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SECURITY DOCUMENT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 10/51 1,628, ?led Oct. 18, 2004, Which is a National 
Phase of International Application Serial No. PCT/EP03/ 
04006, ?led Apr. 16, 2003, and claims priority of German 
Patent Application No. 102176329, ?led Apr. 19, 2002, the 
contents of Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to a security document With a 
security element, a method for producing such a security 
document and a test method for testing such a security docu 
ment. 

DESCRIPTION OF THE BACKGROUND ART 

[0003] The use of security elements for protecting security 
documents has been knoWn for some time in a great variety of 
embodiments. The term “security document” refers here to 
any document that is to be protected against unauthoriZed 
attacks in some Way. Documents may have to be protected 
against different attacks depending on the type of document 
or information carried by the document. 
[0004] Certain documents must be protected primarily 
against forgery and/or falsi?cation. Such documents include 
for example bank notes, shares, papers of value, ID cards, 
certi?cates, checks or virtually any other type of of?cial docu 
ment. With some of these documents, for example bank notes 
and papers of value, protection against forgery is most impor 
tant. Forgery refers here to any imitation of the original, no 
matter by What means this is attained. In contrast, checks and 
certi?cates, for example, must be protected primarily against 
falsi?cation of content, since such documents are normally 
not forged completely but primarily subject to the danger of 
content being altered in fraudulent fashion by eg forgery of 
signatures and replacement of names or amounts. 
[0005] Typical security elements that are incorporated into 
the security paper on Which the particular document is printed 
or into the print itself for avoiding forgery are for example 
Watermarks, security threads, mottling ?bers, holograms or 
other special printing processes that are dif?cult to imitate. 
Security documents, such as bank notes, are normally 
equipped With a plurality of different security elements that 
can be tested partly With the naked eye and partly in special 
test devices by vieWing the documents in re?ected light, 
transmitted light or ultraviolet light. 
[0006] Despite the great number of existing different secu 
rity elements, there is a continuing need for neW, easily 
checked, safe means of proof that permit the authenticity of a 
document or the correctness of its entries to be tested. 
[0007] A second essential security point is protection 
against unauthoriZed perusal and/or duplication of informa 
tion described on the document by unauthorized persons. 
Corresponding measures are necessary for example in con? 
dential documents of research and development departments, 
military documents, minutes of discussions to be kept secret, 
eg at diplomatic services, etc. In particular, since the Wide 
spread of commonly available copying machines already 
found in most of?ces and the advances in the area of photog 
raphy, there is an interest in protecting relevant documents 
against unauthoriZed photocopying or photography. 
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[0008] There are various knoWn security elements in this 
area as Well. In the ?rst years folloWing development of the 
photocopier, con?dential documents Were covered for 
example With a red, transparent foil or coating that absorbed 
the light of the black-and-White copying machines, Which 
Was usually green, and thus made a copy impossible. Besides 
the annoyance due to the dif?cult readability of documents 
thus protected, there is the disadvantage that documents are 
only protected against green light. Photographic images or 
copying With more modern copying machines With White 
light are nevertheless possible. In other methods, an 
embossed transparent foil is applied to the document that acts 
like a set of prisms and diverts the direction of the light. The 
prisms can be formed so that one cannot look at the document 
through them perpendicular from above. This makes it very 
dif?cult to make a copy. In neWer knoWn methods, phototro 
pic substances are used to protect documents. These are 
chemical compounds Whose structures change under the 
in?uence of light. They thus assume a different color and can 
therefore protect documents against copying in principle. 
HoWever, it is problematic that such phototropic substances 
often react quite sloWly so that the copy is made faster than the 
changeover of the substances. Another problem is that such 
substances cannot prevent documents being nevertheless 
copied With reduced light or by other methods. A further 
possibility for preventing unauthoriZed copying is to install 
devices in the copying machines that recogniZe security 
threads, magnetic features or other protective devices in the 
paper of the original and then block the copying operation. A 
great disadvantage of such methods, hoWever, is that they 
require installations in the machines and these installations 
can be easily bypassed by more or less informed technicians. 
[0009] A considerable need for novel security elements 
therefore also still exists in the area of protection against 
unauthorized reading or copying of security documents. 

