing an
art of the light emtted by

| um nescent dye arranged on, or . in wavegui de 7, pa f

the dye mﬁm?a%ﬁoﬁggi?geélGﬁblﬁévgguﬁﬂé 72andeperebedl 2@ B4t at the location
of first coopheoll0a4d. Exanpl es for suitable dyes are
Macrol ex red 15 (by Bayer AG emtting red light), or Fluorol (by
Sigma- Al drich, emtting green golden |ight). The docunent can

al so besprovided of dyesuh@viergpoadinhemst two di fferent |um nescent colors,
thereby nmeking the effgetyoreg wns giie, « The Edﬁfeg,ergeg&{(g)réogﬁf?go e.g. be
a

arranged at distinct |ocations. us, they ow'to create a nulti-col or
i mge. O 1%Reyhany2 beehiPdhgedt SuehuFfat € - depEPEned by anerEiadd#Chow t he

light is couphegehdnt 0ObFYsOfer 8FihHeolyEst s So £XTinh e 8@t tEPEs . 29Fhird
errbodlment:d e%.another eandlnent |§ shown in f%g, 4. Here, .one of the
coupl ers, G t5%¥ond ROULPEHC 1BHCT HES HeRhr F8pt ackd BYTARIFLalYebne
perforabi crpupbeant Gigeceisyy fophed aby t yepdres I pradnwhsctddindgash

perf or at | ofy x4 €5y A0: SN ouoh wBYegil fe, 7 Andl cralies alsdgeghhereln that

gives rise to scattering o i h~wavegui de nce, when

light is piopageiiod of ohte veeruleses parsubitintislbraeqerkdtat the
perforati oftfe Iderisdtht Nendesf oiathons J4 wWihbist afdpt oy £ tedight. The

perforations 14 advantageous]y extend all the way through non-transparent
substrate Sfarﬁﬂéut%a?qqughtl‘{%%%‘él%% 13RI W HPEi HES F tHeSdocunent .

WO 20114 0 72A05,PGIH HADDO D4 e document through the microlens-
array 15 while light is propagating in waveguide 7, the
interaction between coupler 10b and the microlenses will
give rise to a very characteristic behavior. This behav-
ior is even more pronounced when the periods of the

20 lenses and the coupler 10b are slightly mismatched.

In addition, Fig. 5 illustrates that any of
the windows 8a, 8b can also be a half-window, such as
window 8b of Fig. 5. Using a half-window is particularly
advantageous at the location where the light is coupled

25 out because it allows to provide a defined background for
coupler 10b. For example, this background can be chosen
to be dark, thereby enhancing visibility of the coupled-
out light. Even though the half-window is illustrated in
Fig. 5 in combination with a certain type of coupler, it

30 can also be combined with any other type of coupler.

Fifth embodiment:
The embodiment of Fig. 6 substantially corre-
35 sponds to the one of Fig. 1. But, while in the embodiment
of Fig. 1, waveguide 7 is a plastic sheet having the sub-

stantially same extension as the paper sheets 6a, 6b, in



9 The perforations can e.g. be manufactured by nmeans of | aser
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duces losses and attenuatlon

Advantageously, and as shown in Fig. 7, the
layers 7b, 7c are arranged between first layer 7a and the
absorbing parts of substrate 1, such as paper sheets 6a,

20 6b or ink layers 12a, 12b.

The waveguide can either be a monomode or
multimode waveguide. However, a multimode waveguide is
advantageous because it is easier to manufacture, more
robust and, in the present context, has higher coupling

25 efficiency.

Manufacturing the waveguide:
Fig. 8 illustrates a first process for manu-
facturing a waveguide. A iiquefied, thermoplastic, trans-
30 parent polymer material 20 is introduced by means of a
nozzle 21 between two runs of paper 22. Rollers 23 press
the paper runs 22 against each other, thereby forming a
layer of polymer between two layers of paper. The tech-
niques as described in EP 2 000 321 (Langart AG) can be
35 used.
In order to manufacture a system as shown in

Fig. 7, where waveguide 7 consists of three layers, the



5 The wavegui de: Fig. 7 shows a preferred structure of
waveguide 7. It conprises a first layer 7a, a second layer 7b and a third
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shown in Fig. 7, where waveguide 7 consists cgztagge Iayers, the WO

2011/ o724d§%ﬁ??§%d®‘?‘tﬁﬁfﬁd§wo runs of paper laminatéd

thereto. Again, the three layers are compressed by means
of rollers 23. The bonding between foil 24 and paper runs
22 can e.g. be formed by an adhesive or by heating foil
15 24 for welding it against the paper. If an adhesive 1is
used, the adhesive can again be used to form the low-

refractive layers 7b, 7c of the embodiment of Fig. 7.

