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SECURITY PAPER WITH COLOR MARX

The present inveh:icn relates generally to security
papers and, more particularly, to a laminated security
paper for use in making banknotes,: pasépcrts, stock
certificates, checks and.the like.

A great number of printed documents require highly
reliable means of ensuring their authenticity due tc scre
intrinsic wvalue associated with them. These documents
range from banknotes to property titles, and include such
things as negotiable instruments, stock certificates,
checks, and passports. To be truly of value to the user or
holder of the document., the means employed to indicate
authenticity must be readily and . easily detectible.
Moreover, tO serve the mcre general §urpose of allowing the
public at large to rely on the authenticity of th
documents, these means should be permanent, durable, and
difficult to replicate. This latter quality. is
particularly important to preciude, or at least <o
dissuade, attempts at counterfeiting the documents in order
to ensure a maximum degree of confidence in the original
document. In the case of banknotes, §as§ports, checks, and
other intrinsically valuable documents, confidence in th
authenticity of the document is especially important, ‘as
any member of the public might become a holder or user;of
the document at any time. Thus, creators oif such
intrinsically valuable documents are most often concerne@

[0

‘with providing a means by which the public may verify the

authenticity of the documents because, ultimately., it is
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SECURI TY PAPER W TH COLOR MARK

The present invention r
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general Fy+ta security papers:-and, nore particularly, to a |lam nated
security paper for use in naklng banknotes, passports,

certificates,

-checks and the like.
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by counterfeits.

Zistorically, attempts at guaranteeing the
authentici:y of intrinsically valuable documents have
concentrated on two aspects of the documenzs: (1) the

paper emplcyed as the basis for the document, typically
referred to in the art as "security paper," and (2) scne
security feature either incorporated in the paper cr added
during the transformation of the paper into the finsal

dccument. Due to their important role in providing lasting’

docunents and a dependable basis for public confidence in
the authenticity of such documents, both the security paper
and the security feature must *ésnond £0 numerous,

stringent criteria relatlng to their design and utility.

Criteria for security papers include both physical and
optical requirements. The requirements of securicy
features relate not only to their physical properties, but
also to the relative difficulty of their replicaticn and to

. their reliability in guaranteelng the authenticity of the
final deccument.

The physical requlrements imposed cn securicty papers,
particularly papers used in the manufacture of banknotes,
are generally much more strict than £for other types of
paper. One such requirement is the "basis weight” or the
"grammage" of the paper., usually expressed in grams per
square meter, or pounds per ream. For most security
papers, the basis weight must fa%l within a fairly narrow
range so as to lend sufficient body, or feel, to the
document to satisfy the expectations of holders, while
allowing the document to be easily folded and unfolded.
Closely related to the basis weight is the "caliper.," or
thickness of the paper, expressed in fracticns of a
millimeter or inch. It is important that the caliper o
the security papers uéed in' any particular appliication

function well with machines, such as automatic teller

—_—
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machines and high speed sorters, which will inevitably
handle the final documents.

Sctrength and durability are crucial properties ¢
security papers because they give the final document its
ability to withstand the use, and abuse, likely during its
service life. The tensile strength, expressed in units c¢Z
force per unlt width, represents the greatest longitudinal
stress a piece of paper can bear without tearing aparc.
Other strength parameters include wet tensile strengtl,
breaking strength, tearing strength, and folding endurance.
Because banknotes are inevitably folded and. unfolded man
times during their circulation life, high strength an
great foldirng endurance are required of the papers from
which they are made. Banknote paper is typically desigred
to allow some 5,000 to 8,000 folds during its expected

circulation life. It should be noted that ratings of:

security papers based upon the number of folds the papers
can endure without tearing may vary widely depending upon
the test procedures emploved. Moreover, while permitting
a considerable number of folds, modern banknote paper must
retain some degree of rigidity, or resistance to bending,
sometimes referred to as "crispness,” to pass sﬁccessfully
through automatic teller machines and high speed sorters.
.Other important physical properties of security papers
include porosity., printability, and dimensioral stabilicy.
Because, porosity is related to the soilability of a paper,
that is, the tendency to absorb or retain impurities, a
relatively low porosity is generally desirable for security
papers, to increase the likelihood that the document will
maintain a clean appearance throughout its useful life. AC
the same time, security papers require good printability

characteristics to ensure accurate and precise impression -

in the printing processes employed in the manufacture of
the final document, as well as proper penetration and

adhesion of inks used in the document production. Printing

processas used ‘to make certain intrinsicaily valuable
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t he unsuspecting pubiic who is nost at risk of being duped by

counteffeits. Hi storically, attenpts at guar ant eei ng t he
authenticity of intrinsically valuable docunents have concentrated
on two aspect:s of the docunents: (1) the paper enployed as the basis
for.the docunment, typicall referred to in the a Sq 'S r paper,"
and .(2) sone secﬁ?ity fgature ei t her incorporatggwgngfﬂgﬁggﬁ% or added
during the transformation of the paper into the final docunent. Due to
their inportant. role in providing |asting docunents and a dependabl e

basis for public confidence in

15

20

25

30

35

documents may place extreme demands on the paper.
Intaglio, '‘or gravure printing, for example, often used in
printing banknotes and other documents, involves tremendous

. pressures between the printing plates and the paper. The

paper selected must withstand these processes without loss
of physical integrity. Finally, the paper‘s dimensional
stability is important, both during the maﬁufacturin
processes and during the service life of the final
document. In particular, the paper should not swell or
contract excessively due to changes in humidity cthat
typically cccur during the manufacturing process and during
ordinary use. '

Security papers typically exhibit certain optical
properties that affect their usefulness and acceptability
to the public. The most important of these properties are
the surface characteristics of the paper.'and the paper’s
opacity. Surface characteristics include color,
brightness, gloss, finish and smoothness. These parameters
are usually specified by the designer of the final document
based upon the aesthetics desired in the document; and
various processes, such as coating and calendering, may be
used to obtain the desired appearance and feel. The
cpacity of the paper refers to the relative inability of
light to pass through the paper. Opacity is generally
represented in terms of the percentage of the 1light
incident on one side of the paper that is not transmitted
through the paper to an observer on the other side, but is
reflected or absorbed by the paper. High opacity, that is,
in excess of about 75%, is generally desirable for security
papers. However, variations in opacity may actually serve
as security features in the final document, as in the case
of watefmarks, wherein the image or mark, visible in
transmitted‘light, is formed by causing the paper to take
on different levels of opacity in such a way as to define
a recognizable mark.

Lo, -
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the authenticity of such docunents, both the security paper and the

securigty feature nust respond to numerous. stringent criteria relating to
their design and utility. Criteria for security papers include both
physical and. optical requirenents. The requirenents of security

features relate not only to their physical properties, but also to the
relative difficulty of their-replication and to tP@EIB Fel/ibdblSiiy in

guar ant eei ng the authenticity of the final docunent. The physi cal
requi rements inposed on security papers, particul arly papers used in-the
manuf act ure ‘'of banknot es, are genérally much nore strict than for other
types of paper. One such requirenent is the "basis weight" or the
"grammage" of the paper, usually expressed in grans per square neter-, or-
pounds per ream For nost security )yapers, the basis weight nmust fall
within a fairly narféw SeHFPEhtfE s%“dass?‘?ﬁ'glf FRE9BT fi%ci EMt BRTKF-Hr feel, to
the docunent featuxst itefie ttheoxnepatechtinbhrrofinhningéeallvwmilugbleal | owi ng t he
document to bedeeasidny foldafednaimtinafdlydesiated GOIMeyspe:aiet:bn the basis
wei ght is the 's@alidP8Eeuri®y papkPi GKBERcRicd HRLRARRE AXREESSEL I N

fractions Cg aused. There are several reasons for this. First, the

security featurs is often a quality of the paper icself,
such as a watermark or a particular paper compesition.
Even where the feature may be said to constitute an elementc
separate from the paper, such features are often impedded -
10 in the paper during the papermaking process. This is true -
for a great number of security featurés, including so
called seéurity threads, chemical additives, colored
confetti, and thin tapes containing microtext c¢r other
indicia. In addition,' even surface-applied security
15 features must be compatible with the underlying paper to
provide the desired adhesion and durability characteristics
to the resulting document. Such surface-applied securicy
features include non-reproducible images, such as line art
that produces moire patterns when photocopied,
20 photosensitive coatings, and surface decals. Even
intricate line art printed on the face of the document may

T
with which it is replicated. 1In all cases, however, the
security feature must function well with the security paper

25 selected. _
The criteria for an effective document securitcy
“feature are relatively easy to formulate. Such features
should be difficult to replicate to deter pctential
counterfeiters, or at least to render the fruit of their
30 enterprise less passable to the public. The features
should permit ready detection by means available <0
ordinary holders or users of the final document. For
banknotes and other documents on whose authenticitcy the
public at large relies, the features should be discernikie
35 and verifiable under ordinary light conditicns. Finally,
in certain cases, it may be desirable that the zsacuri:l

_—
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mllimeter or inch. It is inportant that 't he cal i per of the security
papers ;used . in any particul ar application function well w th machi nes,
such as automatic teller o - 3-

- PCTIB 94/ 00063

feature ".afford detection <¢f the movemen cf large
qQuantities of docﬁments. such as banknotes.
Wnile these criteria may appear straightforward,
develcoping a security feature that reliably satisfies them
5 is not an easy task. Historically, the production of an
effective security feature for documents relied upcen
specialized knowledge or ability possessed by only a tiny
segment of the public. Thus, £for centuries the rare
talents of the master engraver and the specialized
10 knowledge of the printer sufficed to prevent or deter mcst
forgery attempts. Later, the combination of specialized
kncwledge of several disciplines into the same document
- became the key to preventing counterfeiting by all but the
most determined and able teams of forgers. However, modern
15 advances in color photocopying, scanning, and offset
printing technologies have made the production of very
convincing counterfeits possible even -without such
specialized knowledge. To be truly effective against
forgery, security features must now be not only difficult
20 to replicate due to the specialized knowledge required for
their production, or due to a combination of specialized
fields into a single document. but must be very difficult
or impossible to duplicate on sophisticated photocopying
machines. ;
25 Finally, to be useful in producing intrinsically v
valuable documents, the security paper and the security
feature incorporated in or on the paper must together™be
capable of transformation into a aesthetically pleasing
document, at commercial rates and at a reasonable cost.
30 The governmental, quasi-governmental. and corporace
entities that generally issue such documents demand no less
than that their'documencs reflect the character of their
issuer and inspire the utmost confidence by both their
functionality and their appearance. Thus effective
35 security papers and security features should offer a wide
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machi nes and hi gh speed sorters, which will inevitably handl e the fi nal

docunents. Strength and durability are crucial properties of
security papers because they give the final docunent its ability to

wi t hstand the.use, and abuse, likely during its service life. The
tensile strength, expressed in units of force per ' 1, df R, resents
t he greatest ?ongituginal stress a piece of paBer §§W5b§% }3fJL§Et
tearing apart. Q her strength paraneters include wet tensile strength,
breaking strength, tearing strength, ;and fol di ng endurance. Because

banknotes are inevitably folded and unfol ded many tines during their
circulation life, high strength and great fol ding endurance are required
of the papers from which they are nade. Banknote paper is typically

desi gned to aké%e 8m7’§é?cgl95tlotn% 99 h %*93?5 %’ gnlotfstl?g(%(?.gg‘6d

circulation life. not e security papers
based upon the ﬂﬂﬁﬂ?F of folds the papers can endure wi t hout tearing may
vary w dely dependi Agrypsd of tahprqashes jaye dpgnesroeapedyadshavsreover, while
permtting a ecanspewriabhe ausdmriof papeds witbdeffechavkngderpaper nmust
5 features. May of the proposed security papers incorpcrate

security features during the papermaking process., tchat is,

on the papermaxing machine while the web of the security

paper is being formed. Such papers make use of security

features such as water marks, security threads, security

10 tapes with or without microtext, confetti, and other
devices embedded in the papver prior to completion of the
papermaking operation. However, such security papers

generally cannot provide a security feature ccvering the

entire surface of the security paper due to the need to

15 drain moisture from the paper during final processing. In

addition, security features such as confetti ars not

generally localized within the security paper, as 1is

required in many applications. Although security features

such as security tapes and threads may be localized in the

20 papers, these devices can cause difficulties in printing,

sheeting and other process steps due to the increased local
thickness in the paper resulting from their presence.

Another approach to incorporating a security feature

_ in security paper is to laminate finished paper sheets to

25 form a composite security paper. One such security paper

is described in U.S. Patent no. "5,161,829. In that

security paper, at least two paper sheets are laminated to

form a security paper with an authentication indicator

incorporated in the laminate. The autheﬁtication indicator

30 is printed on the inner surface of at least one ol the

paper sheets prior to lamination, and is detectible in

transmitted 1light, but noﬁ in reflected light. However,

printing authentication indicators_ on one of the paper

sheets can lead to problems with “"show-thrcugh," or

35 bleeding of the inks used to print the authentication

i;dicators, hrough the paper sheets to the surface of the

_‘.\ )
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retain sone degree of rigidity, or resistance to bendi ng, sonet i mes

referred to.as "crispness,"” to pass successfully t hrough automatic teller

machi nes and hi gh speed sorters. OQther inportant physical properties
of security papers include porosity, printability, and.di mgnspgngl
stability. Because porosity is related to the soil abf@&y %f "a paper,

that is, the tendency to absorb or retain inpurities, ‘a relatively | ow

porosity is generally desirable for security papers, to 7increase the

l'i kel i hood that .the docunment will Tf8intain a cl ean appearance throughout

its useful life. At the sane tine, security papers require good

printability characteristics to ensure accurate and precise inpression

in the printing processes enployed in the manufacture of t he final

document, as wel3CEE-Yr BRRAT - peNEATEETVR afftfre BEHe4PrOnisofofhies #sed in the

" document producttPéh.inRef rnapay shept o0@ss eeuldsatallio inuddee Car L:aén

intrinsically vafuabb® inks, resulting in substantial masking of the
' security feature by surface prianting and making the

5 security feature less visible or not visible at all.

Moreover, the use of_paper sheets in the laminate does not
result in a composite security paper having physical
properties beyond those attainable with more conventional -
single-web papers. In particular, prcperties related to

10 circulation life, including folding endurance and tearing
strength, are in no way enhanced in the resulting laminate.

Another laminated paper product in&orporating ‘a
security featﬁre is described in Japanese laid-open
application no. 322109/88. That product, a card stock

15 formed by laminating two relatively thick paper sheets on
either side of a synthetic substrate, incorporates machine-
readable marks on ;he substrate material. The marks, such
as universal product codes, are printed in inks that do not
permit transmission of light of near infrared wavelengths.

20 Other marks are printed on the substrate in near infrared-
transmitting inks. ‘The resulting marks are not
distinguishable in visible light, but can be disiinguished
and read when the cards are passed between a light emitting
.diode ¢f the proper wavelength and a photoreceptor.

25 However, the cards described are not intended, nor are they
suitable for use as security paper, due to the stiffness
and low folding endurance inevitably resulting from their
physical structure. Moreover, the security feature taught
in this document is not readily discernible to a holder

30 under ordinary light conditions. On "the contrary. the
marks printed on the subétrate cannot be discriminated in
visible light and are thus of no use to the ordinary holder
without special detection means.

The present invention is directed to overcoming or

35 minimizing the drawbacks of the existing techniques set

forth above, and to providing a security paper for

T
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-4- docunents may place extreme demands on the paper.
I ntaglid o, Qr gravure printing, for exanple, often used in -printing
banknot es and ot her docunments, involves trenendous preSsures bet ween t he

printing plates and the paper. The paper selectqﬁmpu h é nd these
processes without | oss of physical integrity. % 3
di mensi onal stability is inportant, both during the naanacturing

processes and during the service life of the final

documents with trinsic value having security features
that can be readlly distinguished by the public, but thac
are not susceptible to replication by counterfeiters. The
invention pfov1des a security feature in the form of a
color mark, not cbtainable by prior art processes ¢r in

w

known security papers. Furthermore, the invention cffers
a security paper of substantially uniform thickness,
facilitating conversior. operations such as printizg and N
sheeting, and allowing the paper to perform well in high
i speed sorters and automatic teller machines. Moreover, the
invention provides security features which may be localized
where desired. The security feature may be employed alone
or in conjunction with known security devices.
In accordance with one aspect of the invention, there
15 is provided a security paper that includes a resinous
substrate sheet having two faces. Indicia are dispcsed cn
one of the faces of the resinous substrate sheet, and two
paper sheets are permanently laminated on each of the faces
of the substrate sheet. In the resulting laminate, the
20 indicia on the substrate sheet are substantially
ndetectable when viewed 1in reflected 1light and are
apparent through the security paper when viewed in
transmitted light within the visible spectrunm.
In accordance with another aspect of the present
25 invention, there is provided e laminated security paper
having a resinous substrate layer with a first and a second
face. A lafer of color indicia is disposed on the first
face of the substrate layer. ~“The layer of color 'indicia
includes at least one fegion having a color corresponding
30 to a wavelength of light from 380 to 720 nanometers. A
first adhesive layer is disposed on the first face of the
substrate layer over the layer of color indicia. A second
layer of adhesive is disposed on the second face cf cthe
substrate layer. A first layer of paper is disposed over
35 the first adhesive layer and fixed permanently to the

stbstrace layer and to the layer of color indicia by the

—_—
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docunent. In particular, the paper should not swell or contract
excessively, due to changes in humdity that typlcally occur during

t he manuf acturing process and during - ordinary use. Security papers
typically exhibit certain optical properties that affect their useful ness
and acceptability to the public. The nost i rrportaﬂ%m #fs Lheﬂs@ﬂ;ﬁrbpert I es
are the surface characteristics. of the paper, and the paper’ opacity.
Sur face characteristics i ncl ude color,  brightness, gloss, finish
and snoot hness. These paraneters af@ usual ly specified by the designer of
the final docunment based upon the aesthetics desired in the docunent;

and vari ous processes, such as coating and cal endering, may be used to
obtain the desired appearance and feel. The opacity of the paper

refers to the ralrgy \ég-néﬂagl |l!a§élr of ni _é |&gh;ectog_;}dp@ef,ﬁ;3 t Rirough .t he paper.
Opacity i's gene cent age of the

l'i ght incident ospo%eed cfvffe %se ﬁeco"g é?‘ ‘?Sr%é’? rsyeﬁo Praﬁ‘s”}?f Ftted  through
the paper to an-dBSef ERe cHHEBREA G %\fersp%let"ebiﬁmré adnegiVeedt¥af -or absor bed
by the paper. H gh Opacroydarchatithsa furilererepss of w@boirtveZ&4n.i s general ly
desirable f9r s@euWei i¥ provided a security document that includes a

resinous substrate sheet having two faces. Indicia are

disposed on one of the faces of the substrate sheet. The

security document also includes two paper sheets, each

having an inner face and an outer face. One of the paper

10 sheets is permanently laminated on each of the faces of the
substrate sheet by means of an adhesiVe'applied between the
faces of the substrate sheet and the inner faces of the
paper sheets. A set of indicia is printed on at least cne
of the ocuter faces of the paper sheets, whereby the indicia

15 on the substrate sheet cooperate with the set of irdicia
printed on the outer face of the paper sheet to form a
total image when viewed in transmitted light.

In accordance with still another aspect of the present
invention, there is provided a method for manufacturing a

20 security paper including a first step of defining a graphic
design in color. The graphic design is then printed on a
resinous substrate sheet as a substantially transparent
color image. The resinous substrate sheet is then

. laminated between two thin paper sheets by means of a

25 suitable adhesive. '

The present invention will become more fully
understood from the fcollowing detailed description, taken
in conjunction with the accompanying drawings, wherein like
reference numerals refer to like parts, in which:

30 FIG. 1 is a partial vertical section of a laminated
security paper in accordance with the present invention,
depicting the various layers of the laminate and their
interaction in transmitted light; '

FIG. 2 is a partial Qertical section of a laminated

35 security paper in accordance with the invention,
TmsShmn}{
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illustrating the reflection, absorption, and :transmission
of light incident on one surface of the paper;

FIG. 3 1is a perspective view of &a banknote
incorporating the security paper in accordance with th
inventicn, with Doftions of the paper remcved to illustrate
certain cooperative effects possible between indicia on tha
varicus sheets or layers of the paper; and .

FIG. 4 1is a perspective view of a banknote
incorporating the security paper of the invention, with
portions of the paper removed to show a furthe* cooperative
effect possible between the indicia.

While the 1nventlon- is susceptlble to various
modifications and alternative forms, spec1f1c embodiments
have been shown by way of example in the drawings and will
be described in detail herein. However, it should be
understocd that the invention is not intended to te limited
to the . particular forms disclosed. Rather, the inventicn
is to cover all modifications, equivalents and alternatives
falling within the spirit and scope of the invention as
defined by the appended claims.