SUMMARY OF THE INVENTION 

[0010] It is the problem of the present invention to provide 
a co st-effective and simple alternative to the abovementioned 
prior art that alloWs protection against different possibilities 
of attack depending on the type of security document. 
[0011] This problem is solved by a security document 
according to the invention. 
[0012] According to the invention a security document is 
provided With a security element that is produced at least 
partly of a material that is optically changeable by an electric 
or magnetic ?eld. 
[0013] By using a material Whose optical properties are 
modi?able by an electric or magnetic ?eld, the security ele 
ment can be sWitched quickly from one optical state to 
another optical state. There are different concrete possibilities 
of design for protecting the document against different 
attacks. This Will be explained hereinafter With reference to 
examples. 
[0014] Preferably, the optically changeable material 
includes a plurality of particles that are changeable in their 
position and/or alignment by the electric or magnetic ?eld. 
This can be obtained for example by enclosing the particles in 
microcapsules, the microcapsules being brought into a sWol 
len state by a sWelling agent so that the particles are supported 
movably Within the microcapsules. 
[0015] Such materials have become knoWn for instance 
under the catchWord “rotating balls” or the brand name Gyri 
con® from XEROX. These particles consist of at least tWo 
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halves that are differently colored and simultaneously have 
different electric properties. The particles can be e.g. White 
and negatively charged on one side, and black and positively 
charged on the other side. However, any other combination of 
electric polarity and color is also possible. All elements Work 
ing on the rotating ball principle can fundamentally also be 
aligned in a magnetic ?eld if the particles have a magnetic 
polarity. These particles are embedded in a suitable binder, for 
example transparent silicone gum. Sheets containing the par 
ticles can be produced from the binder. Then a liquid sWelling 
the polymer of the sheet, for example oil or high-boiling 
solvent, is added. Subsequent sWelling has the consequence 
that the particles are noW exposed in a cavity, i.e. in their oWn 
microcapsule, Which is usually ?lled With the sWelling agent. 
Alternatively, it is also possible to not form the particles 
directly into a sheet but provide individual particles With a 
sheath of polymer or another substance. The technology for 
this corresponds to that used for producing microcapsules for 
pressure sensitive paper. When sWelling agent is applied to 
these individual microcapsules the latter also sWell and alloW 
the contained particles to move freely. The particles enclosed 
in the microcapsules can then in turn be applied to a surface 
With a binder. When the particles freely movable Within the 
microcapsules are exposed to an electric or magnetic ?eld, the 
particles Will align With the ?eld lines. The particles thus 
rotate and turn one of their sides to the vieWer, With a suitable 
?eld direction of the particles, so that the vieWer sees for 
example either only the black side or only the White side in the 
case of a black-and-White colored particle With suitable polar 
ity, and the surface of the material thus appears White or black 
to him. Instead of a small sphere, any other particle forms can 
fundamentally also be used, eg cylindrical particles. 
[0016] A special effect can be obtained by using particles 
having tWo transparent hemispheres separated by an opaque 
layer. Such particles can be brought by suitable alignment of 
the electric or magnetic ?eld into an opaque position in Which 
the opaque separation layer in the individual particles is per 
pendicular to the vieWing direction. A different arrangement 
of the ?eld can ensure that the particles align rotated by 90° 
and thus the opaque separation layers in the particles are 
parallel to the vieWer’s vieWing direction. This causes a layer 
of material constructed by the particles to be transparent since 
the vieWer can see betWeen the separation layers of the par 
ticles as through a slatted curtain Whose slats are aligned 
parallel to the vieWer’s vieWing direction. 
[0017] In an alternative embodiment, a plurality of colored 
particles are embedded in individual microcapsules in the 
manner of a poWder, Whereby tWo different kinds of poWder 
particles having different colors and different electric charges 
are used. An applied electric ?eld then ensures that one kind 
of particle moves in the ?eld direction and the other kind 
contrary to the ?eld direction. If several such microcapsules 
are located side by side in a layer of material, the color of the 
layer of material can consequently be alterediregarded from 
a certain vieWing directioniby accordingly applying a ?eld. 
Any combination of particle color and electric polarity can be 
used here depending on the case of application. 

[0018] The stated optically changeable materials are 
bistable, i.e. the particles remain in their position and/or 
alignment until a neW ?eld is applied that aligns them differ 
ently or changes their position. 