20 Notes:

As it has been mentioned, a fluorescent or
luminescent dye can be used for coupling light into
waveguide 7. Such a luminescent dye acts as a light
source coupled to the waveguide. Apart from a luminescent

25 dye, any other type of light source can be used as well,
such as a semiconductor light source or an OLED light
source integrated into the document adjacent to or within
waveguide 7, as described in WO 2006/056089.

The document can also comprise a combination

30 0f two or more fluorescent or luminescent dyes for gener-
ating a color change depending on the wavelength of illu-
mination (metameric inks).

Frequency upconverters, such as non-linear
optical materials, can also be used instead of or in ad-

35 dition to a dye.

In most of the examples described above, two

windows 8a, 8b are used as locations for the couplers



11 paper sheets 22 can each be coated with a transparent polyner |ayer of
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The above description discusses various types of substrates and coupl ers.

It must be noted that any of these substrates can be combined with any of
the cou- WO 2pien7s405Al so, any set of different couplers eamdmoeowbiosed, and
the invention is not limted to the sBecific conbinations shown in the
figures. Wil e there are shown and described presently
preferred enbodi nents of the invention, it is to be dis- 15 tinctly .
understood that the invention is not linmted thereto but may be otherw se
variously enbodi ed angzpraéficed within the scope of the foll ow ng clains.
WO 2011/ 072405PCT/ CH2009/ 000405 13 Clains 1. A security docunent

conprising a substrate (,s&an | ES LNEYVE Ok {dIn@rranged on and/or in
said substrate (1), and ® o0y 5% Ieastlggéoup?%r (10a, 10b) for

coupling light into s& FYRREREDeY7) or out from sai d wavegui de (7)
102. The security docunreriptafcal atauegcioter ( By dnchwgdd rét andl/ e second

coupl er (%ggséggnﬁ%ﬁgﬁﬁéiéllgpht qgupled into said wavegui de (7) by neans

of said first coup at*Teast partially transnﬁtted_to and
coupl ed out by said sedoncdatup eroyplGh) . (1UB3. e sbrwredypldiocunment of any

of the Preiffding &1l MRS B COURLEr £I0R) o LPIRGL 585, Ale | CaSt o
perforatioﬁ'(14f'extending th#%tbh sgﬁh wavegui de 7?. §uile . 4,
The securiQ@ ‘docunent of claim3 wherein 20 said coupler (10b) conprises a

pluralkgy of perforatizanThe security document of claim 1 compris-
ing a first and a second coupler (10a, 10b), wherein
light coupled into said waveguide (7) by means of said
first coupler (10a) is at least partially transmitted to
and coupled out by said second coupler (10b).

15 3. The security document of any of the pre-
ceding claims wherein said coupler (10b) comprises at
least one perforation (14) extending through said
waveguide (7).

4. The security document of claim 3 wherein

20 said coupler (10b) comprises a plurality of perforations
(14) extending through said waveguide (7) and said sub-
strate (1). _

5. The security document of any of the pre-
ceding claims wherein said substrate (1) is non-

25 transparent and comprises at least one transparent window
or half- window (8a, 8b), wherein at least one coupler
(10a, 10b) is afranged in said window or half- window
(Ba, 8b).

6. The security document of claim 5 wherein

30 sald substrate (1) comprises at least a first and a sec-
ond transparent window or half- window (8a, 8b), wherein
a first coupler (10b) is arranged in said first window or
half-window (8a) and a second coupler (10b) is arranged
in said second window or half-window (8b), and wherein

35 said waveguide (7) extends between said first and said

second window or half- window (8a, 8b).



(14) extending through said waveguide (7) and said sub- strate (1).