Turning now to the drawings and referring to Fig. 1,
a laminated security paper, designated generally by the
reference numeral 10, is depicted in partial vertical
section to illustrate the layers of which the paper 10 is
comprised. As depicted in Fig. 1, the security paper 10 is
intended ultimately to be incorporated in a final document
11, such as a banknote, stock certificate, check, passporc,
or any other intrinsically valuable document for which
authenticity ensuring features are desirable. It should be
noted that the present security paper 10 may also fin
applications in other areas as well, including'corpcrate
letterhead, paper for eoccasional invitations, and the like.
The security paper 10 includes a first paper sheet 12, a
substrate sheet 14, and a second paper sheet 16. Indicia{
designated collectively by the reference numeral 18, are
disposed on one surface or face of the substrate sheet 14

This Sheet Has Been Replac
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The selection and specfication of the security feature to be

I ncorporated into an intrinsically valuable docunent is often intinmately
related to the specification of the security paper in conhection w th which
it is to be used. There are several reasons for this. First, the
security feature is often a-quality of the paper itsghis SHGN &5 ¢

wat ermark or a particul ar paper conposition. Even where the feature may be
'said to constitute an el enent separate fromthe paper, such features are

of ten enbedded in the paper during tige papermaki ng process. This is true

for a great nunber of security features, including so called security
threads; chem cal additives, colored confetti, and thin tapes containing
m crotext or other indicia. In addition, even surface-applied

security featuresonust 1heimzenpabicbtie whide tshestinder i ngs.papaect 0 provi de
the desired adhgsioncapthodusabialidey aCiiMsRELHY L5d ioGSed Qaddie2i 54! ting
d.ocurmnt . Such c%urefi\..(.:eef,apog'l Ib%ghscezgu{.!{et yt:wo paper sheets 12, 1%, as
illustrated in Fig. 1. Although reference is made to the
5 indicia 18, 20, 22 in the plural throughout the present
description and in the claims, it should be unders:tcod that
the "indicia" 18, 20, 22 may, in fact. constitute a singl

®

"indicium," or image, on the substrate sheat 14 or on '
either of the paper sheets 12, 16. As will be mcre fully
i0 described below, the indicia 18 on the substrate shest 14
are preferably designed and dispcsed on the substracs sheet
14 in such a way as to register and cooperate with scme or
all of the set or sets of indicia 20, 22 on the paper
sheets 12, 16 to form a "total image." such as a colcr
15 picture, when viewed in transmitted light.
The substrate sheet 14 is preferably a thin,
transparent, resinous sheet material. Synthetic materials,
such as polyester or polypropylene, or organic resinous
materials such as cellophane, may be used for the sub;trate
20  sheet 14. At present, polyester film material is generally
preferred for the substrate sheet 14, such as a polyester
film manufactured by E.I. Du Pont de Nemours Company and
commercially available under the tradename Mylar. The
substrate sheet 14 preferably has a basis weight of between
25 11.0 and 22.5 grams per square meter, inclusive, and a
4 thickness., or caliper of from 8 to 16 microns. For the
best perfofmance. both during later converting operations
and during use when incorporated into the -lamina;ed
) security paper 10, it is desirable that the substrate sheet
30 have good dimensional stability, of the orde; of -1.5%
{150°c, 30 min.). Information on such dimensional
stability prcperties are commonly available from film
suppliers. . Resinous sheet material meetin these
specifications is available commercially in a numter of
35 forms, including rolls, from a variety of manufacturers,

-

This Sheet Has Been

- IR



features include non-reproduci ble i mges, such as line art that produces
noire » patterns when phot ocopi ed, photosensitive coatings, and
surface decals. Even intricate line art printed'on the face of
the docunent may constitute a security feature by virtue of Qf difficulty
with which it is replicated. In all cases, however PClBedetd% 88 3 cature
must function well with the security paper sel ected. The criteria for
an effective docunent security feature are relatively easy to fornul ate.
Such features should be difficult tei3eplicate to deter potential :
counterfeiters, or at least to render the fruit of their enterprise |ess.
passable to the public. The features should permt ready detection by
means avail able to ordinary hol ders or users of the final docunent. For
banknot es and oifErdtogr BrENt Su oPonshdee Naudurenthdi Cyrpiahe, purpekrcz:at | ar ge

relies, the feagn-@ssshouliskhesdizcesihbe quvaﬂpamablaeawwer ordi nary
| i ght condi ti ons. -El rbaalnley s,legtgelrtal.g l%%gggdracgdngy e &%Sgr%pl e t hat the

securit
y paper 10 are pre;eraoly high cpacity., thin paper. Tre

3 basis weight, or grammage, of the paper sheets 12, 16 is
preferably in a range from 19 to 50 grams per square meter,
inclusive, with a grammagé of about 34 grams per square

meter being presently preferred. The thickness cf the
sheets 12, 16 is preferably included in a range frcm 0.038
10 millimeters to 0.050 millimeters, inclusive. The paper
sheets 12, 16 may typically include fibrous raw materials,

) such as cotton, flax, hemp, and wood fibers, or a mixture

of such fibers and cellulosic materials, such as woed
cellulose. The paper composition presently preferred is a
15 ' combination of 75% cotton textile  fibers and 25% weced
cellulose. However, it should be understood that the

present security paper 10 is not limited to any particulsa
composition of the paper sheets 12, 16, and in spec;fzc
applications, the precise compositioh of the paper sheets
20 12, 16 may be specified by the eventual issuer of the final
document 11. In such cases, additional security features
{not shown), such as polyvester, rayon, "or nylon fibers,
fine huing pigment.'and certain chemical additives may ke
incorporated in the paper sheets 12, i6 without
- 25 substantially affecting the operation of the present color

marks as security features.

The opacity of the paper sheets 12, 16 is preferably

at least 75%, with opacities in a range of from 75 to 85%

¢ -

providing good results when inéorporated in the lamina;éd

30 security paper 10. To cbtain such opacity levels in very
thin paper, fillers and pigments may be advantageously
added during the papermaking operation. Titanium dioxide
may be suitably emploved as a pigment, along with numerous
other substances, such as calcium carbonate. One such

35 titanium dioxide filler is commercially available under the
tradename "Titancx" RA 50 from Kronos of Canada.
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feature afford detection of the novenent of large quantities of

docunents, such as banknotes.

Wil e these criteria may appear straight

forward, developing a security feature that reliably satisfies them

10°

15

20

25

30

35

PCTIB 94/00063

The paper sheets 12, 16 may be manufactured by any
suitable papermaking process. -While Fourdrinier machines
are generally preferred for the manufacture of the paper
sheets 12, 16, due to the high quality paper such machines
are .capable of producing, other types of machines., such as
cylinder machines may also be used. For good wet strength
properties, wet strength resing are preferably added durin
the papermaXking process. Such resins include melamine-
formaldehyde resins, such as resins available from Armerican
Cyanamid Ccmpany and marketed under the tradename "Parez"
resins 607 and 613, or resins available from.Hercules Inc.
under the tradename Kymene, such as Kymeme 450.

Once the substrate indicia 18 have been dispcsed con
the substrate sheet 14, as will be described in greater
detail below, the paper sheets 12, 16 are laminated on
either face of the substrate sheet 14, To laminate the
paper sheets 12, 16 to the substrate sheet 14, a suitable
adhesive is applied between the faces of the substrate
sheet 14 and the inner surface of the paper sheets 12, 16,
and the three sheets 12, 14, 16 are pressed in a laminating
machine where the -adhesive is cured, as will be described
below. . )

Good adhesion of the paper sheets 12, i6 co the
substrate sheet 14 is important to the effectiveness of the
security paper 10 in preventing or deterring counterfeiting
attempts. Specifically, the laminateamSecu:ity paper 10
should not be susceptible of delamination that could expoée
the substrate indicia 18 to copying. Any suitable adhesive
that, when cured in the laminate, will ©preclude
delamination of the security paper 10 may be used. The
adhesive may be a single component adhesive, or a double or
multiple component glue. Ultraviolet curing or electron
beam curing adhesives may also be employed. Because the

substrate indicia 18 should selectively cooperate with the.

surface indicia 20, 22, without interference from cthe
adhesive, the adhesive is preferably transparent.
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is not an easy task. Historically, the production of an effective
security feature for docunents relied upon specialized know edge or
ability possessed by only a tiny segnment of the public. = Thus, for
centuries the rare talents of the master engraver gﬁﬂ @e,spgml @bi zed
know edge of the printer sufficed to prevent or det %Dst forgery’
attenpts. Later, the conbination of specialized know edge of several

di sciplines into the same docunment becane the key to preventing
counterfeiting by all but the nost déferni ned and abl e teans of forgers
However, nodern advances in col or photocopying, scanning, and offset
printing technol ogi es have made the production of very convi nci ng

counterfeits p055|qge wi t such speci al.i.zed know, edge.  To be

truly effective agai nsgar lC‘(f:jlar 8% e@%ur PEEESt TR RS FORRY B2 not onl y

difficult to reBiFE&he THPECYEre Racerpatiandi "ZJé'éP kPO REBRIY S PREFUFERY for their
production, -or duett® seconibynatpean I0f. speihealve echriufetdwernt oza singl e

docurent , but NySherR@1Y &fupply fcbhgatibi Dityl AROSSE DR 11 6y dUpbinaten ON
sophi sti cat qd pQPt&GQP)ﬂ;&g MBEIUAAES upon cife BBMddkic ddhesPe gEEUl i

produci ng intrinsical X
adhesive may be applied either to paper sheets 12. 16, or

to the faces of the substrate sheet 14, or to both the
paper sheets 12, 16 and the subsctrate sheet 14.
Polyurethane based adhesives are generally preferrad, and
10 an adhesive available from Imperial Chemical Industries Pic
of Great Britain, and marketed under the tradename Novacote
ADH 222 has been enmployed satisfactorily.. The coverage
rate of adhesive is preferably within the range of 1.5 to
3.0 grams per square meter, but consumption rates may vary
15 with the type of adhesive used.

The substrate indicia 18 are preferably dispcsed on
the substrate sheet 14 by printing. For this, a graphic
design for the indicia 18 1s prepared according to an
motif desired in the final security document 1il. These

20 indicia 18 will often comprise an image, as illustrated in
Figs.' 3 and 4, but may also include numerals, _words.
symbols, or any number of these in combination. The
indicia 18 may comprise black and white indicia, or may
include a full range of visible colors, and may cover the

25 entire surface of the substrate sheet 14, or may extend
over only certain regions. Where the indicia 18 on the

. substrate sheet 14 are intended to cooperate with a set of
indicia 20, 22 on either of the paper sheets 12, 16,
transparent ink is generally preferred tao define the

30 substrate indicia 18. As will be discussed in more detail -
below, the use of ' transparent ink permits an cbserver
viewing the security paper 10, or the final document 11, in
transmitted light, to perceive a total image in color,
created by cooperation of thé trénsparent.color indicia 18

.35 on the substrate sheet 14 and the set of indicia 20, 22 on
the paper sheet 12, 16.
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val uabl e docunents, the security paper and the security feature

i ncorporated in or on the paper nust together be capable of transformation
into a aesthetically pleasing docunent, at commercial rates and at a
reasonabl e ¢ost. The governnental, " quasi-governnental, and corporate.
entities that generally issue such docunents deman®Clp 9 €éysO 8@t hat their
docunents reflect the character of their issuer and inspire the utnost
confidence by both their functionalit and their appearance. Thus
effective security papers and securf#d features should offer a w de

[

The substrate indicisz 18 may advantageously include
layer of white, or substantially opaque ink above and/c

fi

belcow the transparent color indicia. Such white layers zr

(1]

Q

preferably disposed cn both sides of the transparent co

[}

"=
. | 9999

5 ink. These white layers serve two functicns. Firs

, ot
b+ ®
L

{1

increase the opacity of the security paper 10, whi:

1]

nevertheless permitting the substrate indicia 18 to ¢
viewed in transmitted light. Secondly, such layers provide
an additional security feature in case the security paper
10 10 is delaminated. While the security paper 10 i
extremely resistant to any efforts at delaminatiocn, shouid

0n

a8 paper sheet 12, 16 Dbe removed by counterfeiters
attempting to copy the substrate indicia 18, the white
layers would preclude reproduction of the cclor indicia.
15 Any further effort to access the color indicia by remcval
of the white layer would result in destruction of the coclor

indicia, thwarting the counterfeiting enterprise.
An important aspect of the present security paper 10
is its ability to permit verification of authenticicty by
20 any holder and under normal light conditions. Because the
human wvisible spectral range ;orrespodds -to light
wavelengths from about 380 to 720 nanometers, the inxs
employed for the substrate indica 18 are preferably
colored, -transparent inks, whose colors also correspond to

25 wavelengths within this range.

Other optical effects may be obtained in the securl:y
- paper 10 by printing some or all of the indicia 18 with
fluorescent or phosphoréséent inks, such as inks visible
under ultraviolet light only. Where ultraviolet inks are
30 used to form part of the substrate indicia 18, indicia
printed with such ink mhy be substantially undetectable
under normal conditions, but visible under ultraviolet
light. Alternatively, selected portions of the substrate
sheet 14 may be made opague by the use of non-transparent
35 inks, such as non-transparent white ink, or by metallizing,
for instance by vapor metal depositioen eon the surface o

-_—
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- 7 - ~degree of freedomin the design and execution of the final
docunment. . A nunber of approaches have been proposed in the past for
providing a security paper with effective security features. My of the
proposed security papers incorporate security features during the

paper maki ng process, that is, on the papernmaki ng machg n2swh? P8 & e web of
the security paper is being formed. Such papers nmake use of security
features such as water marks, security threads, security tapes wth or

W thout mcrotext, confetti, and -opt-her deV|ces enbedded i n the paper
prior to conpletion of the papernaking operation. However, such
security papers generally cannot provide a security feature covering the

the substrate sheet 14. Ths use of the latter techniques

is particularly useful in forming micrctext as part of the

ndicia 18, clearly visible in the security paper 10 cnly
in strong transmitted light, but substantially undetectable

5 in reflected 1light. Finally, the indicia 18 =may

advantageously include areas printed with magnetic ink thac
serves the dual purpose of forming a part of the total
image observed in transmitted 1light and providing an

_ additional security feature detectible by magnetically

10 sensitive detection devices of the type generally known in
the art. . .'

The design of the substrate indicia 18 in the security
paper 10 pérmits a great degree of flexibility in the
design of the security feature that the final document 11

15 will incorporate by virtue of the total image men;ioned
above. For example, the indicia 18 may present'areas that
resemble watermarks in the £inal document, but in any
visible color or any combination of colors. Alternatively,
color indicia 18 may add color detail to a set of indicia

20 20, 22 provided on one or both outer faces 24, 26 of the
paper sheets 12, 16 when viewed in transmitted light. In
such cases, at least portions of the surface indicia 20, 22
rnay also be printed with transparent inks. As will Dbe
discussed in greater detail below, where transparent inks

25 are used in both the substrate indicia 18 and surface
indicia 20, 22, the color of the substrate indicia 18 will
dominate in the total image when viewed in strong
transmitted light, whereas the color of the surface indicia
20, 22 alone will be visible when the final document 11 is

30 viewed in reflected light. This is true even where
substantially opaque layers are disposed adjacent the color
regions, as has been described. Portions of the surface
indicia 20, 22 may become substantially invisible when
viewed in transmitted light, due to the dominance of th

35 substrate indicia 18. Similarly, substrate indicia 18 in
transparent colors may provide a colored background, such

This Sheet Has Been R
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entire surface of the security paper due to the need to drain noisture from
the paper during final processing. In addition, security features such as
confetti are not generally localized within the security paper, as is
required in many applications. Although security features such as security
tapes and threads may be localized in the papers, bhgses gvbgqﬁsgan cause
difficulties in-printing, sheeting and other process steps due to the

i ncreased | ocal thickness in the paper resulting fromtheir presence.

Anot her approach to incorporating a-security feature in security paper is
to lam nate fini shed paper sheets to forma conposite security paper. One
such security paper is described in U.S. Patent no. 5,161, 829. I n
that security paper,.at |east two paper sheets are laninated to forma
security, paperaswatraiasowaothmibr catrparatentigeat ayainec ahpay afredckn t he

| ami nate. The p@h!hb&ﬁ 1h@8d120801 NEh, Cabfarl Sndl WAb&G QR M ohiRe) surface of

at | east one of % e pa%g Qé%%‘éé p;urgg%ﬁ l._nd%&anazto' on, .a ““a}’ _|sL_det ectible in

transmtted i reflec prlﬁ i ng

aut henti cation ﬁdl‘?:"at B’F’s"cﬁﬁ dfr&dsf tsh%hpéﬁerasﬁ%‘%&"’é“—’ GaRe | @88 to

pr Obem; widh neghmrp.hymygnlyz.ngcﬁubstrate indicia 18. As will become
apparent through the following discussion, although

disposed on only one face of the substrate 14, <the
substrate indicia 18 may register and cocperate with
surface indicia 20, 22 on either of the paper sheets 12,

10 16, or on both paper sheets.

Figs. 1 and 2 illustrate in greater detall -cthe
operation of the various lavers of the security paper 19
under reflected and transmitted light regimes. As shown in
Figs. 1 and 2, the laminated éecurity paper 10 includes a

15 substrate layer 14, a layer of indicia 18 dispcsed on one
of the faces of the substrate layer 14, a first paper layer
12 permanently fixed over the layer of indicia 18, and a
second paper layer 16 permanently fixed cver the other face
of the substrate layer 14. Adhesive layers 28, 30 serve to

20 bind the substrate layer 14 to the ' paper layers 12, 16. As
described above, in the final document 11 incorporating the
security paper 10, surface indicia 20, 22 are printed on
the eqused surface 24, 26 of either or both c¢f the parer
layers 12, 16. -

25 Light, such as white light including components of
wavelengths between about 380 and 720 nanometers, incident
on the security paper 10 is either transmitted thrs ugh the
paper, absorbed by the paper, or rgflected. As representea'
by the line 32 in Fig. 2, transmitted light passes through

30 -all layers of the security paper 10 and emerges from the
surface 24 of the paper opposite the surface 26 through
which the light entered. Absorbed light, represented by
the line 34 in Fig; 2, penetrates into the security paper

"10, but is dispersed and absorbed by the paper firers, and

35 by any pigments and fillers included in the paper =T

increase opacity. Reflected light, represented in Fig. 2

—
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bl eedi ng of the i nks used to print the authentication |nd|cators “through
t he paper sheets to the surface of the
- 8- securlty paper. Furthernore, where printing is done on a

: . PCTIB 947000563

by the line 36, does not peretrate into the security paper
13, but rebounds from the surface 26 of the paper and from
‘any indicia 22 applied to the surface 26.
' in the security paper 10 as illustra;ed in Fig. 2, an
3 ' observer situated on the same side of the paper as a light
source (not shown) from which the lines 32, 34, 36 might
o*iginéte, perceives only the reflected light 36, whereas
an observer on the opposite side of the security paper 10
from the light source sees transmitted light 32. Because
10 absorbed light 34 is effectively trapped in the layers of
the security paper 10, it is not perceived by either
observer. Due to the high opacity of the paper layers 12,
16 in the present security paper 10, virtually all light
pehetrating into the security paper 10 1is either
1S transmitted through the layers of the security paper 10, or
absorbed in the paper layers 12, 16. Because practically
no light reflects from the substrate indicia 18, the
indicia 18 remain virtually imperceptible to an cbserver
examining the security paper 10 in reflected light, and
20 photoreproduction of the substrate indicia 18 of the
quality required for counterfeiting is impossible.

The cooperation among the substrate indicia 18 and the
surface indicia 20, 22 in transmitted light'is illustrated
in Fig. 1 and may be summarized as follows. ‘Some amount of

25 the'light 38 incident on the security paper 10 penetrates
into the paper through the surface 26 and is transmitted
through the paper layer 16, the adhesive layer 30, and the
substraté layer 14 to impact the substrate indicia 18.
Regions 40, 42, 44, 46, 48 of transparent color in the

30 substrate indicia 18, whose color preferably corresponds to
the visible spectral colors having wavelengths of between
about 380 and 720 nanometers, absorb certain frequencies of
the transmitted 1light depending upon the color of
transparent ink applied to the region,.and transmit the

35 remainder of the light. This colored light, represented in
Fig. 1 by the shaded areas, is then transmitted through the

—_—
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thin inner paper sheet, this would usually involve the use of thin inks,
resultisng in substantial masking of the security feature by surface
printing and making the security feature |l ess visible or not visible at

all. Moreover,  the use of paper sheets in the |am nate does n @ result in a
conposite security paper having physical properties ﬂ@Wbﬁﬂ‘ﬂh@ 8 &3t ai nabl e
with nore conventional single-web papers. |In particular, properties -
related to circulation life, including folding endurance and tearing
strength, are in no way enhanced in t28e resulting | am nate. Anot her

| am nat ed paper product incorporating a security feature is described in
Japanese | ai d- open application no. 322109/88. That product, a card stock
formed by lamnating two relatively thick paper sheets on either side of a
synt heti c subst rghesiventavepo?fitaes wwchapee- layadabl endesdesgeon srhre substrate
material. The rReksurroee 24ass Rk VeIl cppagdeetipcodes, are printed in inks

that- do not permit tﬂh@?é@hésiu%ag ihkalt, of Qgat:idtrared wavelengths.
O her marks are printed on the sybstrate jn near hnfra(e4:' ransmtting
ks The  FRLOH cPf Al ie 11aPE SHEFINR SFPRGHES ASBFESY F29F2i bl o | T ght

but can be & st ilﬁgjt,ﬁ gffbstantially the same color as the region 40, 42,
44, 46, 48 of the substrate indicia 18 thrcugh which the
light passed. In areas of the surface indicia 20 covered
by transparent colored inkr the color of the cTransmitted
light emerging from the paper is primarily thact of the

10 substrate regions underlying those areas. The total image
cbserved emerging from the security paper 10 in cransmictted
light is, therefore, a combination of the image created by
the substrate indicia 18 and the surface indicia 20. The
stronger the transmitted light 38 incident on the security

15 paper 10, the more the image created by the substrate
indicia 18 will tend to dominate over the image created by
the surface indicia 20.

Fig. 1 also illustrates how other optical efZfects may
be incorporated intoc the security paper 10. In lieu of

20 transparent ink, the substrate indicia 18 may comprise
regions 54 made opaque by metallizing or by printing -with
neon-transparent ink. Such regions 54 will, o©f course,
effectively stop all transmitted light and thus produce
dark regions in the total image perceived. Alternatively.

25 the substrate 14 may be perforated in certain regions 56.

Such perforations will become filled with adhesive during'

. the lamination of the various layers of the security paper

10. Because the adhesive is preferably transparent, such
perforated regions 356, will <transmit 1light without

30  alteration. , '

Examples of these cooperative effects are illustrated

in Figs. 3 and 4. In Fig. 3, line art comprising the
numeral "1" surrcunded by a circle (depicted by dashed
lines 60) is shown as it might be printed in a lower corner

35 of the outer surface 26 of the paper sheet 16, with a
similar encircled numeral "1" being printed in an upper

—_—
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and read when the cards are passed between a light emtting diode of the
proper ,wave| ength and a photoreceptor. However, the cards described are not
i ntended, nor are they suitable for use as security paper, due to the

stiffness and | ow fol di ng endurance inevitably resufting, fro ejr
physi cal structure. Mreover, the security featurebﬁgﬂg%f’igbbﬁﬁg docunent

is not readily discernibl.e ta a holder under ordinary light conditions.

~on the contrary; the marks printed on the substrate cannot be discrim nated
in visible light and are thus of no f&e to the ordinary hol der without
speci al' detecti on neans. The present invention is directed to .
overcom ng or mnimzing the drawbacks of -the existing techniques set forth

above
' corner of the same surface 26. Colored regicns 62 (only

one such region shown in Fig. 3) on the substrate sheet 14
are positioned to register with and to overlie the
encircled numeral on the paper surface 26. In this
) arrangement, an observer viewing the cuter surface 26 cof
the final document 11 in reflected iight would perceive
only the surface indicia 22, 60. Wwhen the same document 11
is viewed from the same side, but with a light scurce
located con the opposite side of the document from the
-10 observer, the total image perceived by the observer would
include the line art 60, colored by the colored regicns 62

on the substrate. '

A similér arrangement is depicted in Fig. 3 for
substrate indicia 18 representing a building and landscape

15 64. An image 66 printed on the outer surface 24 of the
paper sheet 12 may include line art and transparent ink
covering some or all of the surface of the image 64. As in
the previous example, an observer viewing the document 11
in refleéted light would perceive only the image 66 as it

20 appears on the surface 24 of the paper sheet 12, and in the
colors printed on the surface 24. Viewing the document 11
in transmitted light, however, the observer would perceive
a total image made up of the surface image 66 combined with
the substrate image 64. Generally, the greater the

25 intensity of the light used to view the document 11 in th
transmitted light regime, the more the substrate image 64
will dominate in the total image perceived by the observer.
Where desired, the surface indicia may even beccme
substantially invisible when the document is viewad_in

30 transmitted light, due to the dominance of the substrate
image 64 in the total image.