[0019] Such materials are ?nding application in the produc 
tion of so-called “electronic paper.” The material is used here 
to form thin sheets by the above-described method. Then a 
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system of thin electroconductive paths is applied to the sheet 
so that an electric ?eld can be locally applied at individual 
points of the sheet. This permits the individual points of the 
sheet to be addressed. The individual electrophoretic particles 
Will then align With the ?eld and one of their optical sides turn 
upWard, or the corresponding kind of particle Within a micro 
capsule Will move upWard toWard one electrode and the other 
kind of particle doWnWard toWard the other electrode so that 
a point With a desired color arises there. This permits visible 
characters to be evoked on the sheet. In practice these mate 
rials are already being used for producing electronic price 
labels on supermarket shelves. 
[0020] It has turned out that such rotating-ball particles or 
colored poWder mixtures located in microcapsules are espe 
cially suitable for producing novel and readily recogniZable 
security elements. No complicated addressing or other addi 
tional extensive measures during production are required. It 
suf?ces to apply to the document the optically changeable 
material With the particles in operable form. Therefore, a 
security document can be provided With the novel inventive 
security elements in conventional operations as are usual in 
printing technology. 
[0021] For this purpose the individual particles can be used 
for example simply as pigments of a “printing ink,” i.e. an 
optically changeable material is produced that can be pro 
cessed like a printing ink. The material can be printed on the 
document all over in order to produce for example a complete 
security layer of the material. Alternatively, any information, 
for example a text, symbol, logo, etc., can also be produced on 
the document by the material. The carrier material used here 
may be the customary paper used for the particular document. 
The optically changeable material can be applied precisely 
like any other printing ink by screen printing, intaglio print 
ing, line intaglio printing or any other expedient method. 
[0022] According to a ?rst preferred example, the security 
layer and/or information could be produced on the security 
document here by an already activated optically changeable 
material, i.e. the information or security layer is printed using 
particles already sheathed in microcapsules. The microcap 
sules already contain the sWelling agent in Which the particles 
move. After printing and drying of the material, an operable 
security feature arises directly. 
[0023] In an alternative preferred example, the security 
layer and/or information is ?rst produced on the security 
document by a nonactivated optically changeable material 
and the security document is then treated With a sWelling 
agent to activate the optically changeable material. That is, 
?rst only a “printing ink” containing the particles in their 
microcapsules in unsWollen form is used. After printing and 
after drying of the print, the individual particles are ?rmly 
bound in the ink in immovable ?xation and random align 
ment. Then the sWelling liquid, eg an oil, silicone oil prepa 
ration, high-boiling solvent or other suitable liquid, is applied 
to the document. This sWelling agent penetrates into the ink 
and makes it sWell. This causes the spaces to form around the 
particles in Which the particles are noW immovable. The secu 
rity element is then operable and can be excited by electric or 
magnetic ?elds. 
[0024] In a further preferred variant, not only particles in 
microcapsules are added to the printing ink but additionally 
the sWelling agent in microencap sulated form. After drying of 
the material on the document, destruction of the microcap 
sules can be obtained for example by mechanical pressure. 
This releases the sWelling agent to act on the microcapsules of 
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the movable particles as described. Microencapsulated sWell 
ing agents such as high-boiling solvents are known from the 
production of pressure sensitive paper. 
[0025] In the same Way, microcapsules With movable par 
ticles4optionally With microcapsules With swelling agenti 
can be incorporated not only in printing ink but also in Writing 
inks or other coloring agents, Which are then applied to the 
document as described above. RealiZations are likeWise pos 
sible for producing ink-j et inks, toners for copiers, laser print 
ers, etc. 
[0026] As mentioned above, it is not necessary to apply 
addressing lines to the document for protecting a document 
by the inventive security elements. A test can be effected by 
bringing the security document into an external electric ?eld. 
If for example a printed image consisting of the inventive 
material has been applied to the document, it can be sWitched 
to one of tWo positions simply by suitably applying the elec 
tric ?eld, so that the applied character becomes visible in a 
certain color. When the ?eld direction is changed, the color of 
the character also changes. The same result can be obtained 
by simply inverting the document in the ?eld. 