5. The security docunent of any of the preceding clains wherein said
substrat ewQp1ie24een- 25 transparent and conprises at | easiCH@/dopa8spar ent
wi ndow or hal f- wi ndow (8a, 8b), wher®in at | east one coupler (10a, 10b) is
arranged in said wi ndow or half- w ndow (8a, 8b). - 6. The
security docunent of claimb5 wherein 30 said subs:trate (1) conprises at

least a first and a lseppnﬂﬁ)f@é@@ﬁi@yﬂa&%@ﬂ@ﬂ\t%gh?ﬂ;-ow ﬂeﬂﬁmpf@a, 8b),
wh i first er (1 .1s arranged._in irst w ndow or

hale1E -e:/\jnngoﬁx%%g%?cgﬁglrﬁs s‘él?:%ﬁ LR oBpEer CPEBRS T z?g?rahégg FA™BAT 8°Sefond
w ndow or duehfimgndbiy (8b), and wherein 35 said wavegui de (7) extends

bet ween said first and, sai,d. s - WL N - Wi n b). WO
2011/ 072405PCT/ 042009%0'0812%5 %Z&Mw cg@%ﬁéng'%%ﬁ%‘ﬁ/ séej]g\tlj\{vfrlg%?r ocunent of
any of $heePERedt FRyies aiieroker 2ahdsapdrEetpl tPa( 108b) 100Ptbapsi ses a

grating (lljght scattering objedts T&RLSEELET {Y SPCHPFERLGOL SAYsQigqthe pre-5
cedi ng cl ai ns vvheqq ei &rsal d coupler (10a, 10b) conprises”light scattering
obj ects enBEHEY 4 bf) arranged on said wavegui de (7). o 9. The
security docunent of &ny Tfe tde-yrriecy documeshtng £1ainso LAy ifsidg a

f| uorescentedind UHNGC el e, 0 AL TANGSA LI OF O S y8vegui de. (7) for
coupling I1g nto our out from sai wavegui de (%.

10 arranged in or on said waveguide (7) for coupling light
into our out from said waveguide (7).

10. The security document of claim 9 compris-
ing luminescent dyes of at least two different lumines-
cent colors.

15 11. The security document of any of the pre-
ceding claims comprising a periodic microlens-array (15),
and wherein said coupler (10a, 10b) has a periodic struc-
ture, with the microlens-array having a period substan-
tially equal to said periodic structure.

20 12. The security document of any of the pre-
ceding claims wherein said waveguide (7) is embedded at
least partially in the substrate (1).

13. The security document of any of the pre-
ceding claims wherein said waveguide (7) comprises at

2s least a first layer (7a) and a second layer (7b), with
said first layer (7a) having a refractive index higher
than said second layer (7b), wherein said second layer
(7b) is arranged between said first layer (7a) and an ab-
sorbing part of said substrate (1).

30 14. The security document of claim 13 wherein
said waveguide (7) further comprises a third layer (7c),
with said first layer (7a) having a refractive index
higher than said third layer (7c¢), and wherein said first
layer (7a) is arranged between said second and third lay-

35 ers (7b, Tc).



10. The security docunent of claim9 conprising |um nescent dyes of at

| east two different |um nescent colors. 1511. The security docunent of any
of the prwe 0adi7egscl ai s conprising a periodi c m crol ersTarm2099/00085, and
wherein said coupler (10a, 10b) has atsperiodic struc- ture, with the

m crol ens-array having a period substantially equal to said periodic
structure. 2012. The security docunent of any of the pre- ceding clains

wherei n said wavegui d 7). s enbedded at | east rtially jin the substrate
(1). 13.e1§rheTr§eec%‘?(?‘f’§/ldtd’6c€% Sibs Cgﬁf”@f ?%etrber dteti ng cl ai ns
wher ei n satedivay egla tes (7 r Cloaprcomsrasig 4 ehsghta $ouste | ay@prléda) and a
second | aygr 4;%)‘,\,3\4,&%?%2(;’ rst layer (7a) having a refractive index

hi gher than said secon r (7b), wherein said second layer (7b) is .
arranged between sai d ¥4 sthe ssreuyiay darreat absordihghdhe streai d
substr_a%e c%e%dir%é%lﬂairﬂ@%k$@§élﬂxt§a?ﬁPMMd | up&ectﬁ niésatw@éh @%ﬂ?§ai? |
wavegui de rther conprises a third, er. (7¢), . W sai S ayer
(75 Chavi g e It ade ekt pH T EHEnL Lot THi e (7o) 1 and
wherein said first |ayer. (The) sscwarirtangsabbeimeerf saiyd «fecdred and third
|2° 35 e fiib, 19 1¥0.R0M0TZI0RFLIICIE000 DAOAOD don0cric -
15. The security docunent of any o he precedi ng clains Turther conprising
a |ight sdiftide evtit@dsales sz diakblegihelesq My .size as said subsgmgatqhe
security dogunment of any of the pre-5 ceding clains wherein said wavegui de
(7) is a security thread enbedded at |east partially in said substrate (1).
17. The security docunent of any of the clains 1 to 15 wherein said
waveguide (7) is a plastic foil having substantially the sane size as said
substrate 10(1).