Another example of the cooperative effects of the
substraté indicia 18 and the surface indicia 20, 22 is
illustrated in Fig. 4. As mentioned above, the design and

35 placement of the substrate indicia 18 need not be identical
to the design and placément of the surface indicia 20, 22.
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9 According to one aspect of the invention there is disclosed a
securi:ty paper conprising: a resinous substrate sheet having two faces;
transparent indicia disposed on one of said faces of said resinous
substrate sheet; and, . a first and a second p sheet; said first
papet sheet -being permanently |aninated on one of sﬂ%T”B Paced 0 8 3aj d
resinous substrate sheet, and said secohd.paper sheet being permanently

| ani nated on the other of said faces of sai d resinous substrate sheet,
whereby said indicia are substanti a% 'y undet ect abl e when vi ewed in
reflected |light and are apparent through said paper sheets when viewed in
transmtted |ight. According to anot her aspect of the invention there
is further discglosed a.lamninated securlty rising. - a

resi nous subst t%”?"”ye? "Rqvi tig 2aSFF S f‘ﬁgﬁp nt‘jm(fngﬁé"dﬁﬂ ¥Faces col or
i ndi ci a print edeewrSai PIREStiOf Fe¥ Pnsiftd Hubst Ferascieg/ereifieth transparent
i nk, said col oirénici by i nhkudivbgtaitel ensiicoane 6Beginen Ravwad arcol or
correspondi NG tc@asiR¥Eh ANGHY. Oftnl dudht cfes| rOHD 38Gake 20 nAngNEL res;

5 22 need not includ= line art or other indicia specifizaliy

2]
v

“colored” by the substrate indicia 18 in the total im

The preferred method for making the security paper 1

will now be described. Because the substrate indicia i
form a total image in combination with the surface indicia
10 20, 22 disposed on the security paper 10 in the Z2inal
document 11, the prccess for manufacturinq the security
paper 10 generally begins with the graphic design of all
indicia 18, 20, 22 to be printed on the substrate sheet 14
and paper sheets 12, 16. Alternatively, the graphic design
15 for the substrate indicia 18 may be prepared independently
of the surface indicia 20, 22, particularly where a
standard paper is used by an issuer for a number of
different final documents. In either case, the graphic
design for the substrate indicia 18 may be prepared by an
20 artist-designer based on any color picture or motif, and
may incorporate a full range of visible colors and details.

In developing the graphic design, the designer may specify .
that the design be precisely placed in the security paper
10, or continuously or repetitively printed ‘on the
25 substrate 14. As has been described above, the graphic
design for the substrate indicia 18 may include areas of
color over which surface indicia 20, 22, including text,

will be printed in the final document 11.
In addition to color marks and images, the graph

30 designer may include in the substrate indicia 18 regicns of
microtext, - portraits or words resembling water marks
printed in non-transparént or transparent white ink, and
designations printed in fluorescent, phosphorescent, or
magnetic ink. Moreover, the design may include
35 perforations in the substrate sheet 14 designed to permit
transmitted light to pass unaltered. Metallized regions

Tthhﬁ?fhsBam
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a first layer of adhesive disposed on said first face of said substrate

| ayer, sover .said col or indicia, a second | ayer of adhesive disposed
on said second face of said substrate |ayer; a first layer of paper
di sposed over -said first adhesive |ayer and fixed permanently to said
substrate layer and said color indicia by said firstpeg @h@&_r@ti@y%r; and

a second | ayer of paper disposed over said second adhesi-ve | ayer and fi xed
permanently to said substrate |ayer by said second adhesive | ayer.
According to yet- another aspect of thss-invention there is disclosed a

security docunent conpri sing: a- resinous substrate sheet having two
faces; transparent indicia disposed on one of said faces of said
resi nous substrate sheet; a first and a second paper sheets, each of

sai d paper Sheetr&yhal/dd’lgeétfrolvﬂm ihatR ad¥lgancdukenseds ane,suBBE-k sai d paper
sheets being perdppentd ¥ Lam nated on a respective face of said resinous
substrate sheet by nfgns of. .an, adhesi ve a ' bet ween sai d respectlve

li ed
face of said substrat® SRR 92id ?ﬁ?ﬁggse}i&% B aChcBeEqi*d paper _

sheets; and to a printable form. This is preferably accomplished by
5 - electronic color separation. A number of suitable color
separation devices are known, including laser analyzers and
scanners. Such devices transform the design into pixels,
or an array of minute points, containing primary colors.
The color separation devices also determine the intensity
10 of the coloration of the pixels, and encode and store the
image thus analyzed.
once the color separation is complete.'prlnclng plates
or cylinders are prepared for printing the substrate
indicia 18 onto one face of the substrate sheet 14. The
15 preferred printing process is rotogravure reproduction.
The electronic color sepération davice is preferably used
either for direct cylinder engraving, or for contreollin
the exposure time of photosensitive material in an indirect
process for chemically engraving a rotogravure cylinder.
20 Color synthesis in the printed substrate indicia 18 1is
accomplished by means of separate rotogravure cylinders for
each transparent c¢olor, and for any non-transparent or
magnetic inks called for in the graphic design. The
engraving depth on the rotogravure cylinder is typically in
25 a range of from 3 to 32 microns.
' Prior to printing the substrate indicia 18 on-;he
- substrate sheet 14, the substrate sheet is preferably given
a Corona electric discharge. treatment to improve the
adherence of the ink to the substrate sheet 14. Corona
30 treatment has also been found to enhance the adherence cf
the paper sheets 12, 16 that will be laminated :on the
substrate sheet 14 later in the manufacturing process.
This Corona treatment may be carried out in any suitable
apparatus readily available commercially for treating thin
35 films, such as treaters available from Sherman Treaters
North America Inc.
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10 a set of indicia printed on at | east one of said outer faces
of said paper sheets, whereby said transparent indicia on said substrate
sheet cooperate with said set of indiciato forma total inmage when viewed

intransmtted |ight. According to still another aspect of the
invention there is further disclosed a nethod forlﬁmmﬁatLUrQﬁQihﬁsecurlty
paper conprising the.steps of: defining a _graphic design in color;

printing said graphic design on a resinous substrate sheet as a
substantially transparent col or inagez-and, pernmanently |amnating said
printed substrate sheet between two paper sheets by neans of an adhesi ve.
Accordi ng to anot her aspect of the invention there is disclosed a nethod
for manufacturing a security docunment conprising the steps of:

defining a graphic dgsigaliy, cbkosibstrate sheétitlidngay adedngtaphies desi gn on a

resinous substrafe,sheehcdf Sidubsbantifihy, tEANSPAIEN ey in the

A grzphic design of the substrate indicia 18. vapor

deposition techniques are preferred for metallizing. and

5 all or a portion of the substrate sheet 14 may ke expcsed

to such deposition. Perforation of the substrate sheet 14

may be used to form text, specific designs., or dotted

contours to provide an added security feature. Stch

perforation is generally carried out on special perforating

10 machines having needles, typically 0.8 to 1.0 millimeters

in diameter, that pierce the substrate sheet 14. Where a

perforated pattern is designed to cooperate with a printed

or metallized area on the substrate sheet 14, the

perforating step is preferably carried out after completicn

15 of the printing and metallizigg steps. Such perfcraticn

may be carried out on any suitable machine, such as

machines available commercially from Zimmermann & Co. of
Berlin, Germany. ,

The substrate sheet 14 1is then printed with the

20 substrate indicia 18, allowing sufficient time Dbetween

printing stages to allow inks to dry. For printing}_as for

the other conversion steps 1in the preparation of cthe

security paper 10, the substrate sheets 14 preferably

processed from a roll of resinous film or foil. Processing

25 the substrate material in roll form facilitates cthe

' prlntlng and lamination steps, and permits the prccess to

be carried out in production quantitiés and at a reasonable

cost.

The printed substrate sheet 14 is next laminated

30 ~ between two paper'sheets'lz. 16 to form the security paper

10. In a presently preferred arrangement for laminating

the security paper 10, lamination is accomplished in a

laminating station consisting of a laminating machine of

the type generally known, and a tunnel-type adhesive curing

35 section. ‘Such laminating 'machines are commercially

available from a number of manufacturers, such as Cerruti

‘;_______________“‘*
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col or image; permanently |lam nating said printed substrate sheet

bet ween two .paper sheets by neans of an adhesive; and printing a set
of indicia on _an outer surface of at |east one of said paper sheets,

wher eby said graphic design on said substrate sheet cooperat w th said
set of indicia to forma total inmage when viewed inPEﬁ‘*&n%ﬁi"tﬁcﬁ-r”ght.

The present invention wll becone nore fully understood fromthe foll ow ng
detai |l ed -description, taken in conjungtion with the acconpanyi ng draw ngs,
wherein-li ke reference nunerals refer to like parts, in which: Fig:
1 Is a partial vertical section of a |am nated security paper in
accordance with the present invention, depicting the various |ayers of the
l'am nate and thelg tbaferaghi Qi thd haRsEkt ed,d s88ss of tninfl Ggn2 'S a

partial vertical,geel)op,gl, a,lamagted SeCUllty paper | i a¢eordance wi th

preferably from continuous rolls, and the printed substrace
sheet 14 is fed into the.stacicn between the paper sheets.
5 Adhesive is continuously applied to eithér the faces of the
substrate sheet, or to the surfaces of the paper sheets
‘facing the substrate sheet depending upon the adhesive
employed, and the sheets are pressed by nip rolls to form
a laminate. The laminate proceeds through the curing
10 section where the adhesive is cured to permanently bond the
lamirated layers. The precise design of the curing section
depends upon the adhesive employed, and the curing
conditions recommended by the adhesive manufacturer.
The security paper, exiting £from the laminating

a1

15 station as a continuous sheet, may be rolled for 1late
cutting into sheets, or may be sheeted directly as it &
'produced. Any suitable sheeting device may be employad fcr
this, such as a Pasaban sheeter. The format set on the
sheeter will depend upon specifications set by the end user

20 of the security paper 10, and ultimately upon the size of
the document to be made from the security paper.

After sheeting, counting and quality control
operations may be performed, and the surface indicia 20, 22
may be printed on one or both sides of the security paper

25 10. The security paper 10 is suitable for intaglie
printing, qgnerally preferred for such documents as
banknotes, as well as for multicolor offset printing.

= Where registration between the substrate indicia 18 and the
surface indicia 20, 22 is desired, gegistration marks are

30 preferably incorporated in the substrate indicia 18, and
printing on the security paper 10 is registered in

w

generally the same manner as for known water marks.
The foregoing method has been found to produce high
quality security paper with physical and optical properties
35 generally comparable to or surpassing those of known
security Dpapers. The substrate indicia 18 are
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illustrating the reflection, absorption, and transm ssion of |ight incident

on onessurface of the paper; FIG 3 is a perspective view of a
banknote incorporating the security paper in accordance with the invention,
Wi th portions of the paper renoved to illustrate BCig 9470006 3

-26-
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35

substantially undetectable when the security paper 10, cr
1

the final document 11, is viewed in reflected
clearly visible when viewed in transmitcted 1

stability of the colors comprising the substrate indicia 18-

is very good, particularly where similar pigments are used
Tto print these indicia 18 as are employed fcr making
banknotes and other security documents. Because the
indicia 18 are printed on the substrate sheet 14, zand the
substrate indicia 18 are separated from the paper sheets
12, 16 by the adhesive layers 28, 30 in the laminated
security paper 10, show-through of the substrate indicia 1i8
is avoided. Moreover, the rate at which the present
security paper can be produced exceeds the production rate
typical for security papers bearing water marks.

The security paper 10 offers a number of additional
security features as compared with known security papers.
Due to the practicél difficulty in printing cn thin
resinous films, and in producing very thin, high opacity
papers, only a tiny sector of the public will pcssess the
knowledge and machinery needed to replicate the security
paper. In addition, the inability to photoreproduce the
substrate indicia 18 éffectively precludes duplication by
photocopying. On the other hénd, the total image perceived
by observing the final document 11, produced from the
security paper 10, in transmitted light within the visible
spectrum, provides a simple and effective means by which
any holder may verify the authenticity of the document
under ordinary light conditions. = )

Security paper in accordance with the £foregoing
description was prepared and tested. Results of those
tests are summarized in the following four exambles and in
Table 1, along with results of similar tests on
commercially available security papers. Because certain of

the tests may have been performed in accordance with non--

standard test methodolcgies, these results are provided for
comparative purposes only. Moreover, as w1ll be recognized

ThsShmﬁ
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certain cooperative effects possible between indicia on the various sheets
or layers of the paper; and FIG 4 is. a perspective view of a
banknot e incorporating the security paper of the invention, with portions
of the paper renoved to show a further cooperative effect pOSSIb|e bet ween
t he indicia. VWiile the invention is susceptPiMBeS &9 0¥arpipus

nodi fications and alternative fornms, specific embodi ments have been shown
by way of exanple in the drawings and will be described in detail herein.
However, it should be understood ttdt the.invention is not intended to be
limted to the particular fornms disclosed. Rather, the inventionis to
cover all nodifications, equivalents and alternatives falling within the
spirit and scope of the invention as defined by the appended cl ai ns.

Tur ni ng now t o B¥hénereavkhigsedaind chefantr i #he res\Ritg. ofl suah et haeed security
paper, designatrec gpwegsabd Yebyodubtblechermiaeen Bty Aéshihgs dapi cted in
partial verticalarsesdd-@9st0 illustrate the | ayers of which the paper 10 is
conpri sed. As depi chad.l g Fid. odys (€ 28U, PaREL.AYLLS,] Nignded

ultimately to be |ncor porate
papers was nerForned 1n an atmosphere of 50 to 31% humidicy

and at a temperature of between 22.5 and 23°C.

Smoothness was tested in ‘accordance with the B3ekk
nethod on equipment manufactured by Karl Frank GzmbH cf
Germany, and is reported in seconds (sec). The Bekk method

10 is summarized in test specification number T 479 om-86 of
the Technical Association of Pulp and Paper Industry
(TAPPI) .

Rigidicty was tested on a Biichel stiffness tester, and
results are reported in millinewtons (mN) of force.

15 Breaking strength was tested in accordance with the
Mullen test method on equipment manufactured by Karl Frank
GmbH. The Mullen test method is summarized in <test
specification number T 403 om-85 of the TAPPI. Results are
reported in kilopascals (kPa).

20 Tearing strength”was tested in accordance with the
Elmendorf method on eqﬁipment manufactured by Lorentzen-
Wettre of Sweden on paper samples measuring 65 X 80
millimeters. The Elmendorf method ié summarized in test
specification number T 414 om-88 of the TAPPI. Results are

25 reported in decanewtons (daN).

Opacity-was tested on an Elrepho Datacolor 200 test
machine, and results are reported in percent (%).

Finally, the average number of double folds was
determined using equipment manufactured by Karl Frank GmbH,

30 with a weight of 1 kilopond. Results are reported in the
number of double folds before breaking. .

EXAMPLE 1
A portrait of a historical figure was used for the

35 motif of a color mark in the form of a line drawing. A
polyester substrate sheet, 12 microns thick, available
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11, such as a banknote, stock certificate, check, passport. or any other
intrinsically val uable docunent for which authenticity ensuring features
are desirable. It should be noted that the present security paper 10 may
al so find applications in other areas as well, including corporate

| etterhead, paper for occasional invitations, and th Ty urity
paper 10 includes a first paper sheet 12, a substratgnm%gﬁ%/fﬂﬁgiqﬁ a
second paper sheet 16. Indicia, de5|gnated collectively by the reference
nuneral 18, are disposed on one surf#d or face of the substrate sheet ‘14

under the tradename Yuborlen, was given a corona treatment
on both sides, and the color mark and a color test spectrun
were printed in four basic colors by rotogravure printing.
Paper sheets, made of cotton fibers and having a basis

5 weight of 32 g/m?, were laminated successively on each side
of the substrate sheet using polyurethane based adhesive
commercially available under the tradename Ncvaccte ACH 222
from ICI of Great Britain.

10 EXAMPLE 2
' A colof icon was color separated and printed in four
colors on the same type of polyester substrate as in
example 1. Paper made of hemp fiber, with a basis weight
~ of 30 g/m?, was laminated to both sides of the substrate
15 sheet as in the previous example.

EXAMPLE 3
The portrait of the historical figure and the icon of
the previous two examples were printed by £five color
20 rotogravure printing on the same type of substrate used in
the previous examples. Paper comprising cotton fibers and
wood cellulose, and having a basis weight of 35 g/m?, were
laminated to both sides of the substrate sheet using the
polyurethane adhesive of the previous examples.
25
EXAMPLE 4 -

For this example, a polyester film, 12 microns thick
and with a basis weight of 16.9 g/m?, available under the
tradename Mylar, was used. A multicoler, semihue ornament

30 with a single color text in red, blue and black, and a
single color continuous ornament of white, opaque ink,
similar to a water mark, were printed the f£film by
rotogravure printing. The printed substrate film was
laminated with paper'sheets having a basis weight of 36

35 g/m? .and consisting of 75% cotton fibers and 23% wood
cellulose, using Novacote ADH 222 adhesiQe as before.

——
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-12- prior to lam nation of the three sheets 12, 14, 16. A set of
i ndi civa 20, 22 may be di sposed on the outer faces 24, 26 of either,

of ‘the two paper sheets 12, 16, as illustrated in Fig. 1.
reference is made to the indicia 18, 20, 22 in the plural
present description and in the clains,

Al t hough
t hr oughout the
it should be P(rfﬂdeﬂs.to@dl ¢t &3t the

"indicia" 18, 20, 22 may, in fact, constitute a single "indicium"

i mge, on the substrate sheet 14 or._
As will be nore fully described bel ow,

or

or

bot h

ei ther of the paper sheets 12, 16.
the indicia 18 on the substrate

sheet 14 are preferably designed and di sposed on.the substrate sheet 14 in

such a.way as to register and cooperate wth sone or al

of indicia 20, 22 op the AIRELs SHOBLSe 121ndfat0, fRL WAL Lt Blrd:

as a col or

10 -

produced in the 'examples exhibits physical and optical
properties comparable to, or exceedin commercially
available security papers. In particular, the present
security paper has excellent strength and durabilicy
characreristics, including a greatly enhanced £clding
endurance. The indicia printed on the substrate is
substantially unde.tect_able under reflected light and no
show~through is apparent. When viewed in tfansmitted light
within the visible spectrum, the substrate indicia are

clearly visible.

of the set or

.mage, "

sets
such
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picture, when viewed in transmtted |ight. The substrate sheet 14
is preferably a thin, transparent, resinous sheet material. Synthetic
materials, such as polyester or polypropyl ene, or organic resinous
materi al s such as cel |l ophane, may be used for the substrate sheet 14. At
present, .polyester filmmaterial is generally pref%%F dgfor the substrate
sheet 14, such as a polyester film manufactured by - ﬁufﬂONQS@e Nenour s
Conpany and conmerci al ly avail abl e under the tradenane Myl ar. The
substrate sheet 14 preferably has a38asis wei ght of between 11.0 and 22.5
grans per square neter, inclusive, and a thickness, or caliper of from8 to
16 m crons. For the best performance, both during | ater converting
operations and durin use when incorporated into the |anm nated

security paper 10J) 1tflis desiraple tlhat Jthe] subStratg she¢t have good
di mensi onal stabiljiZy] of {he ofder |of 11.9% (130[ern] G §30 mn.).
I nformation on Ughit dimenst ohals sit abill gtly prgpeftijessate commonly
avail abl e fromfiljn pplierss “Rgsi ngpus | sitedt “ngtegi gl neeting these
specifications is|avall abl ¢ conpercijal Iy inf a nynber {of f@rns, including
rolls, from a var jretyfof—gnufacturers
o=
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- 13- including E.1. Du Pont de Nemours and Conpany. I|nperial Chem cal

Indu&mw@mdak Conpany, and 3M . The paper sheets 12,
y _

16 incorporated in the Securit

| AR O Y PO § 4/ 0006 3

-31-

CLAIMS:

10

15

20

25

30

35

1. A security paper comprising:
a resinous substrate sheet having two faces;

indicia disposed on one of said faces of said
_ resinous substrate sheet; and,

a first and a second paper sheet, said first paper
sheet being permanently laminated on one of
said faces of said resinous substrate sheet,
and said second paper sheet being permanently
laminated on the other of said faces of said
resinous substrate sheet, whereby said indicia
are substantially undetectable when viewed in
reflected light and are apparent through said
paper sheets when viewed in transmitted light
within the visible spectrum.

2. The security paper as set forth in claim 1, wherein
said paper sheets are permanently laminated on each of
said faces of said substrate sheet by means of an

adhesive.

3. The security paper as Set forth in claim 1, wherein

said indicia include at least one color region, the color
of'said region corresponding to a wavelength of light of

from 380 to 720 nanometers.

4. The security paper as set forth in claim 1, wherein
said indicia include a first layer of non-transparent
ink, a layer of color indicia including at least one

\
\\
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paper 10 are preferably high opacity, thin paper. The basis weight, or
grammge, of the pager sheets 12, 16 is preferably in a range from19 to
50 grans per square nmeter, inclusive, with a gramage of about 34 grans
per sqmn%mmemﬂiwm presently preferred. The thickness of the sheets
12, 16 cluded in a range from 0. 033pgcmg 19 Lryed @0 30 0. 050
mllimefers, “idcldsive. The paper sheets 12, 16 may typically include
fibrous raw materials, such as cottgn, flax, henp, and wood f4 bers, or a
m xture of such fibers and cellulosic materials, such as wood cellul ose.
The paper conposition presently preferred is a conbination of 75% cotton
textile fibers and 25% wood cellulose. -However, it should be understood
that the preseiosefdyibhYaiR@Beda bA 5an8frdei MjLdot GoaDY particul ar '
conposi tion of trggsggfpe%% sheets, 12, 16, and in specific applications, the
preci se conposition o eets 17 3% 3Cl

) the papéer s _may bée specified by the
event ual i ssuer*™f 3ROseR Rl ICLARYRT 21 cRAT stidACtarses, additi onal
security features (not shown), such as polyester, rayon, or nylon fibers,
fine huing pignment, and certain chem cal additives may be incorporated in

the paper Sheﬁ.t S The]-%ecuz.JiQy fﬁﬁe@‘oﬁg set forth in claim 1, wherein
at least a portion of said resinous substrate sheet is

metallized.

6. The security paper as set forth in claim 1, wherein
at least a portion of said resinous substrate sheet is
perforated. '

15
" 7. The security paper as set forth in claim 1, wherein
said indicia include microtext.

20 8. The security paper as set forth in claim 1, wherein
said indicia are printed on said resinous substrate
sheet.