[0027] Corresponding test devices With electric ?elds are 
cost-effective and easy to produce. The use of the security 
element is thus in particular also suitable for mass-produced 
security documents such as bank notes, since the security 
element on the bank note can be checked by a cost-effective 
device at any place of payment such as a department-store or 
supermarket cash register, gas station, etc. 
[0028] In an additional variant, a printed security element 
can be in?uenced by a time-variant electric or magnetic ?eld. 
This causes for example printed information to alternately 
appear and disappear or to move Within the area. Here, too, it 
is possible to change the form of appearance of the character 
solely by moving the document Within the electric ?eld. 
[0029] In a further preferred example, the security docu 
ment is equipped With an at least partly electrically conduc 
tive layer for applying an electric ?eld and/or shielding an 
electric ?eld. Combinations of different electrically conduc 
tive layers are possible here, Whereby the electrically conduc 
tive layers can also be structured. 
[0030] In an especially preferred variant, at least tWo con 
ductive layers are electrically connected by a preferably 
microelectric circuit. This circuit preferably includes a 
sWitchover unit formed so as to sWitch a conductive connec 
tion to a nonconductive state or vice-versa only after receiv 
ing a security code, for example a passWord. 
[0031] The use of such electrically conductive layers or 
combinations of connected electrically conductive layers 
provides a further plurality of possibilities of varying the 
concrete design of the security elements. 
[0032] Additional variations can be achieved by construct 
ing the material so that it is brought into a state in Which it is 
optically changeable by an electric ?eld only by irradiation of 
light. For example, the particles of optically changeable mate 
rial can be adapted to be brought into the state in Which they 
are changeable in their position and/ or alignment by the elec 
tric ?eld by irradiation of light, i.e. particles are used for 
example that develop an electric polarity only in light. It is 
expedient to use particles having a photoelectrically reacting 
side. Such particles Will be aligned in an electric ?eld only 
When light simultaneously falls on the surface. 
[0033] Alternatively, the particles of optically changeable 
material can be embedded in a substance that produces an 
electric ?eld upon irradiation of light. For example, the binder 
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can be mixed With photoelectric polymers that develop an 
electric charge upon exposure to light. LikeWise, a further 
layer producing an electric ?eld upon irradiation of light can 
be applied to the security document. 
[0034] If the security element is used for preventing forgery 
or falsi?cation of the document, it is expedient to use an 
optically changeable material that is soluble by organic media 
and/or Water. Manipulation of the security document With 
chemicals and/ or Water then leads to damage of the security 
element so that the manipulation is noticed at a later check. 

[0035] Since the diverse variants of layers and/or informa 
tion consisting of optically changeable material, of electri 
cally conductive layers and of photoelectric materials can be 
used in any combinations, there is a virtually unlimited num 
ber of variations for creating a concrete security element by 
the inventive method. The security element can therefore be 
optimally adapted in its properties to the particular purpose of 
protection. 
[0036] For producing forgery-proof documents or docu 
ments that are di?icult to forge, in particular the folloWing 
variants are expedient. 
[0037] In one variant, the side of the rotating-ball particles 
of inventive material that is visible in the normal state and the 
surrounding printing ink or a background color have a similar 
or even identical color. The security element is then not easily 
noticed. The particles ?ip to their other state only by appli 
cation of the electric ?eld, and the security element is then 
sWitched to a differentipreferably contrastingicolor so 
that a distinctly perceptible change in the image appears. 
Different effects can be obtained by suitably selecting the 
particular colors on the tWo halves of the particles. If eg a 
?uorescent substance and a non?uorescent material are used 
for the tWo halves of a particle, the printed information or 
layer can be visible only in UV light in a ?rst orientation, but 
be visible in normal light in a second alignment. LikeWise, 
only differently ?uorescing or non?uorescing sides yield an 
interesting effect only recogniZable under UV light. The same 
effects can be produced by corresponding colored poWder 
particles in a microcapsule. 
[0038] Different variations result from using a material that 
can be sWitched from a transparent to an opaque state. The use 
of particles With transparent hemispheres and an opaque 
intermediate layer thus permits the intermediate layer to be of 
re?ecting design, for example, so that in one form of align 
ment a re?ecting surface arises and When an electric ?eld is 
applied in another direction a printed image located under the 
layer appears. 