25 9. The security paper as set forth in claim 8, whersin
said indicia are printed on said resinous substrate sheet
in ink selected from the group of inks consisting of
transparent ink, fluorescent ink, phosphorescent ink and
magnetic ink. ' '

30 '

10. The security paper as set forth in claim 8, wherein

at least a portion of said indicia is printed on said

resinous substrate sheet in ultraviolet ink, said porticn
35 of said indicia being substantially undetectable under '

_\.
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substantially affecting the operation of the present col or marks as
security features. The opacity of the paper sheets 12, 16 is

preLeLabL-y—&t——t—eas‘r‘?S% with opacities in a range of from75 to 85%
providin s when incorporated in the |am nated security paper
10. ﬂﬂ‘jﬂﬁ‘ acity levels in very thin papdtliBf Bll P9 tamd pi gments
may »y added during the paperneking operation. Titanium

di oxi de may be suitably enployed as;g_pignent, along wth nunerous other
subst ances, . such as cal ci um car bonat e. One such titaniumdioxide filler

I's comrercially avail abl e under the tradenarre "Titanox" RA 50 from Kronos
of Canada.

light within the visible gpectrum and visible when viewed
under ultraviolet light.

S 11. The security paper as set forth in claim 8, wherein
at least a portion of said indicia is printed in black

and white.

10 12. The security paper as set forth in claim 8, wher=zin . .
at least a portion of said indicia’ is printed in color.

13. The security paper as set forth in claim 1, wherein

15 said resinous substrate sheet comprises a resinous
material selected from the group con51st1ng of polyester,
polypropylene and cellophane.

20 14. The security paper as set forth in claim 1, wherein
' said resinous substrate sheet has a basis weight included
in a range from 11.0 to 22.5 grams per square meter

inclusive.

25
15. The security paper as set forth in claim 1, wherein
each of said paper sheets has a basis weight included in
a range from 19 to 50 grams per square meter incYtfusive, a
thickness included in a range from 0.038 to 0.050

30 millimeters inclusive, and an opacity included in a range
from 75 to 85 percent inclusive.

16. The security paper.as set forth in claim 1, wherein
35 - each of said paper sheets comprise fibrous material

This Sheet Has Been

IR



-14- The paper sheets 12, 16 may be manufactured by any suitabl e
paper e Fourdrinier machines are generally preferred

for the he paper sheets 12, 16, due to the high quality
paper @E m @ capabl e of producing, other types aof machines, such
as cyll al so be used. For good VWlliBstSrendtho prioperti es,

wet strength resins are preferably added during the papernaki ng. process.
Such resins include nelam ne- formakgehyde resins, such &s resins avail able
from Aneri can Cyanam d Conpany and mar keted under the tradenane "Parez"
resins 607 and 613, or resins available fromHercules Inc. under the
tradenane Kynmene, -such as Kynene 450. :

selectad from the group consisting of wood fi be*s, cotton

fibers, flax fibers, and hemp fibers.

5 17. A laminated security paper comprising:

a resinous substrate layer having a first face ard a

second face;

10 a layer of color indicia disposed on said first face
of said substrate layer, said color indicia
including at least one region having a color
corresponding to a wavelength of light of from
380 to 720 nanometers;

15
a first layer of adhesive disposed on said first
face of said substrate layer, over said layer
of color indicia;
20 a second layer of adhesive disposed on said second

face of said substrate layer;

a first layer of paper disposed over said first
adhesive layer and fixed permanently to said
25 substrate layer and said layer of coler indicia
by said first adhesive layer; and,

a second layer of paper disposed over said second
adhesive layer and fixed permanently to said
30 substrate layer by said second adhesive layer.

18. The laminated security paper as set forth in claim

17, wherein said layer of color indicia includes a first
35 layer of non-transparent ink, color indicia disposed over

said first layer of non-transparent ink, and a second

_‘;;‘““‘--~\\‘_
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Once th ubstrate indicia 18 have been di sposed on the substrate sheet 14,
as mﬁlIEE§HHEEEFT5§d“%n—gFeater detail below, the paper sheets 12, 16 are
Ianinateg"mg ) f the substrate sheet 14. To | am nate t he paper
sheets 13, 'ﬁ”'”“" [,@Mr ate sheet 14, a suitable adhesive is applied

bet ween tHe faces ef ubstrate sheet 14 and thpecriigres /sbPBsck of ) Olse
paper sheets 12, 16, and the three sheets 12, 14, 16 are préessed in a

| am nating machi ne where the adhesiyg is cured, as will be described bel ow
Good adhesion of the paper sheets i2, 16 to the substrate sheet 14 is

I nportant to the effectiveness of the security paper 10 in preventing or
deterring counterfeiting attenpts. Specifically, the lam nated security

paper 10 shoul ¢, not §Peno§1g§£;£'g§épén2n9£k %Eka%qe%agé}&n SLD&‘tcoﬁgf' d expose the

substrate indic¢ia 18 to copyl y suitable adhesive t when Ccured
in the lamnat&°*® will preclude del anination of the security paper 10
may be used. The adhesive may be a single conponent adhesive, or a double
or nmultiple conponent gl ue. Utraviolet curing or electron beam curing
adhesi ves gay a}sorhe l%mh%dsecﬁ@@@y%pgpeas set forth in claim i

17, wherein said resinous substrate layer has a basis 1

weilght included in a range from 11.0 to 22.5 grams per

[{H

square meter inclusive, and wherein each of said paper n
layers has a basis weight iacluded in a range from 13 to
10 50 grams per square meter inclusive, a thickness incliuded
in a range from 0.038 to 0.050 millimeters inclusive, and
an opacity included in a range from 75 to 85 percent

inclusive.
Y
15
20. The laminated security paper as set forth in claim
. 17, wherein said layer of color indicia is printed on
' said resinous substrate layer in ink selected from the
group of inks consisting of transparent ink, fluorescent
20 ink, phosphorescent ink and magnetic ink. -
21. A security document comprising:
25 a resinous substrate sheet having two faces; e
indicia disposed on one of said faces of said ‘ »f
resinous substrate sheet; =
30 a first and a second paper sheet, each of said paper
sheéts having an inner face and an outer face,
one of said paper sheets being permanently
laminated on a respective face of said resinous
substrate sheet by means of an adhesive applied
35 between said respective face of said substrate

[
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di cia 18 should selectively cooperate with the surface indicia

20, 22?%ﬁ;tﬂBEF‘“nteFLeLgnpe fromthe adhesive, the adhesive is preferably

t anspaf/?ﬂllll iy ]
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sheet and said inner face of each of said paper

sheets; and

a set of indicia printed on at least one of said
outer faces of said paper sheets, whereby said
indicia on said substrate sheet cooperate with
said set of indicia printed on said outer face
of said paper sheet to form a total image when

viewed in transmitted light.

22.  The security document as set forth in claim 21,
wherein at least a portion of said indicia printed on
said outer faqe of said paper sheet become substantially
invisible when viewed in t:anshitted light.

23. The security document as set forth in claim 21,
wherein said set of indicia on said outer face of said
paper sheet is in register with said indicia on said
substrate sheet.

24, The security document as set forth in claim 21,
wherein said indicia disposed on said resinous substrate
sheet include a first layer of non-transparent ink, a
layer of color indicia disposed over said first layer of

non-transparent ink, and a second layer of non-

transparent ink disposed over said layer of color

indicia.

25. A method for manufacturing a security papger

comprising the steps of:

defining a graphic design in color;

—_—
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The particul ar adhesive enpl oyed shoul d be conpactible with the substrate
material _and with the paper sheets used in the security paper 10.
Adhesi ve nmanufacturers can generally supply conpatibility and suitability

i nformati Dependi ng upon t he spec C ¢ sed
adhesi ve hmmrmul@"mm“lther to paper sheets 12, f’% £”]tebsﬁ yﬁe faces of
" the substraté shee or to both t'he paper sheets 12, 16 and the
substrate sheet 14. Pol yurethane.shased adhesives are general ly preferred,
and an adhesi ve available from I nperial Chem cal Industries Plc of G eat

Britain, and marketed under the tradename Novacote ADH 222 has been
enpl oyed satisfactorily. The coverage rate of adhesive is preferably

within the range %At%t Qa1 QrapRITS APSIgnSERIA SeFBIAL , subltrHQANSUNDL i ON

rates may vary with th pe of _ad S Thg substrate indicia
18 are preferably di spghsee lgbsrsl%%& ql grdnsgarefl %y %I’I nting. For

this, .a graphic desi gnl“faﬁﬁ"tarﬂ?'.l ndi ci a 18 is prepared according to any
motif desi red in the final security docunent 11. These indicia 18 wll
often conpri se an lafmBfe;ingSsdid psintatieshbisirdiegshest dAtwebn bud may  al so

include nunerals, wor dﬁaper sheets by means of an suitable adhesive.

26. The method as set forth in claim 25, comprising the
10 further step of metallizing said resinous substrate shsst

prior to said laminating step.

27. The method as set forth in claim 25, comprising the
15 further step of perforating said resinous substrate sheet
prior to said laminating step.

28. The method as set forth in claim 25, comprising the
20 further step of printing a microtext on said resinous
substrate sheet prior to said laminating step.

29. The method as set forth in claim 25, wherein said

25 graphic deéign is printed on said substrate sheet in ink
selected from the group of inks consisting of transparent
ink, fluorescent ink, phosphorescent ink, non-transparent

white ink, and magnetic ink.

30
30. The method as set forth in cla;m 25, wherein said
graphic design is printed on said resinous substrate
sheet by a rotogravure printing process.
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synbols, or any nunber of these in conbi nat i on. The indicia 18 may

conprise hlack and white indicia, or may include a full range of visible
col ors, 3gg’gg¥,cever’FﬁE’gﬁ{ire surface of the substrate sheet 14, or nmay
extend over only ¢ m\“\mrons. Where the indicia 18 on the substrate
sheet 14 anauibly perate with a set of pagH & 2. 0n either
of the papm“mm\g , 167 transparent ink is gégﬁde?aﬁllipﬂ Br%eﬁ erred to
define the Substrate indicia 18. As will be discussed in nore detai

bel ow, the use of transparent ink periits an observer view ng the security
paper 10, or the final docuiment 11, in transnitted light, to perceive a

total image in color, created by cooperation of the transparent color

indicia 18 on the substrate sheet 14 and the set of indicia 20, 22 on the
paper sheet 1213116_Tne method as set forth in claim 25, wherein said

printing step includes printing a first layer of non-

transparent ink on said resinous subscrace shest,

printing a layer of color indicia over said first layer
5 of non-transparent ink, and printing a s=cond layer cf

non-transparent ink over said layer of colcor indicia.

T




The substrate indicia 18 may advant ageously I nclude a layer of white, or
substanti a |y opaque ink above and/ or' ‘below the transparent col or indicia.
Such white layers are preferably disposed on both sides of the transpar ent
-color ink. These white layers serve two functions. First, they increase
the opacity of the security paper 10, while nevepthgl €3y penrg sting the
substrate indicia 18 to be viewed in transmtted. |light. Secondly, such
| ayers provide an additional securi Y. feature in case the security paper

ABSTRACT

(V1]

A security paper is prov1ded for incorpcration in a
security document, or other document having intrinsicg
value. The security peper includes a resinous substrate
sheet on which indicia are printed. Paper sheets are

10 laminated on either side of the resinous substrate shest
using a suitable adhesive.: In the laminated security
paper, the indicia printed on the substrate sheet are
undetectable when viewed in reflected light, but become
apparent when viewed transmitted light within the visible

15 spectrum. The security péper may be incorporated in a
security document in which a set of indicia printed on at
least one of the outer faces of the paper sheets, such
that the indicia on the substrate and the indicia on the
document form a total image when viewed in transmitted

20 light. A method for ﬁanufacturing the security paper is

also provided.

25
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10 is delamnated. Wile the security paper 10 is extrenely

resi gtant to any efforts at del ami pation,*should a paper sheet 12, 16
be renoved by counterfeiters attenpting to copy the substrate indicia
18, the white layers would preclude reproduction of the color indicia. Any
further effort to access the color indicia by re ﬁtép[,t$@g@mgte | ayer
would result in destruction of the color indicia, t rting the
counterfeiting enterprise. An inportant aspect: of the present security
paper 10 is its ability to permt verification of authenticity by any

hol der and under normal |ight conditions. Because the human visible
spectral range corresponds to, Light wavel engths from about 380 to 720
nanoneters, the inks enpl oyed for/fhe substrate indica 18 are preferably
col ored, transparent inks, whose colors also correspond to wavel engt hs

wi thin this range. O her optical effects may be obtained in the
security paper 10 by printing some or all of the indicia 18 with
fluorescent or phosphgresgent ing$, Rch as inks visible under ultraviolet
light only. Were ultRavidl et inks arfe used to formpart of the substrate
indicia 18, indicia I\\\\
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printed with such ink may be substantially undetectable under nornal
conditions, but visible under ultraviolet light. Alternatively, selected
portlons f the substrate sheet 14 may be nmade opaque by the use of
non-transparent inks, such as non-transparent white ink, or by netallizing,
for instance by vapor netal deposition on the surPEng Qot. /00063

2/3
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the substrate sheet 14. The use of the latter techniques is particularly

usefub in-formng mcrotext as part of the indicia 18, clearly visible in
the security paper 10 only in strong transmtted |light, but substantially
undet ect abl e in reflected |ight. Finally, the -indicia 18 may
advant ageously include areas printed with magnetic ink that serves the
dual purpose of formng a part of the total = ima bserved ipn, transmtted:
| i ght and pr-oviding an addi tional security feat%&@gdgfehﬁﬂﬁﬁgsby

magnetical ly sensitive detection devices of the type generally known in

the art. The design of the substrate indicia 18 in the security
paper 10 permts a great degree of flexibility in the design of the _
security feature that the final docunent 11 w !l incorporate by virtue of

the total inmage mentioned above. B6B exanple, the indicia 18 may present
areas that resenble watermarks in the final document, but in any visible
color or any conbination of colors. Alternatively,

~ <
o ~3 O
—

—

-
-
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color indicia 1& rmy-+add color detail to a set of indicia 20, 22 provided
on one or both outer faces 24, 26 of the paper sheets 12, 16 when vi ewed
intransmtted light. In such cases, at |east portions of the surface
indicia 20, 22 my also be printed with transparent_jnks. As will be

di scussed in greater detail below where transpar djji n bot h
the substrate indicia 18 and surface indicia 20, ﬁ*?—usk hEET& %Eﬁs e
substrate indicia 18 will dominate in thé%otal i strong
transmitted |ight, whereas the color of the surface i ndi ci a 20 22 aI one
will be visible when the final docunent 11 is viewed in reflected |ight.

This 1is true even where %E@ P‘“ﬁ P N di sposed adj acent
t he col or regions, as has ﬁ'kgesc Elé ﬂggﬁdllgdhlg o? the surface indicia
20, 22 may becone substantially invisible when viewed in transmtted |ight,

due to the dom nance of the substrate indicia 18. simlarly, substrate
i ndi ci a ¥8BSFRACIhsparent colors may provide a col ored background, such

A security paper is provided fdr incorporation in a security document, or other
document having intrinsic value. The security paper includes a resinous substrate sheet (14)
on which indicia (18) are printed. Paper sheets (12, 16) are laminated on either side of the
resinous substrate sheet using a sﬁitable adhesive (28, 30). In the laminated securityy paper,

- thie indicia printed on the substrate sheet are undetectable whexﬁriewed iri reflected light, bt~
become apparent when viewed in transmitted light within the'visibié spectrum. The security
papér may be incorporated in a security document in which a set of indicia (20, 22) printed
on at least one of the outer faces of the papef sheets, such that the indicia on the substrate and
the indicia on the document form a total ixhagé when viewed in transmittéd light. A method
for manufacturing the security paper is also provided.

Fig._ 1
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dé a-ralnbOM/or col or corporate | ogo, agalnst whi ch surface printed indicia
20, 22, appear ‘when vi ewed i For instance, surface
qu|0|a 20, 22 may be line a ‘ds, syeh—as__a _ conpan

name, not necessarily overl ia 18. REPEACE&EEHQSHEET'

apparent through the foll: al t hough

tTHIGrSHEWTI HM@B{:‘E( :
i ng sREBLAGER i ndi

18 DEC 1997

security paper. Furthermore, where printing is done on a
thin inner paper sheet, this would usually involve the use
of' thin inks, resulting in substantial masking of the
security feature by surface printing and making the
security feature 1less visible or not visible at all.
Moreover, the use of paper sheets in the laminate does not
result in a composite security paper having physical
properties beyond these attainable with more conventional
single-web papers. in particular, properties related tb
circulation life, including folding endurance and tearing
strength, are in no way enhanced in the resu;;ing laminate.

Another laminated paper product incorporating a
security featﬁre is’ described in Japane;e laid-open.
application no. 322109/88. That product, a card stock
formed by laminating two relatively thick paper sheets on
either side of a synthetic substrate, incorporates machine-
readable marks on aheisubstrate material.- The marks, such
as universal pfbduct codes, are printed in inks that do not
permit transmission of light of near infrared wavelengths.
Other marks are printed on'the substrate in near infrared-
transmitting inks. “The resulting marks are not
distingﬁishable in visible light, but can be distinguished
and read when the cards are passed between a light emitting
diode of the proper wavelength and a photoreceptor.
However, the cards described are not intended, nor are they
suitable for use as security paper, due to the stiffness
and low folding endurance inevitably resulting from their
physical structure. Moreover, the security £eature taught
in this document is ot readily discernible to a holder
under ordinary light conditions. On the contrary. the
marks printed on the substrate cannot be discriminated in
visible light and are thus of no use to the ordinary holder
without special detection means.

The present invention is directed to overcoaming or
minimizing the drawbzazcks of the existing techniques set

forth above,

ic is stacement sheet
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Wi sposed’ on . only one face of the substrate 1

he—SuHaStefainey
indicia 18 may register_—and cooperate wth surfmmwm on
either of the paper sh eﬁ$|5133.,5,:jr§4A§Qqu Eoth paper ‘

and 2 illustrate in |greatgepLsiet@l | e operati an' of ods
| ayers of the security | ected and| t ar#génggce@b i ght

regimes. As shown in Figs. 1 and 2, the | am nat ed sgc a
includes a substrate layer 14, a layer of indicia 1B dlsposed on one | of
the faces of the substrate layer 14, a first paper |eyer—t2—permament]y
fixed over the layer of indicia 18, and a second paper.|layer 16

ayers: 28, 30 AGOUAE & OB APeFY bapsienivn e, B AREiosR & spBieil oden Syer s 12
16. Ast d%%ﬁ{ﬂrihl -above, in the final docunent 11 incorporating the
Seetr LY Rl bl el R G2 e PrpLed o8 the exposed
such as VWHMpAmgimdlcmdlamsng ocoemef éﬁ!ﬂ§p sid revineussubstrate sheekiands 330
fR?OZSg nanome fifst and 3Gb&HRAtpapEr St %@ﬁtﬁrwapeam 8éink pehdnatly lanfinamet toned
one of said faces of said resinous substrate sheet, and said second paper sheet being
permanently laminated on the other of said faces of said resinous substrate sheet, whereby
said indicia are substantially undetectable when viewed in reflected light and are apparent
through said paper sheets when viewed in transmitted light.

According to another aspect of the invention there is further disclosed a laminated

)
i0s)
[

sécurity paper comprising:

a resinous substrate layer having a first face and a second face;

color indicia printed on said first face of said substrate layer with transparent ink, said
color indicia including at least one region having a color corresponding to a wavelength of
light of from 380 to 720 nanometres;

a first layer of adhesive disposed on said first face of said substrate layer, over sa1d
color indicia; '

a second layer of adhesive disposed on said second face of said substrate layer;

a first layer of paper disposed over said first adhesive layer and fixed permanéntly to
said substrate layer and said color indicia by said first adhesive layer; and

a second layer of paper disposed over said second adhesive layer and fixed
permanently to said substrate layer by said second adhesive layer.

According to yet another aspect of the invention there is disclosed a security
document comprising:

a resinous substrate sheet having two faces;

transparent indicia disposed on one of said faces of said resinous substrate sheet;

- a first and a second paper sheets, each of said paper sheets having an inner face and
an outer face, one of said paper sheets being permanently laminated on a respective face of
said resinous substrate sheet by means of an adhesive applied between said respective face
of said substrate sheet and said inner face of each of said paper sheets; and

_—
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‘paper absorbed by the paper, or reflected. As represented by the line 32

in Fig. 2, transpitted Ilght passes through all |ayers_of the
paper 10 and eme the—sor e 24 of the paper m @,{E%ﬁ%iace
26 through which ?ﬁ“@ | FiY BNy [ Absor bed 1ight, rle ACE
d ﬂéDEEsﬂP'Z

line 34 in Fig. &5 (D | hi o [k he sé@urity paper |1
and absorbed by the paper fibers, and by any pignents la
in the paper to increase opacity. Reflected light, repr

pqr 9ed
cluced
2

a set of indicia printed on at least one of said outer faces of said paper sheets,
whereby said transparent indicia on said substrate sheet cooperate with said set of indicia to
form a total image when viewed in transmitted light.

According to still another aspect of the invention there is further disclosed a method
for manufacturing a security paper comprising the stéps of:

defining a graphic design in color;

printing said graphic design on a resinous substrate sheet as a substantially transparent
color image; and,
permanently laminating said printed substrate sheet between two paper sheets by means of
an adhesive.

According to another aspect of the invention there is disclosed a method for
manufacturing a security document comprising the steps of:

defining a graphic design in color; '

printing said graphic design on a resinous substrate sheet as a substantially transparent
color image;

permanently lamiinating said printed substrate sheet between two paper sheets by
means of an adhesive; and

printing a set of indicia on an outer surface of at least one of said paper sheets,
whereby said graphic design on said substrate sheet cooperates with said set of indicia to
form a total image when viewed in transmitted light.

The present invention will become more fully understood from the following detailed
description, taken in conjunction with the accompanying drawings, wherein like reference
numerals refer to like parts, in which:

Fig. 1 is a partial vertical section of a laminated security paper in accordance
with the present invention, depicting the various layers of the laminate and their interaction
in transmitted light; _ - '

Fig. 2 is a partial vertical section of a laminated security paper in accordance
with the invention, ' '
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es not penetrate i nto the securlty paper 10, but rebounds

ﬁ Jﬂﬁ cﬂ 6 of the paper and from'any.indicia 22 applied to the

er 10 as illust e |

observer S|tuat ed WW&GHEEWHAS&EN) t he paper as a Jq..tuﬂmg 31
shown) from which lfhe | IRERLATED 34, 36 myht origindtd, perceives ofly the

reflected |ight 36 ver on the oppoditje gigigEgﬂWhe
security paper 10 fromthe light source sees transnifttied |ight 32.
Because dIHSAIMSBd light 34 is effectively trapped in {thetayers of thg
security paper 10, it is not perceived by either obslerver. Due to thelhigh
opacity of the paper layers 12, 16 in the present security paper 10,

virtual ly lal | Alsgﬂwltyp@mrtqomﬁglg into the security paper 10 is
ei ther troRsibhd StbstrifeQneét Havingl Moefabespf the security paper 10, or

transparent indicia disposed on one of said faces of said resinous substrate sheet; and

a first and a second paper sheet, said first paper sheet being permanently laminated on
one of said faces of said resinous substrate sheet, and said second paper sheet being
permanently laminated on the other of said faces of said resinous substrate sheet, whereby
said indicia are substantially undetectable when viewed in reflected light and are apparent
through said paper sheets when viewed in transmitted light. _
2  The security paper as set forth in claim 1, wherein said paper sheets are permanently
laminated on each of said faces of said substrate sheet by means of an adhesive.
3 The security paper as set forth in claim 1, wherein said indicia include at least one
color region, the color of said region corresponding to a wavelength of light of from 380 to
720 nanometers.
4 The security paper as set forth in claim 3 further comprising a first layer of
substantially opaque ink disposed under said indicia and a second layer of substantially
opaque ink disposed over said indicia. _
5 The security paper as set forth in claim 1, wherein a portion of said resinous substrate
sheet is metallized.
6  The security paper as set forth in claim 1, wherein a portion of said resinous substrate

—

sheet is perforated.

7 The secui‘ity paper as set forth in claim 1, further comprising microtext disposed on
said resinous substrate sheet.

8  The security paper as set forth in claim 1, wherein said indicia are printed on said
resinous substrate sheet with transparent ink.

9  The security paper as set forth in claim 8, wherein at least a portion of said indicia is
printed in color.

10 - The security paper as set forth in claim 1, wherein at least a portlon of said indicia is
printed on said resinous substrate sheet with fluorescent ink.

11  The security paper as set forth in claim 1, wherein at least a portion of said indicia is
printed on said resinous substrate sheet in ultraviolet ink, said portion of said indicia being'
substantially undetectable under light within the visible spectrum and visible when viewed
under ultraviolet light. | -

12  The security paper as set forth in claim 1, wherein at least a portion of said indicia is
printed on said resinous substrate sheet with phosphorescent ink.

—
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A 2oy o, s (SEMCHENT S

i Fpeccepti®l € td an obseRBRUACEDXaM ning the securitly papg; I~Q- 1 f lject ed
light, and phot or éprogetrer—ai=the'substrate indicip ?@égﬁﬂ’fg—” uglity
in transmtted lfi ght

required for counterfeiting is inpossibles Th

Substrate indicia 18 ,and the rface I ndi

is illustrldt edhessopsity. Pal’e%ﬁ‘?ds EIIIHT‘L Egﬂma?l nt of

tﬂe i %ht ;3&1 prides 8l eexinous mdterlﬂesehcwﬂfrqmumrgrdﬁp pcmsnstmgtoépolymterthe paper

t hrough the,sur transm tted through the paper |layer 16, the.
Boaoaget gk Ao

adhesi ve [P Sstrate | ayer 14 to inpact the substrate
i ndi ci a 194 Reecwesurily, paper auset forgh invyglaigt 1 whergisaihresingn substraterghect has a

S ettt ypnis st s ke
ou n anoneters,

absorb cerlaj rﬁﬁﬁ?ﬁ'&i’é Jraper ?ﬁ‘s"?%‘é‘%! Fhﬂ%ﬁ X\Eggerp (WP@' Sg'ﬁ%ﬁ?‘f‘

col or of tUaaﬁsmi,% trihcludéd Byprange fitom 19 ¢o 5@ gianms, pearsdua:remrlmcmkme;aanm nder

of the | ' q{;,ﬁgﬂ ess #%Cﬁ‘é‘?ﬁ%[‘ﬁ dgfl# %E%O bﬁg 160 93 BinietEis ncidsiVe, ol GnSpROREY

ar eas, Fou
included in a range from 75 to 85 percent inclusive.

16 The security paper as set forth in claim 1, wherein each of said paper sheets
comprises fibrous material selected from the group consisting of wood fibers, cotton fibers,
flax fibers, and hemp fibers. '
17 A laminated security paper comprising:

a resinous substrate layer having a first face and a second face;

color indicia printed on said first face of said substrate layer with transparent ink, sa1d
color indicia including at least one region having a color corresponding to a wavelength of
light of from 380 to 720 nanometres;

a first layér of adhqsive disposéd on said first face of said substrate layer, over said

color indicia;

a second layer of adhesive disposed on said second face of said substrate layer;

a first layer of paper disposed over said first adhesive layer and fixed permanently to
said substrate layer and said color indicia by said first adhesive layer; and

a second layer of paper disposed over said second adhesive layer and fixed
permanently to said substrate layer by said second adhesive layer.
18 The laminated security paper as set forth in claim 17, further comprising a first white
layer disposed under said color indicia, and a second white layer disposed over said color
indicia.
19 The laminated security paper as set forth in claim 17, wherein said resinous substrate
layer has a basis weight included in a range from 11.0 to 22.5 grams per square meter
inclusive, and wherein each of said paper layers has a basis weight included in a range from
19 to 50 grams per square meter inclusive, a thickness included in a range from 0.038 to
0.050 millimeters inclusive, and an opacity included in a range from 75 to 85 percent
inclusive. -
20 The laminated security paper as set forth in claim 17, wherein at least a portion of
said color indicia is printed on said resinous substrate layer with fluorescent ink.
21  The laminated security paper as set forth in claim 17, wherein at least a portion of
said color indicia is printed on said resinous substrate layer with phosphorescent ink.
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22 A security document comprising:

a resinous substrate sheet having two faces;

transparent indicia disposed on one of said faces of said resinous substrate sheet;

a first and a second paper sheets, each of said paper sheets having an inner face and
an outer face, one of said paper sheets being permanently laminated on a respective face of
said resinous substrate sheet by means of an adhesive applied between said respective face
of said substrate sheet and said inner face of each of said paper sheets; and

a set of indicia printed on at least one of said outer faces of said paper sheets,
whereby said transparent indicia on said substrate sheet cooperate with said set of indicia to -
form a total image when viewed in transmitted light.

23  The security document as set forth in claim 22, wherein at least a portion of said
indicia printed on said outer face of said paper sheet become substantially invisible when
viewed in transmitted light. o

24  The security document as set forth in claim 22, wherein said set of indicia disposed
on said outer face of said paper sheet is in register with said indicia on said substrate sheet.
25 The security document as set forth in claim 22 further comprising a first layer of
substantially opaque ink disposed under said transparent indicia and a second layer of
substantially opaque ink disposed over said transparent indicia.

26 The security document as set forth in claim 22, wherein each of said paper sheets has
an opacity of from 75 to 85 inclusive.

27 The security document as set forth in claim 22, wherein said resinous substrate sheet
has a basis weight included in a range from 11.0 to 22.5 grams per square meter inclusive,
and wherein each of said paper sheets has a basis weight included in a range from 19.0 to
50.0 grams per square meter inclusive and a thickness included in a range from 0.038 to

0.050 millimeters inclusive. _

28 the security document as set forth in claim 22, wherein said transparent indicia
include at least one color region, the color of said region corresponding to a wavelength of
light of from 380 to 720 nanometers.

29 The security document as set forth in claim 22, wherein a portion of said resinous
substrate sheet is metallized. '

30 The security document as set forth in claim 22, wherein a portion of said resinous
substrate sheet is perforated.

31 The security document as set forth in claim 22, further comprising microtext disposed
on said resinous substrate sheet.

32 The security document as set forth in claim 22, wherein said indicia are printed on
said resinous substrate sheet with transparent ink.

33 A method for manufacturing a security paper comprising the steps of:
defininge a oraphic design in color;
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H'II“LUJ"LIH&H"HE Me | ayer 28 a aper |ayer 12, anfl pRerges—~ he
s LimyieRs WEDRREONN Secur | Ly—pe ] Where the syirface indicia 2p

conprise no transpare the 1ight enefg|ng! 81066 199%
security paper 10 i ¢ i-b~—t he sane color fas{ithe reqion 40
42, 44, 46; 48 of t H I ndi ci @418 t hrough wh|ch the | i ght

o : i ndi_cj by d
"o the cof orbt g saieCapit 3pRgh S aiefngls BIEHE theet ol p SIBRFERIY Sapliirein™
primarily colestimagesand, substrate regi ons underlying those areas. The total
| mage  ohemyedis TRhiiaAtg 540 gﬁdﬂ% SiBSHtk Sheeh B&%{jee% ?/w_b Barder S by Sifkans bt 9Nt

is, therefore, g conbi natTon i ate

f the image create
i ndi ci a 180AMeH¥e surface indicia 20. The
34 The method as set forth in claim 33, comprising the further step of metallizing a

portion of said resinous substrate sheet prior to said laminating step.
'35 The method as set forth in claim 33, comprising the further step of perforating said
resinous substrate sheet prior to said laminating step.
36 The method as set forth in claim 33, comprising the further step of printing a
microtext on said resinous substrate sheet prior to said laminating step.
37 The method as set forth in claim 33, wherein at least a part of said graphic design is
printed on said resinous substrate sheet with fluorescent ink.
38 The method as set forth in claim 33, wherein said graphic design is printed on said
resinous substrate sheet by a rotog'ravure' printing process.
39  The method as set forth in claim 33 further comprising disposing a first layer of
substantially opaque ink under said graphic design and disposing a second layer of
- substantially opaque ink over said graphic design.

40 The method as set forth in claim 33, wherein at least a portion of said graphic design
is printed on said substrate sheet with phosphorescent ink.
41 A method for manufacturing a security document comprising the steps of:

defining a graphic design in color;

printing said graphic design on a resinous substrate sheet as a substantially transparent
color image; '

permanently laminating said printed substrate sheet between two paper sheets by
means of an adhesive; and )

printing a set of indicia on an outer surface of at least one of said paper sheets,
whereby said graphic design on said substrate sheet cooperates with said set of indicia to
form a total image when viewed in transmitted light.
42  The method as set forth in claim 41, wherein said set of indicia is printed on said .
outer surface of at least one of said paper sheets by intaglio printing. |
43 The method as set forth in claim 41, comprising the further step of metallizing a
portion of said resinous substrate sheet prior to said laminating step.
44  The method as set forth in claim 41, comprising the further step of perforating a
portion of said _re,sihoﬁs_ sdbétfafé ‘sheet prior to said laminating step.
45  The method as set forth in claim 41, comprising the further step of printing a
microtext on said resinous substrate sheet prior to said laminating step.
46 The method as set forth in claim 34, wherein said graphic design is printed on said

~ resinous substrate sheet by a rotogravure printing process.
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sth ngef the transnitted light 38 incident on
nﬁ#@’the i mge created by the substrate i ndi
ovéF “t he i mage created by t he surface indici

the security paper 10, the

illustrates how other optical effects may bq

security paper 10. In lieu of transparent ijn
may. conpri se regi ons 54 nmade opaque by net al
non-transparent ink. Such regions 54 will, d

cia 18 will tend to dom nate
a_20. Fig 1 al so
'nQQEEQC@M%ET

P

fﬂg H&ﬁ i %C 3_

all transmitted light and thus producd- dark g
perceived. Alternatively. the substrate 14 nay &% rfoP%%gd ain
regions 56. Such perforations will becone filled wi th adhesive d t he

| ani nation of the various layers of the securitPAIEHEF RECFIPBec.
. adhesive is preferably transparent, such perforated regions 56, WTT

transmt |ight w thout al teration. Exanpl es of these cooperative
effects are illustrated in Figs. 3 and 4. In Fig. 3, line art

conprising the

nunmeral "1" surrounded by a circle (depicted by dashed

line§ 60) is shown as it mght be printed in a | ower corner

SECURITY PAPER WITH COLOR MARK

The present invention relates generally to securic
papers and, more particularly, to a laminated security
paper for use in making banknotes, paséports. stock
certificates, checks and the like.

A great number of printed documents require highly
reliable means ¢f ensuring their authenticity due tc some
intrinsic value associated with them. These documents
range from banknotes to property titles, and include such
things as negotiable instruments, stock certificates,
checks, and passports. To be truly of value to ﬁhe_user or
holder of the document, the means employed to indicate
authenticity must .be readily and easily detectible.
Moreover, to serve the more general purpose of allowing the
public at large to rely on the authenticity of the
documents, these means should be permanent, durable, and
difficult to replicate. This latter quality is

_..particularly_ important to preclude, or at least to

dissuade, attempts at counterfeiting the documents in order
to ensure a maximum degree of confidence in the original
aocument. In the case df‘banknotes,'ﬁassports, checks, and
other intrinsically valuable documents, confidence in th

authenticity of the document is especially important, as
any member of the public might become a holder or user of
the document at any time. Thus, creators of such
intrinsically valuable documents are most often concerned

‘'with providing a means by which the public may verify th

authenticity of the documents because, ultimately, it is
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of theXputer surface 26 of t he paper sheet 16, with a

numé“ra,l "1" being printed in an upper
-21- cor ner

of the sane surface 26.

simlar encircled

Col ored regions 62 (only

Zzstorically, attempts azt guaranteeing the

- authenticity <¢Z intrinsically valuabls documents have
concentrated con two aspects of the documents (1) =zte

paper -emplcoyed as the basis for the dccument, Typicalily

referred o in the art as "security paper," and (2) scme

securicTy Iesalture elliier 1nce

formation

roorated in

their impor

~he paper cr added

£ the paper into the £final

tant role in providing lasting

documents and a dependable basis for public confidence in

the zauthentici

and the security

ty of such documents, both the security paper
feature

must respcond TO numerous,

stringent criteria relating to their design and uytilicty.

Criteria for security papers include both physi
The

optical requirements.

cal and

requirements of security

features relate not only to their physical properties, but

also to the relative difficulty of ;heir replicaticn and to

their reliability in guaranteeing the authenticity of the

final document.

The physical requirements imposed cn security vpapers,

particularly papers used in the manufacture of banknotes,

are generally much more strict than

paper.
"grammage" of the paper,

-.~SQuare meter,

or pounds per ream.

for other types of

One such requirement is the "basis weight" or the
usually expressed in grams per

For most security

papers, the basis weight must fall within a fairly narrow

range so as to lend sufficient body.
document to satisfy the expectations of holders,

or feel, to the
while

allowing the dccument to be easily folded and unfolded.
Closely related to the basis weight is the "caliper," or

thickness of the paper,
miliimeter or inch.

the security papers used in any particular application

function well with

expressed in fracticns
It is important

machines,

of a
that the caliper of

-

such as automatic teller
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oqé su¢h region shown in Fig. 3) on the substrate sheet 14 are positioned
to.Fegister with and to overlie the encircled nuneral on the paper

sufface 26. In this arrangenent, an observer viewi ng the outer surface
26 of the final docunent 11 in reflected |light would perceive only the
surface indicia 22, 60. Wen the sane docunent 11 is viewed fromthe same
side, but with a light source |ocated on the opposite side of the docunent
fromthe observer, the total inage perceived by the observer would include
the line art 60, colored by the col ored regions 62 on the substrate. A
simlar arrangenent is depicted in Fig. 3 for substrate indicia 18
representing a building and | andscape 64. An imge 66 printed on the outer
surface 24 of the paper sheet 12 may include line art and transparent ink
covering some orn&didinek Ghe susi aomeal stheersnbgeib¥. wAS i Mmehesgnevi ous
exanpl e, an obsepygef;viemdigat hedocuent 11 in reflected Iight would
perceive only the |nage “6 as it a Qe ars _on the_surface 24 of the paper

sheet 12, and in the Sepf e :r‘lanté Bt the 28Tr FAEE T4, PATPEW 1n°gs tFe document
11 i transm tte8eF4GRY, ??RﬁﬁévéFc’%sﬁem?}’sé‘r*\‘i%r‘-*vﬁbLﬂ-é‘ape"" Fgec its
abpility to withstand the use, and abuse, lixkely during its

service life. The tensile strength, expressed in units ¢
force per unit widch, re§rese;:s-the greatest longicudinal

. stress a piece of paper can zear without tearing aparc.
Other strength parameters include wet tensile strength,

. breaking strength, tearing strength, and foldlag enduranc

Because banknotes are inevitzbly folded and- unfolded man
times during their circulation life, high strength and
great folding endurance are required of the papers frcm
which they are made. Banknote paper is typically desigred
to allow some 5,000 to 8,000 folds during its expected
circulation life. It should be noted that ratings of

¢ : security papers based upon the number of folds the papers
: dan endure without tearing may vary widely depending upon
the test procedures employed. Moreover, while permiqting
a considerable number of folds. modern banknote paper must

retain some degree of rigidity, or resistance to bending,
sometimes referred to as "crispness,” to pass successfully

through automatic teller machines and high speed sorters.

.Other important physical properties of seéurity papers

include porosity, printability, and dimensional stability.

—~ —Because, porosity is related to the soilability of a paper;
that is, .the tendency to absorb or retain impuritiesf a
relatively low porosity is gererally desirable for security
papers, to increase the likelihood that the document will
maintain a clean appearance throughout its useful life. AL
the same time, security papers require good printability

characterlstlcs to ensure accurate and precise impression -

in the printing processes e:ployed in the manufacture of
the final document, as well as proper Dpenetration and
adhesion of inks used in the document production. Printing
processes used =o make cartain intrinsically valuab.e
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a total*i mage made up of the surface i mage 66 conbined with the substrate
i nEge . '64. Cenerally, the greater the intensity of the light used to
view t he docunent 11 in the transmitted light regine, the nore the
~substrate image 64 will donminate in the total inage perceived by the
observer. \Were -desired, the surface indicia my even becone

- substantially invisible when the docunent is viewed in transmtted |ight,

i due to the dom nance of the substrate inage 64 in the total inage.

| Anot her exanpl e of the cooperative effects of the substrate indicia 18 and
"the surface indicia 20, 22 is illustrated in Fig. 4. As nentioned above,

t he design and pl acenent of the substrate indicia 18 need not be identical
to the design and placenent of the surface indicia 20, 22.

docurments mway place extrame demands on the paper.

- Intaglis, or gravure printing, for example, often used in

'

rinting banknctes and cther documents, invzslives tremendous

essures between the printing plates and the paper. The

§
ke
A

vaper seiected must withstand these processes without loss
-of physical integrity. Finzlly, the paper’'s dimensional

0
ct

ability 1is important, becth during the manufacturing
. e

o]
th

the <£finail

rocesses and during the service 1i

'y

docurent. In particular, the paper should not swell or
. contract excessively due 0 changes in humidizy cthat

'_\‘

typically occur during the manufacturing prccess and during
crdinary use.

Security papers typically exhibit certain optical
properties that affect their usefulness and acceptability
to the public. The most important of these properties are
the surface characteristics of the paper, and the paper’s

. opacity. Surface characteristics include color,
brightness, gloss, finish and smoothness. These parameters
are usually specified by the designer of the final document
based upon the aesthetics desired in the document; and
various processes, such as coating and calendering. may be
used to obtain the desired appearance and feel. - The
cpacity of the paper fefers to the relative inability of
light to pass through the paper. ' Opacity is generally
represented in terms of the percentage of cthe 1light

~~kncident on one side of the paper that is not transmitted
through the paper to an observer on the-other side, but is
reflected or absorbed by the paper. High opacity, that is,
in excess of about 75%, is generally desirable for security
papers. However, variations in opacity may actually serve
as security features in the final document, as in the case
of watefmarks, wherein the image or mark, visible in
transmitted'light, is formed by causing the paper to take
on different levels of opacity in such a way as to defin
a recognizable mark.
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-22;_ > As shown in Fig. 4, a security feature incorporated in the
s€cyurity paper 10 may consist in a "ghosting" effect induced by the

" substrate indicia 68 when viewed in transmtted light. |In such cases, the
surface indici.a 20, 22 need not include line art or other indicia
specifically "colored" by the substrate indicia 18 in the total i nage.

The-preferred nethod for making the security paper 10 w Il now be

descri bed. Because the substrate indicia 18 forma total image in .
conmbi nation with the surface indici a _g20, 22 di sposed on the security paper
10 in the final

The selecticn and specification cf the securicy
fsature to be incorperated into an intrinsically valuzble
decument is citen intimately related to the specification

f the security paper in connection with which it is to be
used. There are several reasons for cthis. Firsc, the
security feature is coften a quality c¢f che paper itself,
such as a watermark or a particular paper composition.
Zven where th2 feature may be said to constitute an element
separate from the paper, such features are often ixbedded

e "7 in the paper during the papermaking prccess. This is true
for a great numbef of security features, including so
called security threads, chemical additives, colored
confetti, and thin tapes containing microtext or other
indicia. In addition, even surface-applied security
features must be compatible with the underlying paper to
proyide the desired adhesion and durability characteristics
to the resulting document. Such surface-applied security

; features include non-reproducible images., such as line arc
that produces moire patterns when photocopied,

. photosensitive coatings, and surface decals. Even
intricate line art printed on the face of the document may
constitute a security feature by virtue of the difficulty
with which it is replicated. In all cases, however, the
security feature must function well with the security paper
selected.

T The criteria for an effective document security
feature are relatively easy to formulate. Such features
should be difficult to replicate to deter potential-
counterfeiters, or at least .to render the fruit of their
enterprise less passable to the public. The features
should permit ready detection by means available <o
ordinary holders or users of the final document. For
banknotes and other ddcuments on whose authenticity the
public at large relies, the features should be discernible
and verifiable under ordinary light conditicns. Finally,
in certain csses, it may be desirable that the sacuriiy -
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docunent 11, the process for manufacturing the security paper 10 generally
beglns‘MAth the graphic design of all indicia 18, 20, 22 to be printed on
t he~substrate sheet 14 and paper sheets 12, 16. Alternatively, the graphic
design for the substrate indicia 18 may be prepared i ndependently of the
surface indicia 20, 22, particularly where a standard paper is used by an
i ssuer for a nunber of different final documents. In either case, the
graphic design for the substrate indicia 18 nay be prepared by an
artist-designer based on any color picture or notif, and may incorporate a
full .range of visible colors and details. In developlng t he graphic
design, the designer may specify that -the.design be precisely placed in
the security paper 10, or continuously or repetitively printed on the
substrate 14. Ag_has befg descri bed above, the g ghlc design for the
substrate indici 248 fray® 1 WERUdR EFEAY o “coldF ox?é{ m%Hi c*sut?Ze indicia
20, 22, includi ngFaréxEiesweE| BRIt SHCH st haRf19%8F - docunent 11. I n
addition to col or nawks.eandmsmges;tetrhe gragphdmpezdesiwraegharaywart| ude in

the Substrate ingivei8odd bl NS cplreallfd he¥ire1 sBOTY fsBLL$r12Q" cretOr ds
resenbling \MateIs ﬂg%rgg easy task. Historically, the production of an ”
effective security feature for dccuments relied upcn
specialized Xnowledge or ability possessed by only a tiny
segment of the public. Thus, for centuries <tThe rare
talents of the master engraver and the specialized
knowledge of the printer sufficed to prevent or deter mesct
forgery attempts. Later, the combination of specialized
knewledge of several disciplines into the same document
- became the key to preventing counterfeiting by all but the
most determined and able teams of forgers. However, modern
advances in color photocopying, scanning, and offset
printing technologies have made the production of very
convincing counterfeits possible even without such
specialized knowledge. To be truly effective against
forgery., security features must now be not only difficult
to replicate due to the specialized knowledge required for
their production, or due to a combination of specialized
fields into a single document, but must be very difficult
or impossible to'duplicate on sophisticated photocopying
machines.
' Finally, tOo be useful in producing intrinsically
w;aluable documents,.the security paper and the security
feature incorporated in or on the paper must togefher be
capable of transformation into a aesthetically pleasing
document, at commercial rates and at a reasonable cost.
The governmental, quasi-governmental, and corporate
entities that generally issue such documents demand no less
than that their'documents reflect the character of their
issuer and inspire the utmost confidence by both their
functionality and their appearance. Thus effective
security papers and security features should offer a wide

-
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print ed in non-transparent or transparent white ink, and designations
pfinted in fluorescent, phosphorescent, or nmagnetic ink. Mor eover,
the- design may i nclude perforations in the substrate sheet 14 desi gned
t(2)3permt transmtted light to pass unaltered. Metallized regions

degree of freedcnm in the design and exscuticn cf the Zinal

A nurker c¢I apprcaches have been trcpo

n
o
Q.
' &
I
'3
y
()}
'
v
1]
ot

- for providing a security caper with effective security
features. May cf the preposed security papers incorpcrate
security features during the papermaki:g process, that is,
on the papermaxing machine while the web of the security
paper is being Zormed. Such pabers =3Xe use of security
features such as water marxs, security threads, security

= " tapes with or without microtext, confetti, and other

devices embedded in the parer prior tTo completion of the
papermaking operation. iowever, such security papers
generally cannot provide a security feature covering the
entire surface of the security paper due to the need to
drain moisture from the paper during final processing. In
addition, security features such as confetti are not
generally localized within the .security paper, as is
required in many applications. Although security features
such as security tapes and threads-may'be localized in the
papers,'these devices can cause difficulties in ﬁrintin§.
sheeting and other process steps due to the increased local
thickness in the paper resulting from their presence.
Another approach to incorporating a security feature
in security paper is to laminate finished paper sheets to
'forﬁ a composite security paper. One such security paper s
“is described in-U.S. Patent no. 5,161,829. In that et
security paper. at least two paper sheets are laminated to '

form a security paper with an authentication -indicator
incorporated in the laminate. The authentication indicator
is printed on the inner surface of at least one of the
paper sheets prior to lamination, and is detectible in
transmitted light, but not in reflected light. However,
printing authentication irdicators on one of the paper
sheets can 1lead to prob.ems with "show-thrcugh,” or
bléeding of the inks used to print the authentication
indicators, thrcough the paper sheets =2 the suriace of the
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may al so be provided in the design to render the substrate sheet 14 opaque.
The, grdphi c design is processed in order to convert to a printable form
This is preferably acconplished by el ectronic col or separation. A nunber
of suitable color separation devices are known, including |aser analyzers
and scanners. Such devices transformthe design into pixels, or an array
of mnute points, containing primary colors. The col or separation devices
al so determne the intensity of the coloration of the pixels, and encode
and store the i nage thus anal yzed. "8~ Once the col or separation is
conpl.ete, printing plates or cylinders are prepared for printing the
substrate indicia 18 onto one face of the substrate sheet 14. The
preferred printin rocess is roaggravure reproduction. The el ectronic

col or separat i off YEvFELIPE pr FETRBFPP s et Ti®t REtPHF dF rdY €914 nder
engravi ng, or ferncimeroPRPer stiketexghdsuralti wp:adfy phrordyernsiet bye nateri al
In an indirect of thin inks, resulting in substantial masking of the
- security feature by surface printing and making the
security feature less visible or not visible at all.
Moreover, the use of paper ;heets in the laminate does not
result in a composite security paper having physical
properties beyond those attainable with more conventional
~ single-web papers. In particular, properties related to
_circulation life, including folding endurance and tearing
strength, are in no way enhanced in the resulping laminate.
Another laminated paper product incorporating a
security featﬁre is described in Japanese laid-open
application no. 322109/88.  That product, a card stock
formed by laminating two relatively thick paper'sheets on
either side of a synthetic substrate, incorporates machine-
readable marks on the substrate material.- The marks., such
as universal pféduct'éodes, are printed in inks that do not
permit transmission of light of nedr infrared wavelengths.
Other marks are printed on the substrate in near infrared-
transmitting inks. 'The resulting marks are not
distinguishable in visible light, but can be distinguished
and read when the cards are passed between a light emitting
diode of the proper wavelength and a photoreceptor.
However, the cards described are not intended, nor are they
_Suyitable for use as security paper, due to the stiffness
.and low folding endurance inevitably resulting from their
- physical structure. Moreover, the security feature taught
in this document is =not readily discernible to a holder
under ordinary light conditions. On the contrary, the
marks printed on the substrate cannot be discriminated in
visible light and are thus of no use to the ordinary holder
without special detection means.
The present invention is directed to overcoaing or
minimizing the drawbacks of the existing technigues set

forth above,
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p[&ocesé\/ for chemcally engraving a rotogravure cylinder. Color synthesis,
ir‘r\t he*printed substrate indicia 18 is acconplished by neans of separate
rotogravure cylinders for each transparent color, and for any

non-transparent or magnetic inks called for in the graphic design. = The
engraving depth on the rotogravure cylinder is typically in a range of from
3 to 32 mcrons. Prior to printing the substrate indicia 18 on the

substrate sheet 14, the substrate sheet is preferably given a Corona

el ectric discharge treatnment to inprove the adherence of the ink to the
substrate sheet 14. Corona treatnent has al so been found éo enhﬁnce t he
adherence of the paper sheets 12, 16 that will_ be | anminated on the
substrate she Ccfﬁﬁlélt% Pig AsReRkol e iRvaRHQR thets isrdiscesed ANEFUTITpapen.

t r eat nent comprisingcarried out in any suitable apparatus readily avail able
comer ci al Irg

: ' in.filns, such as treaters available from
Sher man TF ea%liélgﬁss %\%)Sﬁhfe}ﬂgétﬂ'@glqgntgo faces,

transparent indicia disposed on one of said faces of said resinous substrate sheet; and,

ol

a first and a second paper sheet, said first paper sheet being permanently laminated on
one of said faces of said resinous substrate sheet, and said second paper sheet being”.
permanently laminated on the other of said faces of said resinous substrate sheet, whereby
said indicia are substantially undetectable when viewed in reflected light and are apparent
i:hrough said paper sheets when viewed in transmitted light.

= ~According to another aspect of the invention there is. further disclosed a laminated
security paper comprising:

a resinous substrate layer having a first face and a second face;

color indicia printed on said first face of said substrate layer with transparent ink, said
color indicia including at least one region having a color corresponding to a wavelength of
light of from 380 to 720 nanometres;

a first layer of adhesive disposed on said first face of said substrate layer, over said
color indicia; : ! '

a second layer of adhesive disposed on said second face of said substrate layer; .

a first layer of paper disposed over said first adhesive layer and fixed permanently to
said substrate layer and said color indicia by said first adhesive layer; and

a second layer of paper disposed over said second adhesive layer and fixed
permanently to said substrate layer by said second adhesive layer.

According to yet another aspect of the invention there is disclosed a security
document comprising:

a resinous substrate sheet having two faces;

transparent indicia disposed on one of said faces of said resinous substrate sheet;

a first and a second paper sheets, each of said paper sheets having an inner face and
an outer face, one of said paper sheets being permanently laminated on a respective face of
said resinous substrate sheet by means of an adhesive applied between said respective face
of said substrate sheet and said inner face of each of said paper sheets; and
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-24- ¢ Optionally, the substrate sheet 14 may be netallized or _
pepforated prior to printing, if called for in the graphic design of the
substrate - indicia 18. Vapor deposition techniques are preferred for
nmetallizing, and all or a portion of thé substrate sheet 14 may be exposed
to such deposition. Perforation of the substrate sheet 14

a set of indicia printed on at least one of said outer faces of said paper sheets,
whereby said transparent indicia on said substrate sheet cooperate with said set of indicia to
form a total image when viewed in transmitted light.

According to still another aspect of the invention there is further disclosed a method
for manufacturing a security paper comprising the steps of:

defining a-graphic design in color;

printing said graphic design on a resinous substrate sheet as a substantially transparent
color image; and,
permanently laminating said printed substrate sheet between two paper sheets by means of

=~ an adhésive. .

According to another aspect of the invention there is disclosed a method for
manufacturing a security document comprising the steps of:

defining a graphic design in color;

printing said graphic design on a resinous substrate sheet as a substantially transparent
color image;

permanently laminating said printed substrate sheet between two paper sheets by
means of an adhesive; and

printing a set of indicia on an outer surface of at least one of said paper sheets,
Wﬁereby said graphic design on said substrate sheet cooperates with said set of indicia to
form a total image when viewed in transmitted light.

The present invention will become more fully understood from the following detailed
descnptlon taken in conjunction with the accompanymg drawmgs wherein like reference
numerals refer to like parts, in which: '

Fig. 1 is a partial vertical section of a laminated security paper in accordance
with the present invention, depicting the various layers of the laminate and their interaction
in transmitted light;

Fig. 2 is a partial vertical section of a laminated security paper in accordance
with the invention, |
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may be used to formtext, specific designs, or dotted contours to provide
anadded security feature. Such perforation is generally carried out on
speti al perforating machi nes having needles, typically 0.8 to 1.0
mllimeters in dianeter, that pierce the substrate sheet 14. Were a
perforated pattern is designed to cooperate with a printed or netallized
area on the substrate sheet 14, the perforating step is preferably carried
~out after conpletion of the printing and netallizing steps. Such
perforation may be carried out on any,puitable machine, such as machines
avai l.abl e commercially from Zi mrermann” & Co. of Berlin, Germany. The
substrate sheet 14 is then printed with the substrate indicia 18,
EI | owi _ngt_suffi Ci e][lt Elhma :)ﬁtween printing ftage_s t;)hal low inks to d][y. ]
or rrnting, as;..or e _otner caQnver.sion.steps. I.n I :
secu'lroi ty pager lbf‘ufﬁfeatsfﬁﬂsf?f%t?éé%gﬁ%%tog'_lai’sﬁfg?"é”rnabF?ygpfrc?g"g%g%tdlcgpo?n at rgl I
of resinous fil MortiEdt FRCPiBEes8’it tWe 28ttt FateSaf&feérial in roll form
faci__L__i tates the prinfi®g andibanknatersnestieps, veerd pdr miet sbetigogrocess to '
be carried out ifhddreshirlihgncgllagddulriep 2Rdr aln AadQAFARAD | Rith the -
inventicn, with portions of the paper removed to illustrate
certain cooperative effects possible between indicia on the
varicus sheets or layers of the paper: and
FIG. 4 1is a perspective view of a ©Ptanknote
incorporating the security paper of the inventicn, with
’ portions 0of the paper removed to show a further coocperative
effect possible between the indicia. ’
wWhile the invention  is susceptible ' to various
modifications and alternative forms, specific embodiments
have been shown by way of éxample in the drawings and will
be described in detail herein. However, it should be
understood that the invention is not intended to be limited
to the particular forms disclosed. Rather, the inventicn
i 1is to cover all modifications, equivalents and alternatives
falling within the spirit and scope of the invention as
defined by'the appended claims.
Turning now to the drawings-and referring to Fig. i,
a laminated security paper, designated genérally by the
reference numeral 10, is depicted in partial vertical
section to illustrate the layers of which the paper 10 is
- comprised. As depicted in Fig. 1, the securiﬁy paper 10 is
" Tintended ultimately to be in;ofporated in a final document
11, such as a bénknbte. stock certificate, check, passport.
or any other intrinsicélly valuable document for which
authenticity ensuriﬁg features are desirable. It should be
noted that the present security paper 10 may also find
applications in other areas as well, including corporate
letterhead, paper for occasional invitations, and the like.
The security paper 10 includeé a first paper sheet 12, a
substrate sheet 14, and a second paper sheet 16. Indicia,
desigrated collectively by the reference numeral 18, are
disposed  on one surface or face of the substrate sheet 4
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cost. - The printed substrate sheet 14 is next | am nated between two
paper sheets 12, 16 to formthe security paper 10. In a presently
preferred arrangenent for |laminating the security paper 10, lanmination is
~acconplished'in a |am nating station consisting of a | am nating nmachi ne of
the type generally known, and a tunnel -type adhesive curing section.

Such lanminating machines are commercially available froma nunber of:

manuf acturers, such as Cerruti
: -12-

prior to lamina:ion of the three sheets 12, 14, 16. A set

(o]
Hh

indicia 20, 22 may be disposed on the outer faces 24, 26

[¢)

£ either, or both of the two paper sheets 12, 1%, as
‘o -illustrated in Fig. 1. Although reference is made to the
indicia 18, 20, 22 in the plural throughout the presen

1

description and in the claims, it should be understcod that
the "indicia" 18, 20, 22 may., in fact, constitute a single
"indicium," cr image, on the substrate sheet 14 or on !
either of the paper sheets 12, 16. As will be more fully '
... described below, the indicia 18 on the substrate sheet 14
are preferably designed and disposed on the substrate sheet
14 in such .a way as to register and cooperate with scme or
all of the set or sets of indicia 20, 22 on the paper
sheets. 12, 16 to form a "total image,” such as a color
picture, when viewed in transmitted light. '
The substrate sheet 14 is preferably a thin,
transparent, resinous sheet material. Synthetic materials,
such as polyester or polypropylene, or organic resinous
materials such as cellophane, may be used for the substrate
sheet 14. At present, polyester film material is generally
preferred for the substrate sheet 14, such as a polyeﬁter
£film manufactured by E.I. Du Pont de Nemours Company and
commercially available under the tradename Mylar. The
substrate sheet 14 preferably has a basis weight of between
11,0 and 22.5 grams per square meter, inclusive, and a
- ---thickness, or caliper of from 8 to 16 microns. For the
best performance, both during later converting operations
- and_ during use when incorporated 4into the lamina;gd
" security paper 10, it is desirable that the substrate sheet
have good dimensional stability, of the order of -1.5%
(150°Cc, 30 min.). Information on such dimensional
stability properties are commonly available from <£ilm-
suppliers. _ Resinous sheet material meeting these
specifications is available commercially in a number of
forms, including rolls, from a variety of manufacturers,
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paper
rolts,

‘are

t he paper sheets.
t he substrate sheet,
sheet dependi ng upon the adhesi ve enpl oyed,

substrate

pressed by nip rolls to forma |lamnate

Italy. To formthe | am nate,
t he
and the printed substrate sheet 14 is fed into the station between
Adhesive is continuously applied to either the faces of
or to the surfaces of the paper sheets facing the

into

two sheets of thin, high opacity

| am nating station, preferably from conti nuous

and the sheets are

The | am nate proceeds through

the curing section where the adhesivelfs cured to permanently bond the

| am nat ed | ayers.
adhesi ve

. the

enpl oyed,

adhesi ve manufacturer.
N6 EsI sheet PumBynbedy dlelmeek sf ~d gpoepany. Imperial

station as a co

The precise design of the curing section depends

upon
curing-conditions reconmended by the
exiting fromthe | am nating

and the
The security paper,

Chemical Industries Plc, Zzstman Xodax Company, and 3M.

The paper sheets 12, 16 incorpcrzted In tha security

paper

o
v}

inclusive,

meter peing

sheets 12,

. millimeters to 0.050 millimeters, inclusive. The

sheets 12,

10 are preferably =nigh cpacizv,
sis weight,
preferably in a range from 19 to 50 grans per sguare

thin paper. Tre

or gramnmage, of the pzacer sheets 12, 16 is

3
o

Ter,

-

A1)

(]

with a grammiage of aboutc 34 grams per s r

Q

3
ape

oresently preferred. Z“he ‘thickness ¢

16 is preferabiy included :in a range frer

Lo B = h
O
w (D

N

16 may typically include fibrous raw materials,

such as cotton, flax, hemp. and wood fibers, or a mixture

of such fibers and cellulosic materials,

cellulose.

combination of 75% cotton textile
. cellulose.

such as woed
The paper composition presently preferred is a
fibers and 25%
that the

wocd

However, it should be understood

present security paper 10 is not limited to any particular

composition of the'paper sheets 12, 16, and in specific
applications, the precise composition of the paper sheets
12, 16 may be specified by the eventual issuer of the final

document 11.
- (not shown), such as polyester, rayon, or nylon fibers,

In such cases, additicnal security features

fine huing pigment, and certain chemical additives may be

incorporated in the-

paper sheets 12, 16 without

substantially affecting the operation of the present color

e

- -marks as security features.
The opacity of the paper sheets 12,

16 is preferably

at least 75%, with opacities in a range of from 75 to 85%

providing

security paper 10.
thin paper,
added during the papermaking operation.

good results when inéorporated in the laminated
To obtain such opacity levels in very
fillers and pigments may be advantageously
Titanium dioxide

may be suitably employed as a pigment. along with numrerous

other substances,

such as calcium carbonate. One such

titanium dioxide filler is commercially available under the

tradename

"Titancx" RA 50 from Krcnos of Canada.

This is the replacement sheet

Date: 08 AllG 1997



~
S

cutti ng» into sheets, or may be sheeted directly as it is produced. Any
sui't abl’e sheeting deV| ce may be enployed for this, such as a Pasaban

sheeter. The format set on the sheeter wll depend upon specifications
set by the end user of the security paper 10, and ultimtely upon the size
of the docunent to be nmade fromthe security paper. After sheeting,

counting and -quality control operations nay be perforned, and the
surface indicia 20, 22 may be printed on one or both sides of the security
paper 10. The security paper 1014s suitable for intaglio printing,
- generally preferred for such docunents as banknotes, as well as for

mul ticolor offset printing. Were registration between the substrate
indicia 18 and the surface indicia 20, 22 is desired, registration marks
are preferably incoriper aeestr isteeh® Subdr are Pedissicdad8iredndy pximti ng on

t he security papetzatiei Sageegeiiny edotdssgenetidlel yotherisaee m@Aneds as for
known water markse ge—era:”'&ﬁ Jv@*@ﬂ%dngom?-t:!éoqlah@&cb ep $pund Le.droduce high

quallty securit er, W|t t ro ertles eneral ly
gbgeatp T‘I’l'lé/% e nJ. \M?Rai%td,r r? P g....‘e

conparabl e to or sur pasS| ng 0S8 0 pa _rg The
substrat e i NndPER £argRle gceproducing, other types of "*achluea, such &s

cylinder machines may also be used. For good wet strength
properties, wet strength resins are preferably added durirg
the papermaking process. Such resins include melamine-

formaldehyde resins, such as resins available from American

. Cyanamid Company and marketed under the tradename "Parez"

resins 607 and 613, or resins available from .Hercules Inc.
under the tradename Kymene, such as Kymeme 450.

Once the substrate indicia 18 have been dispcsed on
the substrate sheet 14, as will be described in greater
detail below, the paper sheets 12, 16 are laminated on
either face of the substrate sheet 14. To laminate the
paper sheets 12, 16 to the substrate sheet 14, a suitable
adhesive is applied between the faces of the substrate
sheet 14 and the inner surface of the paper sheets 12, 16,
and the three sheets 12, 14, 16 are pressed in a laminating
maéhine where the adhesive is cured, as will be described
below. .

Good adhe51on of the paper sheets 12, 16 to the
substrate sheet 14 is important to the effectiveness of the
security paper 10 in preventing or deterring counterfeiting

- .attempts. Specifically, the laminateamsecurity paper 10
should not be susceptible of delamination that could expose
the substrate indicia 18 to copying. Any suitable adhesive
that, when <cured in the laminate, will preclude
delamination of the security paper 10 may be used. The
adhesive may be a single component adhesive, or a double or
multiple component glue. Ultraviolet curing or electron
beam curing adhesives may also be employed. Because the
substrate indicia 18 should selectively cooperate with the.
surface indicia 20, '22; without interference from the
adhesive, the adhssive is preferably transparent.
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suﬂ_bstan‘utial | y undet ect abl e wheén the securi ty paper 10, or the final
docurment 11, is viewed in reflected light, and clearly visible when viewed

-in transmtted |ight. The

.over only certain regions.

]
-t
W

)

The particular adhesive emploved shculd be compatible
with the substrate material and with the pap

in the security 'paper ic. Adhesive manufacturers can
generally supply compatibilicy and suitzability information
of this type. Depending upocn the specif a

adhesive may be applied either to paver sheets 12, 16, or
to the faces of the substrate sheet 14, or to both the
paper sheets 12, 16 and the
Polyurethane based adhesives are generally preferred, and
an adhesive available from Imperial Chemical Industries Pic -
of Great Britain, and marketed undér the tradename Novacote
ADH 222 has been employed satisfactorily. " The coverage
rate of adhesive is preferably within the range of 1.5 to
3.0 grams per square meter, but consumption rates may vary
with the type of adhesive used.

The substrate indicia 18 are preferably disposed on
the substrate sheet 14 by printing. For this, a graphic
design for the indicia 18 is prepared according to an
motif desired in the final security document 11. These
indicia 18 will often comprise an image., as illuscrated in
Figs. 3 and 4, but may also include numerals, words,
symbols, or any number of these in combination. The
indicia 18 may comprise black and white indicia, or may
include a full fange of visible colors, and may cover the
entire surface of the substrate sheet 14, or may extend
where the indicia 18 on the
substrate sheet 14 are intended to cooperate with a set of
indicia 20, 22 on either of the paper sheets 12, 16,
transparent ink 1is generally preferred to define the
substrate indicia 18. As will be discussed in more detail
below, the use of transparent ink permits an cbserver
viewing the security paper 10. or the final document 11, in
transmitted light, to perceive a total image in color,
created by cooperation of the transparent color indicia 18
on the substrate sheet 14 and the set of indicia 20, 22 on

the paper sheet 12, 16.
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stability of the colors conprising the substrate indicia 18 is very good,
particdlarly where sinmilar pigments are used to print these indicia 18 as
are” enpl oyed for maki ng banknotes and other security docunents.
Because the indicia 18 are printed on the substrate sheet 14, and the
substrate indicia 18 are separated fromthe paper sheets 12, 16 by the
adhesi ve layers 28, 30 in the |lam nated security paper 10, showthrough of
the substrate indicia 18 is avoi ded. Moreover, the rate at which the
present security paper can be producelf "exceeds the production rate typical
for security papers bearing water marks. The security paper 10 offers
a nunber of additional security features as conpared with known security
papers. Due to the practlcal difficulty in printing on thin resinous filns,
and in producing very®t RFRFETRFYHBpact t§ WpeTE GRSVt i “Sect or of the
publ-ic w |l pos%ss*’ tdie wonon ertgeubsterrazghivneprya e eidéd asbove eplyecat e the:
security paper. sel#w addi irz088padcdie dd1abiddaiyi4.0 phot ahey odpoca the substrate

indicia 18 ef feglLyely pre c‘slnggﬁds qug(%.] catdegnopy__ghoggfsq)%;_zém mthe ot'her
11

hand? the total 'i rage percelved serving th“e__~ docul Q :
prodLu:ed fromt h@‘ se wnite layers serve functions. First, ctrey
increase the c¢pacity of the securizy paper 10, Cwhilse

nevertheless permitting the substrate indicia 18 to re
viewed in transmitted light. Secondly. such layers provids
an additional security feature in case the securicy paper

.10 is delaminated. While the security paper 10 is
extremely resistant to any efforts at delaminaticn, should
a  paper sheet 12, 16 ©re removed Dby ‘countergelters
attempting to copy the substrate indicia 18, the white
layers would preclude reproduction of ;he color indicia.
Any further effort to access the color indicia by removal
of the white layer would result in destruction of the color
indicia, thwarting the counterfeiting enterprise.

An important aspect of the present security paper 10
is its ability to permit verification of authenticity’by
any holder and under normal light conditions. Because the
human visible spectral range ;orrespoﬂds to light
wavelengths from about 380 to 720 nanometers, the inxs
employed for the substrate indica 18 are preferably
colored, - transparent inks, whose colors also correspond to
wavelengths within this range. '

R Other optical effects may be-obtained in-the secu}ity
- paper 10 by printing some or all of the indicia 18 with
fluorescent or phosphorescent inks, such as inks visible
under ultraviolet light only. Where ultraviolet inks are
used to form part of the substrate indicia 18, indicia
printed with such ink imay be substantially undetectable
under normal conditions, but visible under ultraviolet
light. Alternatively, selected porticns of the substrate
sheet 14 may be made opaque by the use of non-transparent
inks, such as non-transharen: white ink, or by metallizing.
for instance by vapor metal depositicn on the surface of
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sqéurify paper 10, in transmifted light within the visible spectrum
_provides a sinple and effective neans by which any hol der may verify the

authenticity of the docunent under ordinary |light conditions. Security
paper in accordance wth the foregoing description was prepared and
t est ed. Results of those tests are summarized in the follow ng four

exanples and in Table 1, along wth results of simlar tests on
comercially avail abl e security papers. Because certain of the tests nmay
have been perfornmed in accordance w th7inon- standard test nethodol ogies,
these results are provided for conparative purposes only. Mreover, as wl|
be recogni zed : i

the supstrzte sheet 14. The use of the latter techniques
is particularly useful in forming micrctext as part of che
........ 18. clearly visible in the security paper 10 cnly
e in strong transmitted light, mut substan:ially undetectable
in reflected light. Finally, the indicia 18 may
advantageously include areas printed with magnetic ink tha
serves the dual purpose o©of Zorming a part of the tota

image observed in trahsmit:ed 'light and preoviding sn
additional security feature detectible by magnetically

- sensitive detection devices ¢f the type generaliy known in
the art. )

The design of the substrate indicia 18 in the security
paper 10 permits a great degree of flexibility in the
design of the security feature that the final document 11
will incorporate by virtue of the total image mentioned
above. For example, the indicia 18 may present areas that
resemble watermarks in the final document, but in any
visible color or any combination of colors. Alternatively,
color indicia 18 may add color deta&l to a set of indicia
20, 22 provided on one or both outer faces 24, 26 of the
paper sheets 12, 16 when viewed in transmitted light. In
such cases, at least portions of the surface indicia 20, 22
may also be printed with transparent inks. As will be
discussed in greater detail below, where transparent inks
are used in both the substrate indicia 18 and surface

- ~indicia 20, 22, the color of the substrate indicia 18 will
dominate in the total image when viewed in strong
transmitted light, whereas the color of the surface indicia
20, 22 alone will be visible when the final document 11 is
viewed in reflected 1light. This is true even where
substantially opaque layers are disposed adjacent the color
regions, as has been described. Portions of the surface
indicia 20, 22 may become substantially invisible when
viewed in transmitted light, due to the dominance of the
substrate indicia 18. Similarly, substrate indicia 18 in
transparent colors may procvide a colored background, such
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by those skilled in the art, the results of such tests may not al ways be
reprodUC|bIe as between testlng machi nes and | aboratori es. Tests on
the physical and optical properties of the papers was performed in an

at nosphere of 50 to 51% humidity and at a tenperature of between 22.5 and
23[err] C Snoot hness was tested in accordance with the Bekk nethod on
equi prent manufactured by Karl Frank GrbH of Germany, and is reported in
seconds (sec). The Bekk nethod is summarized in test specification nunber T
479 om 86 of .the Technical Associatiori"of Pulp and Paper |ndustry (TAPPI).

as a rainbow Cr color ccrpcrate logo, against which surface

printed indiciz 20, 22, aprear when viewed in transmictted

light. For instance, surface indicia 20, 22 may be line

e : art cor printed werds, such as a company name, not

necessarily c¢ ing substrzce indicia 18. As will teccme

apparent chrcugh the following discussion, although

disposed on c¢nly one face of the substrate 14, the

substrate indicia 18 may register and cocperate with

surface indicia 20, 22 on sither of the paper sheets 12,
16, or on both paper sheets. )

Figs. 1 and 2 illustrate in greater detail the
operation of the various layers of the security paper i0
under reflected and transmitted light regimes. As shown in
Figs. 1 and 2, the laminated security paper 10 includes a
substrate layer 14, a layer of indicia 18 disposed on one
of the faces of the substrate layer 14, a first paper layer
12 permanently fixed over the layer of indicia 18, and a
second paper layer 16 permanently fixed over thé other face
of the substrate layer 14. Adhesive layers 28, 30 serve to
bind the substrate layer 14 to the paper layers 12, 16. As
described above, in the final docﬁmenc 11 incorporating the
security paper 10, surface indicia 20, 22 are printed on
the exposed surface 24, 26 of éither or both of the paper
layers 12, 16.

Light, such as white light including components of

. .Wwavelengths between about 380 and 720 nanometers, incident
on the security paper 10 is either transmitted thrzsugh the
paper, absorbed by the paper, or reflected. As represented
by the line 32 in Fig. 2, transmitted light passes through
all layers of the security paper 10 and emerges from the
surface 24 of the paper opposite the'surface 26 through
which the light entered. Absorbed light, represented by
the line 34 in Fig. 2, penetrates into the security paper
10, but is dispersed and absorbed by the paper fibers, and
by any pigments and fille*s included in the paper =to
increase opacity. Reflected light, represented in Fig. 2
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Rigidity was tested on a Buchel stiffness tester, and results are reported
inmllFinewtons (nN) of force. Breaki ng strength was tested in
accordance with the Miull en test nethod on equi pnent manufactured by Karl
Frank GrbH. ‘The Mullen test nethod is summarized in test

speci fication nunber T 403 om 85 of the TAPPI. Results are reported in

kil opascal s (k?a). Tearing strength was tested in accordance with the
El mendorf method on equi prrent manufactured by Lorentzen- Wettre of Sweden
on paper sanples -neasuring 65 X 8@millinmeters. The El mendorf nethod is
summari zed in test specification nunber T 414 om 88 of the TAPPI. Results
are reported in decanewt ons (daN). . OQpacity-was tested on an Elrepho
Dat acol or 200 test machine, and results are reported in percent (9.

Final ly, the avervage=niimke?s oficdauisiterdpiidzcanas-deter reqdcuseargrequi pnent
manuf act ured by #ar bufrapkutadidronidid aursetghts 6f chekbherongds fesults are
reported in the pymbeg. of doulle;iolds helorelaregking

- In the security paper 10 as illustrated i

8}
]
o
S
o8]
[\
3

observer situated on the same side of the Dapé* &8s a lighc
sourcs (not shown) from which the lines

wl
¥}
W,
w B
w
M ¢ )]
=
IJ
[1e]
o)
ot

originate, perceives only the reflected light
an ciserver cn the opposite side of the security paper 10
from che lignt source sees transmitted light 32. Because
absorced light 34 is effectively trapped in the layers of
the security paper 10, it is fiot perceived by either
observer. Due to the high opacity of the paper layers 12,
16 in the present security paper 10, virtually all 1light
penetrating into the security paper 10 is either
transmitted through the layers of the security paper 10, or
absorbed in the paper layers 12, 16. Because practically
no light reflects from the substrate indicia 18, the
indicia 18 remain virtually imperceptible to an cbserver
examining the security paper 10 in reflected light, and
photoreproduction of the substrate indicia 18 of the
quality required for counterfeiting is impossible.

The cooperation among the substrate indicia 18 and the
surface indicia 20, 22 in transmitted lighc-is illustrated
in Fig. 1 and may be summarized as follows. Some amount of
the '1light 38 incident on the security paper 10 penetrates

- .into the paper through the surface 26 and is transmitted
through the paper layer 16, the adhesive layer 30, and the
substrate layer 14 to impact the substrate indicia 18.
Regions 40, 42, 44, 46, 48 of transparent color in the
substrate indicia 18, whose color preferably corresponds to
the visible spectral colors having wavelengths of between
about 380 and 720 nanometers, absorb certain frequencies of
the transmitted 1light depending upon the color of
transparent ink applied to the region, and transmit the
remainder of the light. This colored light. represented in
Fig. 1 by the shaded areas. is then transmitted through the

S
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EXAMPLE 1

m crons thick, available

w

adhesive layer 238 and the paper layer .2, and ererges Zrzon
the surface 24 c¢f .the security paper -3.

Where the surface indicia 20 comrrise no transparentz,
color indicia, the light emerging frco the security paper
10 is of substantially the same color zs the region 40, 42,
44, 46, 48 of the substrate indicia -3 through which the
light passed. In areas of the surfacs indicia 20 covered
by transparant colored ink, the color of the tTransmizted
light'emgrging from the paper 1is primarily cthat of che

. substrate regions underlying those areas. The total izage
cbserved emerging frcm the security'paper 10 in transmitted
light is, therefore, a combination of the image created by
the substrate indicia 18 and the surface indicia 20. The
stronger. the transmitted light 38 incident on the security
paper 10, the more the image cfeated by the substrate
indicia 18 will tend to dominate over the image created by
the surface indicia 20.

- Fig. 1 also illustrates how other optical effects may
be incorporated into the security paper 10. In lieu of
trapsparent ink, the substrate indicia 18 may comprise
regions 54 made opaque by metallizing or by printing-with
non-transparent ink. such regions 54 will, of course.
effectively stop all transmitted light and thus produce
dark regions in the total imége perceived. Alternatively,
the substrate 14 may be perforated in certain regions 56.

- ~8uch perforations will become filled with adhesive during

the lamination of the various layers of the security paper
10. Because the adhesive is preferably transparent, such
perforated regions 56, will transmit 1light without
alteration.

Examples of these cooperative effects are illustrated
in Figs. 3 and 4. In Fig. 3, line art comprising the
numeral "1" surrcunded by a circle (depicted by dashgd
lines 60) is shown as it might be printed in a lower corner
of the outer surface 26 of the paper sheet 16, with a
similar encircled numeral "1" being printed in an upper

X : A portrait of ahistorical figure was used for the notif of a
col.or rark in the formof a line drawing. A polyester substrate sheet,

12
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under t-he tradename Yuborlen, was given a corona treatnment on both sides,
and the color mark and a color test spectrumwere printed in four basic
~colors by rotogravure printing. Paper sheets, nade of cotton fibers and
havi ng a basis weight of 32 g/nferr], were | anm nated successively on each
side of the substrate sheet using pol yurethane based adhesive commercially
avai |l abl e under the tradenane Novacote ACH 222 fromICl of Geat Britain.
EXAMPLE 2 A color icon was col or_separated and printed in four colors
on the sane type of polyester substrat® as in exanple 1. Paper nade of henp
fiber; wth a basis weight of 30 g/nferr], was |amnated to both sides of

the substrate sheet as in the previous-exanple. EXAMPLE 3 The
portrait of the historical figure and the i con of _
er of tThe same suriace 26. Colored regicns 62 (cnl
one such region shown in Fig. 3) on the substrate sheet 14
are positicned tTo register with and tTo overii the
encircled numeral on the paper surface 26. In this

arrangement, an observer viewing the cut
the final document 11 in reflected :ight would perceive
only the surface indicia 22, 60. when the same document li
is viewed from the same side, but with a light scurce
located con the opposite side of the document from tne
_ Observer, the total image perceived by the observer would
include the line art 60, colored by the colored regions 62
on the substrate

A similar arrangement is depicted in Fig. 3 for
substrate indicia 18 representing a building and landscape
64. An image 66 printe§ on the outer surface 24 of the
paper sheet 12 may include line art and transparent ink
covering some or all of the surface of the image 64. As in
the previous example, an observer viewing the document 11
in refleéted light would perceive only the image 66 as it
appears on the surface 24 of the paper sheet 12, and in the
colors printed on the surface 24. Viewing the document 11
in transmitted light, however, the observer would perceive
a total image made up of the surface image 66 combined with
-the substrate image 64. Generally, the greater the
intensity of the light dséd to view the document 11 in the
mt;ransmitteé light 're-gime, the more the substrate image 64
will dominate in the total image perceived by the observer.
Where desired, the surface indicia may even Dbecome
substantially invisible when the document is viewed in
transmitted light, due to the dominance of the substrate
image 64 in the total image. '

Another example of the cooperative effects of the
substrate indicia 18 and the surface indicia 20, 22 is
illustrated in Fig. 4. As mentioned above, the design and
placement of the substrate indicia 18 need not be identical
to the design and placement cf the surface indicia 20, 22.
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t he prévious two exanples were printed by five

col or rotogravure

printing on the sanme type of substrate used in the previous exanpl es.

Paper conprising cotton fibers and wood cel | ul ose,

and havi ng a basis

wei ght of 35 g/nferr], were lam nated to both sides of the substrate sheet
usi ng .t he pol.yuret hane adhesi ve of the previous exanpl es. EXAMPLE 4

For this exanple, a polyester film 12 m<crons thick and with a basis

wei ght of 16.9 g/nferr],. available under the tradename Mylar, was used. A
nul ticol or, sem hue ornanent with a si®dgle color text in red, blue and

bl ack, and a single color continuous ornanent of white, opaque ink, simlar
to a water mark, were printed the filmby rotogravure printing. The
printed substrate filmwas |am nated with paper sheets having a basis

wei ght of 3.6 g/ &PY? EndiZorfsi 3t5GYTHTY FSIUEEt LRAPTPPEETRE &ACFE25% wood
cel l ul ose, usi ngsddevracot eadH 2P2mavihesnsistasinbef ofghosting” effect

4 S
nas

uced Dby The substrate indicia £8

when viewed in

transmicted light. 1In such cases, the surface indiciz 20,
22 need not include line art or other indicia specifizaliy
"colored" by the substrate indicia 18 in the total :image.
The preferred method for making the security pager i0

will now pbe described. Because the substrate indicia 1§
form a total image in combination with the surface indicia
20, 22 disposed on the security paper 10 in the Zinal
document 11, the process for manufacturing the security
paper 10 generally bggins with the graphic design of all
indicia 18, 20, 22 to be printed on the substrate sheet 14
and paper sheets 12, 16. Alternatively, the graphic design
for the substrate indicia 18 may be prepared independently
of the surface indicia 20, 22, particularly where a
standard paper is used by an 1issuer for a number of
different final documents. In either case, the graphic
”design for the substrate indicia 18 may be prepared by an

artist-designer based on any color picture or motif, and

“ may incorporate a full range of visible colors and details.

In developing the graphic design, the designer may specify .

that the design be precisely placed in the security paper
10, or continuously or repetitively printed on the
substrate 14. As has been described above, the graphic

. .. design for'the substrate indicia 18 may include areas of

color over which surface indicia 20, 22, including text,
will be printed in the final documept 11.

In addition to color marks and images, the graphic

désigner may include in the substrate indicia 18 regicns of
microtext, - portraits or words resembling water marks
printed in non-transparent or transparent white ink, and
designations printed in fluorescent, phosphorescent, or
.magnetic ink. Moreover, the design may include
perforations in the substrate sheet 14 designed to permi
transmitted light to pass unaltered. Metallized regions

¢t
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-29- - As the figures in Table 1 indicate, the security paper
pfoducéd in the exanpl es exhi bits physical and optical properties
conmparable to, or exceeding conmercially available security papers.
In particular,-the present security papéer has excellent strength and
durability

-23-°

ma&y also be prcvided in the design te render tThe substrats
sheet i4 cpague.

Tre grapniic design is prccessed in order To convert it
to a printabls form. This is preferably accomplished bty
electreonic color separatica. A number of suitable color
separétion devices are kncwn, including laser znalyzers angd
scanners. Such devices transform the design into pixels,
or an array oI ninute pcints, containing primary'colors.
The color separation devices also determine the intensicy
of the coloration of the pixels, and encode and stere the
image thus analyzed.

Once the color separation is complete, printing plates
or cylinders are prepared for printing the substrate
indicia 18 onto one face of the substrate sheet 14. The
preferred printing process is rotogravure reproduction.
The electronic color separation device is preferably used
either for direct cylinder engraving, 6r for_controlling
the exposure tim?,of photosensitive material in an indirect
process for chemically engraving a rotogravure cylinder.
Color synthesis. in the printed substrate indicia 18 is
accomplished by ﬁeans.of separate rotogravure cylinders for
each transparent color, and for any non-transparent or
magnetic inks called for in the graphic design. The
engraving depth on the rotogravure cylinder is typically in
a range of from 3 to 32 microns.

e Prior to printing the substrate indicia 18 on-;he
substrate sheet 14, the substrate sheet is preferably given
a Corona electric discharge, treatment to improve the
adherence of the ink to the substrate sheet 14. Corona
treatment has also been found to enhance the adherence of
the paper sheets 12, 16 that will be laminated on the:
substrate sheet 14 later in the manufacturing process.
This Corona treatment may be carried out in any suitable
apparatus readily available commercially for treating thin
films, such as treaters available from Sherman Treaters

North America Inc.
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char a_éi eristics, including a greatly enhanced
i*ndi ci‘a printed on the substrate

reflected |ight and no showthrough i s apparent.

f ol di ng endur ance. The

I s substantially undetectabl e under

When viewed in

transmtted li.ght within the visible spectrum the substrate indicia are

clearly visible.

- 30-
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Cpticnally, the substrate sheet 14 may te metallized

th
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cr perforated prior to printing, i
grapnhic design of the substrate

tachniques are preferred for metallizing, and
all cor.a portion of the substrate sheet 14 may be exposed

uch deposition. Perforation of the substrate sheet 14

ct
Q
n
[

may te used to form text, specific designs, or dotted

coentours to provide an added security feature.
cerforation is generally carried out cn special perforatin
machines having needles, typically 0.8 to 1.0 millimeters
in diameter, that pierce the substrate sheet 14. Where a
perforated pattern is designed to cooperate with a printed
or metallized sheet 14, thé

perforating step is preferably carried out after completicn

area on the substrate

of the printing and metalliziqg steps. Such perforation
may be carried out on any suitable machine, such as
machines available commercially from Zimmermann & Co. of
Berlin, Germany. : ,

The substrate sheet 14 is then printed with the
substrate indicia 18, allowing sufficient time between
printing stages to allow inks to dfy. For printing, as for
the other conversion steps in the preparation of the
the.'substrate sheets 14 preferably

Processing

security paper 10,
processed. from a roll of resinous film or foil.
the substrate material in roll form facilitates the

“printing and lamination steps, and permits the process to
" pe carried out in production quantities and at a reasonable

cost.

The printed substrate sheet 14 is next laminated
between two paper sheets 12, 16 to form the security paper
10. In a presently preferred arrangement for laminating
the security paper 10, lamination is accomplished in a
laminating station consisting of a laminating machine of
the type generally known, and a tunnel-type adhesive curing
commercially

section. Such laminating machines are

available from a number of manufacturers., such as Cerruti
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ol Italy. To form the laminate, two sheets of thin, higr

-

ed into the laminatin staticn,

th

opacity paper are
preferably from continuous reclls, and the printed substrate
sheet 14 is fed into the staticon between the paper sheets.
Adhesive is continuously applied to either the faces of the
substrate sheet, or to the surfaces of fhe paper sheets
facing the substrate sheet depending upon the adhesive
employed, and the sheets are pressed by nip rolls to form
a laminate. The laminate proceeds through the curing
section where the adhesive is cured to permanently bond the
laminated layers. The precise design of the curing section
depends upon the adhesive employed, and the curing
conditions recommended by the adhesive manufacturer..

 The security paper, exiting from the laminating
station as a continuous sheet, may be rolled for 1later
cutting into sheets, or may be sheeted directly as it is
produced. Any suitable sheeting device may be emploved for
this, such as a Pasaban sheeter. The format set on the
sheeter will depend upon specifications set by the end user
of the security paper 10, and ultimately upon the size of
the document to be made from the security paper. :

After sheeting, counting and quality control
operations may be performéd; and the surface indicia 20, 22
may be printed on one or both sides of the security paper-
10. The security paper 10 is suitable for intaglio
printing, qgnerally preferred for such documents as
" panknotes, as well as for multicolor offset pfinting.
Where registration between the substrate indicia 18 and the
surface indicia 20, 22 is desired, registration marks are
preferably incorporated in the substrate indicia 18, and
printing on the security paper 10 1is registered in
generally the same manner as for known water marks.

The foregoing method has been found to produce high
quality security paper with physical and optical properties
generally comparable to cor 'aurpassing those of known
security papers. The substrate indicia 18 are
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[err] - - 31 CLAIM 1
A’secufity paper conprising: a resinous substrate sheet having two faces; '
transparent indicia disposed on one of said faces of said resinous

substrate sheet; and a first and a second paper sheet, said first
paper .sheet being permanently |am nated on

1
[\¥)
(&)

]

supstantialliy undetectable when the security paper 19, zr

the £final deccument 11, is viewed in reflectedll
clearly visible when viewcd in transmitted light. ine
stabilivy cf the colors comprising the substrate indicia 13

is very good, particularly where similar pigments are used

tc print these indicia 18 as are employed £for making
banknotes and other security documents. . Because cthe
indicia 18 are printed on the substrate sheet 14, and che
substrate indicia 18 are separated from the paper sheets
12, 16 by the adhesive layers 28, 30 in the laminated
security paper 10, show-thrcugh of the substrate indicia 18

is avoided. Moreover, the rate at which the present
security paper can be produced exceeds the production rate
typical for security papers bearing water marks.

The security paper 10 offers a number of additional
security features as compared with known security papers.
Due to the practical difficulty in pfinting cn thin
resinous films, and in producing very thin, high opacity
pépers. only a tiny sector of the public will possess the - '
knowledée and machinery needed to replicate the security
paper. In addition, the inability to photoreproduce cthe
substrate indicia 18 effectively precludes duplication by
photocopying. On the other hand, the'total imaée perceived
by observing the final document 11, produced from the
security paper 10, in transmitted light within the visible

_spectrum, provides a simple and effective means by which
'any holder may verify the authenticity of the document
under ordinary light conditions.

Security paper in accordance w1th the <£foregoing
description was prepared and tested. Results of those
tests are summarized in the following four .examples and in
Table 1, along with results of similar tests on
commercially available security papers. Because certain of
the tests may have been performed in accordance with non--
standard test methodologies, these results are previded for
comparative purposes only. Moreover, as will be recognized
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one . of said faces of said resinous substrate sheet, and said second paper
sheet ‘bei ng permanently | am nated on the other of said faces of said

resi nous substrate sheet, whereby said indicia are substantially

undet ect abl e when viewed in reflected |ight and are apparent through said
paper. sheets when viewed in transmtted light. 2 The security paper as
set forth in claiml, wherein said paper sheets are permanentl.y | am nated
on each of said faces of said substrate sheet by neans of an adhesive. 8-
The security paper as set forth in ct&m1, wherein said indicia include at
| east one color region, the color of said region corresponding to a

wavel ength of light of from380 to 720 nanoneters. 4 The security paper
as set forth in claim3 further conprising a first layer of substantially
opaque i nk di sp@¥ethasederilsgiddii nde ciza. aste deseconds | sypar ceftssudast antial |y
opaque i nk di spesediones sAirdpididctbe 25 betwdéte 2@ECikd ticPEREr a®$ set forth
in claiml, whergipn a-pogdion of said resi nous subst rate sheet is
netallized. 6 The, s%curlt_y_‘ paF as se f in claiml1, wherein a
portion of said resinous SUbstrArL sheet™ § per?br‘at "8“7e O THE® security
paper as set foPPRSTSWEF e aimerutt ﬁér"f@’eﬁﬁ?qrﬁ Ag 3% e? cttdxduTdrisposed: on

sai d resi nous sabdtatabetgheehru® of Jhweese . btyndaper. as set forth in
claim1l1, wherein saidghkobbidsisa va5€ -RE{dH 66 WrcsakshdeeSi:RQUTAsUBSLE at e sheet

W th transpar ent_LeLtt;g_lgJI nc,__Pge&e%(_l_gg,tggggrD@s<§p,t .f,%rt thﬂ cLal m 8,
wher ei n at Ieast a portion.o
Germany, and is reported in seconds (sec). The Bekk method

is summarized in test specification numnber T 479 om-36 of
the Technical Associaticn of Pulp and Paper Industry
(TAPPI).

Rigidity was tested on a Blchel stiffness tester, and
results are reported in millinewtons (mN) of force.

Breaking strength was tested in accordance with the
Mullen test method on equipment manufactured by Karl Frank
GmbH. The Mullen test method is summarized in test
specification number T 403 om-85 of the TAPPI. Results are
reported in kilopascals (k’a)

Tearing strength was tested in accordance with the
Elmendorf method on equloment manufactured by Lorentzen-
Wettre of Sweden on paper samples measuring 65 X 80
millimeters. The Elmendeorf method is summarized_in test
specification number T 414 om-88 of the TAPPI. Results are
reported in decanewtons (daN).

- Opacity-was tested on an Elrepho Datacolor 200 test
machine, and results are reported in percent (%).

Finally, the average number of double folds was
determined using equipment manufactured by Karl Frank GmbH,
with a weight of 1 kilopcnd. Results are reported in the
number of double folds before breaking. '

EXAMPLE 1

A portrait of a historical figure was used for the
motif of a color mark in the form of a line drawing. A
polyester substrate shee:z, 12 microns thick, available
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printed in color. 10 The security paper as set forth in claim1, wherein at
| east a portion of said indiciais printed on said resinous substrate sheet
wi tth fluorescent ink. 11 The security paper as set forth in claiml,
wherein at |east a portion of said indicia is printed on said resinous
substrate sheet in ultraviolet ink, said portion of said indicia being
substantially undetectable under light within the visible spectrum and
vi si bl e when viewed under ultraviolet light. 12 The security paper as set
forth in claiml, wherein at |least a portion of said indicia is printed on
sai d. resi nous substrate sheet wi th phosphorescent ink.
32 13 The security paper as set forth in.claiml, wherein said resinous
substrate sheet conprises a resinous material selected fromthe group
consi sting of pol)e’t ére FEPPIFpYHRMHE 2Andagey I\ iPhangerona treatment

on coth sides, and the colcr mark and a2 color test spectrum

were printed in four basic colors by rotogravure prianting.

Paper sheets, made of cotton fibers and having a basis

weight of 32 g/m?, were laminated successively on each side

of the substrate sheet using polyurezthane based adhesive

commercially available under the tradename Ncocvacoté AEH 222

from ICI of Great Britain.

EXAMPLE 2

A color icon was color separated and printed in four
colors on the same type of polyester substrate as in
example 1. Paper made of hemp fiber, with a basis weight
of 30 g/m?, was laminated to both sides of the substrate
sheet as in the previous example.

EXAMRLE 3

The portrait of the historical figure and the-icon of
thel previous two examples were printed by £five color
rotogravure printing on the same type of substrate used in
the:previous examples. Paper comprising cotton fibers and
wood cellulose, and having a basis weight of 35 g/m?, were
laminated to both sides of the substrate sheet using the
polyurethane adhesive of the previous examples.

_.EXAMPLE 4 -

' For this example, a polyester film, 12 microns thick
and with a basis weight of 16.9 g/m?*, available under the
tradename Mylar, was used. A multicolor, semihue ornament
with a single color text in red, blue and black, and a
single color continuous ornament of white, opaque ink,
similar to a water mark, were printed the film by
rotogravure printing. The printed substrate film was
laminated with paper sheets having a basis weight of 36
g/m? .and consisting of 75% cotton £fibers and 25% wood
cellulose, using Novacote ADH 222 adhesive as before.
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14 The security paper as set forth in claim1, wherein said resinous
sStbstrate sheet has a basis weight included in a range from11.0 to 22.5
grans per square neter inclusive. 15 The security paper as set forth in
claim1l1, wherein each of said paper sheets has a basis weight included in a
range from19 to 50 grans per square neter inclusive, a thickness included
in arange from0.038 to 0.050 mlIlimeters inclusive, and an opacity
included in a range from75 to 85 pergent inclusive. 16 The security
paper as set forth in claiml, wher il each of said paper sheets conprises
fibrous material selected fromthe group consisting of wood fibers, cotton
fibers, flax fibers, and henp fibers. -17 . A lam nated security paper

conpri si ng: a resinous substrate |ayer having a first face and a
second face; A5 bre itnBTESathritRted PSArS fFPseFatY 8PP%ai d
substrat e | ayer pupddredr dnspgideesrapples sxhdbidsl grysheRlciard melkbekng at | east
one region havi pgcsexaksr ecodaesponditeg tor a axmaeelengt koaofedcighty of from
380 to 720 nanogBhifie securikyl idapbrd ayetn obapdhasive diesprsgd.on said
first face of said s.t{bstggteg I@/Seréxgeqqg Saig rec__glt%r é‘_‘g‘dl Gl &1 o a second
| ayer of adhesi VESHISFos¥n &5 q°XEcond f 466~ of "sajd substrat & | ayer;

a first |ayer ofpEIEerifSFdsedGHERIRG| 8 FRIEIAIRRRINFEY ayPefiEhd fi xed
permanent|ly to saddrawgbst r allee | apéicianderdaced cohorthiendivbsarang s d first
adhesi ve | ayer; s@Bgkantiallyd REOEckdA¥Eun@dr paIeectisNagad exerasai d second
adhesive |ayer aqngd,fix80,PeLNBRRRLLY. tRhedolfhwaUbst kbl 2YES 1y sai d second

adhesi ve | ayer. - e
y within the visible spectrum, the substrate indicia are

clearly visible.
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18 _The |l am nated security paper as set forth in claim17, further
conprising a first white layer disposed under said color indicia, and a
second white | ayer disposed over said color indicia. 19 The | am nat ed
security paper as set forth in claim17, wherein said resinous substrate

| ayer has a basis weight included in a range from11.0 to 22.5 grans per
square neter inclusive, and wherein each of said paper |ayers has a basis
wei ght included in a range from 19 to 50 grans per square meter inclusive,
a thickness included in a range from®®@38 to 0.050 mllinmeters inclusive,
and -an opacity included in a range from 75 to 85 percent inclusive. 20
The | am nated security paper as set forth iin claim 17, wherein at |east a
portion of said color indicia is printed on said resinous substrate |ayer

with fluorescent inlf. 2 Tme T ai nat fd_gecul1ty paperjas spt forth in
claim 17, wherein aff Ieast ajportion of sgid golor|indigig i printed on
sai d resi nous subst e Iageﬂ WEt h phokphqgrescert | nks S
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33 22 A securlty docunent conpri si ng: a resinous substrate sheet
‘havi rg ton'mml, "m I,u”mnsparent i ndi ci a di sposed on one of said faces
of said re sheet a first and a second paper sheets,
each of said paper dhedt s*having an inner face and an outer face, one of
sai d paper sheets being permanently | angdnated on a respective face of said
resinous substrate sheet by means of an adhesive applied between said
respective face of said substrate sheet and said inner face of each of said
paper sh€sAdMXnd a set of indicia printed on at |east one of said

out.er faces of said paper sheets, whereby said transparent indicia on said

substrat gns cQoperate wth sald set of indiciato forma total imge
when vi efed PSRN ARPER CMPIHPE:. 23  The security docunent as set forth
in cl ai m Zésinotls substiatashdeehdtin@twefacenn of said indicia printed on said

Ch L r anciiieri PR R0 KA oRSHIAR Goei e Roinbos Bbef? hefh bl m oo,
wher ei n sai da $iest apfl 2 sedons] papdr shaest sdidotirst papgr sheet being qermaneulydamineed sheet
isinr e&'lé&i%al aths | ; Cefk%o% %gﬁﬁfi‘rgfeaﬁl]ﬂets HH&EJI&%@CO?IB?%PCI ﬁé beil secur ity

docunent as set conpr|5|ng TS

subst ant PEMapeRhy tefk o ithe,etheriof saikiacespfald resinoHs é‘FﬁStl‘ﬁF?cﬁb@?é Véhﬁdebi/
second | gi¢indidia &ttbﬁib@tahtlﬂl}} dndepstibie Whin ﬁewe@sxeﬁhf&ma 150k dnd GeSiPARSRL

705 i SRR g il 5oL 2

The security paper as set forth in claim 1, wherein said paper sheets are permanently

laminated on each of said faces of said substrate sheet by means of an adhesive.

3 The security paper as set forth in claim 1, wherein said indicia include at least one

color region, the color of said region corresponding to a wavelength of light of from 380 to

720 nanometers.

4  The security paper as set forth in claim 3 further comprising a first layer of

substantially opaque ink disposed under said indicia and a second layer of substantially

opaque ink disposed over said indicia.

5  The security paper as set forth in claim 1, wherein a portion of said resinous substrate

sheet is metallized. _ _ |

6  The security paper as set forth in claim 1, wherein a portion of said resinous substrate

sheet is perforated.

7  The security paper as set forth in claim 1, further comprising microtext disposed on

said resinous substrate sheet.

8 The security paper as set forth in claim 1, wherein said indicia are printed on said

resinous substrate sheet with transparent ink.

9  The security paper as set forth in claim 8, wherein at least a portion of said indicia is

printed in color. :

10  The security paper as set forth in claim 1 wherein at least a portion of said indicia is

printed on said resinous substrate sheet with fluorescent ink.

11  The security paper as set forth in claim 1, wherein at least a portion of said indicia is

printed on said resinous substrate sheet in ultraviolet ink, said portion of said indicia being

substantially undetectable under light within the visible spectrum and visible when viewed

under ultraviolet light. )

12 The security paper as set forth in claim 1, wherein at least a portion of said indicia is

printed on said resinous substrate sheet with phosphorescent ink.
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27 “The Security document as set forth in claim22, wherein said resinous

‘Substrate s ygpwei ght included in a range from11.0 to 22.5
grans per Smﬁlumm@mﬂm"m ve, and wherein each of said paper sheets has
a basis wei ght ¢nctu sin*a range from19.0 to 50.0 grans per square neter
i nclusive and a thickness included in a32ange fromO0.038 to 0.050

MIVETetE S THESHBHYP park? as TORAGH Clalnt 1IUHER SailTesifbud Qlbkaeinedial M 2.
erein said transpar indlcia include’at east one col or region, the
col or of CURRIISES AJETRORLMAERbfCHRY fremdheaxpupcopsipting of pefiester, from 380 to
720 nanopaiysiopyled® andl eeldsphdhé.t y document as set forth in claim?22, wherein
a porti Jy of aisd r.esi nous subot q}le sheet | S .meti 1 éizeﬁj' %OuThe security
docurrent s BBF S8 bReT 2 354050 T Sl d, wwhereit st greifpus sbgtrae Shig s »
subst r atasishweight incheled in atrenge fsdm 11T 225 grams petostquarenmetes iscdtsivarth in
e 20 VA BEETpEh o8 Ge RER S, GRGH o Gl TS, PR 1
i ndi ci a basis Weisht inglusied dnp dapgsshromud 19 70 arams pessamate eten ipelusi¥pag ent i nk.
33 A niidkadss ipEluded if & edrigel fishn ®.0330010.030 BaRfiete?d Mihisie) Gnll AR opabip of
defini ng,a 4L 200k SafeStrd 750 %R Sreent inclusive. | i
16  The security paper as set forth in claim 1, wherein each of said paper sheets
comprises fibrous material selected from the group consisting of wood fibers, cotton fibers,
flax fibers, and hemp fibers. '
17 A laminated security paper comprising:
a resinous substrate layer having a first face and a second face;
color indicia printed on said first face of said substrate layer with transparent ink, said
color indicia including at least one region having a color corresponding to a wavelength of
light of from 380 to 720 nanometres;
a first layer of adhesive disposed on said first face of said substrate layer, over said
color indicia;
a second layer of adhesive disposed on said second face of said substrate layer;
a first layer of paper disposed over said first adhesive layer and fixed permanently to
said substrate layer and said color indicia by said first adhesive layer; and
a second layer of paper disposed over said second adhesive layer and fixed
permanently to said substrate layer by said second adhesive layer.
18 The laminated security paper as set forth in claim 17, further comprising a first white
layer disposed under said color indicia, and a second white layer disposed over said color
indicia. _ ' '
" 19 The laminated security paper as set forth in claim 17, wherein said resinous substrate
layer has a basis weight included in a range from 11.0 to 22.5 grams per square meter
inclusive, and wherein each of said paper layers has a basis weight included in a range from
19 to 50 grams per square meter inclusive, a thickness included in a range from 0.038 to
0.050 millimeters inclusive, and an opacity included in a range from 75 to 85 percent
inclusive.
20 The laminated security paper as set forth in claim 17, wherein at least a portion of
said color indicia is printed on said resinous substrate layer with fluorescent ink. |
21 The laminated security paper as set forth in claim 17, wherein at least a portion of
said color indicia is pfinted on said resinous substrate layer with phosphorescent ink.
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34» r aphi c de5|gn on a resinous substrate sheet as a
"subst‘ anti al ”"I'!I Mm | or image; and, permanently |am nating said

printed substrad e s en two paper sheet s by neans of an adhesi ve.
34 The method as set forth in claim33, conprising the further step of
metallizing a portion of said resinous S8bstrate sheet prior to said

| am nati By StePecydipy docibenibiapHsifis: set forth in claim33, conprising the
further step o?e perforating sal d ém nous substrate sheet prior to said

| ami nati ng staefﬁsm?,‘é)$ Subtﬁéteﬁb%qt&avas tyafagesr th in claim 33, conprising the
furt he(r]I Ist eptﬁhswemtmm@madlcpdsé@bﬂnhe ﬁﬂ%aﬁ@faieé ef ]lcsaﬁﬂltﬁmﬁ@ﬁ%%lub@&ﬁg gh&et prior
to said |amn e et as ,set th.n. clam erein
Lo Tonet o mditshehe fhiond baner e eadR e S0 Bhber bt salipk ALigt e

subst r at en outertfacd, tome folf said gapemnsheets Ibcmga)erma'rltmtlgﬂammmsom atresfpecm\ke faoe of ai m
33, wher e réﬁhguﬁélﬁ:@f}ht‘é sﬂé‘ét't@r}néﬁls Shn%%es% a'?ﬁ)h d 'i)‘ét%é%ﬂ or ! Eﬁéch% hcaheet

byarotoravure printing (g as_set am33
ap

further ©bsdisEbsEateshgsdans said imer face|of wach of said paper sheets; and

a set of indicia printed on at least one of said outer faces of said paper sheets,
whereby said transparent indicia on said substrate sheet cooperate with said set of indicia to

form a total image when viewed in transmitted light.
23  The security document as set forth in claim 22, wherein at least a portion of said
indicia printed on said outer face of said paper sheet become substantially invisible when
viewed in transmitted light.
24  The security document as set forth in claim 22, wherein said set of indicia disposed
on said outer face of said paper sheet is in register with said indicia on said substrate sheet.
25 The security document as set forth in claim 22 further comprising a first layer of -
substantially opaque ink disposed under said transparent indicia and a second layer of
substantially opaque ink disposed over said transparent indicia. |
26 The security document as set forth in claim 22, wherein each of said paper sheets has
an opacity of from 75 to 85 inclusive. : ! !
27 The security document as set forth in claim 22, wherein said resinous substrate sheet
has a basis weight included in a range from 11.0 to 22.5 grams per square meter inclusive,
and wherein each of said paper sheets has a basis weight included in a range from 19.0 to
50.0 grams per square meter inclusive and a thickness included in a range from 0.038 to
0.050 millimeters inclusive.
28 the security document as set forth in claim 22, wherein said transparent indicia
include at least one color region, the color of said region corresponding to a wavelength of
light of from 380 to 720 nanometers.
29 The security document as set forth in claim 22, wherein a portion of said resinous
substrate sheet is metallized.
30 The security document as set forth in claim 22, wherein a portion of said resinous
substrate sheet is perforated. '
31 The security document as set forth in claim 22, further comprising microtext disposed
on said resinous substrate sheet.
32  The security document as set forth in claim 22, wherein said indicia are printed on
said resinous substrate sheet with transparent ink.
33 A method for manufacturing a security paper comprising the steps of:

- defining a graphic design in color;
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suQstantlaIIy opaTue i nk under said graphic design and di sposing a second

1a§y§ret ”mmﬂnmm ﬂ"um paque i nk over said graphic design. 40 The net hod

wherein at | east a portion of said graphic design
is printéd 6n Sai substrate sheet with phosphorescent ink. 41 A et hod
for manufacturing a security docunment c8#prising the steps of:

defining a gf L. ringi aid gn a
Fesi nous. qubeRRupE A Bdbhic Sesidh $L rosinous sBbble SReP R sisiefy i oAtert
per manenedlgr imageandng said printed substrate sheet between two paper
sheets byesRaRALP iarﬁ‘iﬁa S84 }Sﬁntearﬂbstrate sheBY betvbdPtvio V\E?er%ﬁeét@g& Theén® Bfan

outer surface Qf at | east one of said paper sheets, sald graphic
desi gn oAl 3d&§%€ubst rat e sheet cooperates with sai d set of indicia to form
a total B4agThemssthod syt forth i E18AYB 3t @ehprisiipt the 4drtherTdiep obineadifng set

f h | - ' ' foindi.cia is.pri d id

surt ace Bpreip brda 3Ry St s aplor G iRl o800t g, Tas” e
met hod a35 seflhe arathod as sk fouth o claigw A dosipriinghibe ffurthérestes obperfirating aditli- zi ng
a porti 0?esﬁfou§§h9stfa?§éﬂé?t’§nﬁnul x C«ffaﬁmﬂﬂiﬁgtsteg“ or to said lam nating step.

44  The as_set alm4l nprising the further step of
perforat Pfg dbpamatheshasset $orithyin @laiop 33,compsising-the TuriBer step pLPTiRGRga d

| am nat i ffcrotekPp on4hid reaiheusrmﬂab@ﬁkeaﬁedf ptiof &y éaid lainmhmgmé% conprising the
I gr tsgle(rj {;ep;{ﬁf Pﬁeéfx ({ s%t forth i1 & Ell%')l( 53 Ovrs}hesrgilndat W&t} %u o1 sai grr%i[) csc{(]egi%h i€ rror
printed on said resmo_us substrate sheet with fluorescent ink.
38 The method as set forth in claim 33, wherein said graphic design is printed on said
resinous substrate sheet by a rotogravure printing process.
39  The method as set forth in claim 33 further comprising disposing a first layer of
substantially opaque ink under said graphic design and disposing a second layer of
substantially opaque ink over said graphic design.
40 The method as set forth in claim 33, wherein at least a portion of said graphic design
is printed on said substrate sheet with phosphorescent ink.
41 A method for manufacturing a security document comprising the steps of: !
defining a graphic design in color;
printing said graphic design on a resinous substrate sheet as a substantially trans:parent

Q_S

color image;

permahently laminating said printed substrate sheet between two paper sheets by
means of an adhesive; and |

printing a set of indicia on an outer surface of at least one of said paper sheets,
whereby said graphic design on said substrate sheet cooperates with said set of indicia to
form a total image when viewed in transmitted light.
42 The method as set forth in claim 41, wherein said set of indicia is printed on said
outer surface of at least one of said paper sheets by intaglio printing.
43  The method as set forth in claim 41, comprising the further step of metallizing a
portion of said resinous substrate sheet prior to said laminating step. .
44 The method as set forth in claim 41, comprising the further step of perforating a
portion of said resinous substrate sheet prior to said laminating step.
45  The method as set forth in claim 41, comprising the further step of printilig a
microtext on said resinous substrate sheet prior to said laminating step.
46 The method as set forth in claim 34, wherein said graphic design is printed on said
resinous substrate sheet by a rotogravure printing process.
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46 & Tmth in cIa|m34 wherei n sai d graphic design is

prlnted on sai d resinous substrate sheet by ‘a rotogravure printing process.

35

SECURITY PAI;ER WITH COLOR MARK

ABSTRACT

A__ security paper is provided for incorporation in a security document; or other
document having intrinsic value. The security paper includes a resinous substrate sheet (14)
on which indicia (18) are printed. Paper sheets (12, 16) are laminated on eit_:hér side of the
resinous substrate sheet using a suitable adhesive (28, 30). In the laminated security paper,
the indicia printed on the substrate sheet are undetectable when viewed in reflected light, but
become apparent when viewed in transmitted light within the visible spectrum. The security
paper may be incorporated in a security document in which a set of indicia (20, 22) printed
on at least one of the outer faces of the paper sheets, such that the indicia on the substrate and
the indicia on the document form a total image when viewed in transmitted light. A method
for manufacturing tile s:écurity paper 1s also provided.

Fig. 1
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