[0039] Interesting variants can also be produced by printing 
a little structured or unstructured coating of optically change 
able material With electrically conductive, transparent mate 
rial or With conductive ink, said electrically conductive layer 
being structured. This permits an external electric ?eld that is 
basically not or little structured to be modi?ed in its effect by 
the conductive overprinting. Structures or characters can thus 
be formed in the ?eld that are not found in the coating With 
optically changeable material. Further, it is possible to pro 
duce such characters by using structured electrodes in the 
testers. For example, a certain character could be printed on 
one plane of a security document and this printed image then 
overprinted With a security layer of inventive material that can 
be sWitched from an opaque to a transparent state. When the 
security document is later placed in a test device that produces 
a structured electric ?eld precisely at one place, the security 
layer is sWitched from the opaque to the transparent state only 
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in this area, so that it can be tested if the electrode structures 
are covered With the printed image located under the security 
layer. 
[0040] In one example, a transparent, structured, conduc 
tive overprint is connected With an all-over conductive layer 
on the back of the document. An external ?eld is shorted 
betWeen the layers and no change in an image appears there, 
Whereas a different optical impression is obtained by the 
electric ?eld With corresponding positioning of the optically 
changeable material all around. Any other realiZations With 
the aid of electrically conductive printed layers are equally 
possible. 
[0041] Especially interesting embodiments result from 
combining the inventive method With other knoWn protecting 
means. For example, holographic elements on bank notes 
frequently consist of an embossed synthetic resinbacked With 
metallic layers. Such elements can be additionally enhanced 
by a print or frame With inventive layers. If security threads 
are used, they can be transparent or else metaliZed. Printing 
on an inventive material With suf?ciently ?ne particles per 
mits characters that can be sWitched visible or invisible 
depending on the alignment of the electric ?eld to be applied 
to the security threads. Likewise, a security thread itself, for 
example, can be sWitched translucent or opaque if it is pro 
duced from the optically changeable material. 
[0042] For protection against falsi?cation of content of a 
security document, in particular one variant is expedient in 
Which information to be protected is applied to an inventive 
security layer. The inventive security layer can thus be applied 
eg in a part of the surface of a check, preferably in the 
amount ?eld, or in the area of the ?rst signature in the case of 
traveler’s checks. The color of this area can be different from 
the color of the surrounding check. But it is preferably very 
similar or identical, so that the inventive coating is not 
noticed. The information to be applied in this area, i.e. the 
signature or amount, is then Written or printed over the secu 
rity layer. If a forger attempts to remove by erasure a character 
present in the original, he Will thus remove part of the security 
coating at the same time. If the background color matches that 
of the security layer or the security layer is transparent, he Will 
not notice it. When the security document is brought into an 
electric or magnetic ?eld for testing, hoWever, the erased part 
Will be immediately noticed. For example, the particles in the 
security layer could sWitch from their invisible to a black 
form so that the erased part is immediately recogniZable as 
light tracks in otherWise black surroundings. 
[0043] When a soluble binder is used for producing the 
inventive material, the same applies to removal of the print by 
chemical methods. Upon testing in an electric ?eld, traces of 
Wiping are then recogniZable, Whereby portions of the inven 
tive material have normally also been blurred in the surround 
ing area on the document. 

[0044] For protecting a security document With secret 
information against unauthorized reading or copying, espe 
cially the folloWing variants are expedient. 
[0045] In a ?rst variant, the document to be protected or at 
least the areas containing the information to be protected are 
covered With a security layer that can be sWitched from a 
transparent to an opaque state by the electric ?eld. When the 
security layer is sWitched to the opaque orientation by apply 
ing a suitable ?eld, the information on the document is no 
longer visible. When the document is to be used, it must ?rst 
be sWitched back to its visible state in an electric or magnetic 
?eld. 
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[0046] In a second variant, the information is executed on 
the security document directly in an ink or toner consisting of 
the optically changeable material. The ink or toner contains as 
pigments the particles changeable in their position and/or 
alignment by an electric ?eld. The abovementioned black 
and-White particles can be used here for example. If a docu 
ment is prepared in this Way With such an ink or toner on White 
background paper, the information is invisible in a state in 
Which all particles are so aligned that their White side is 
directed aWay from the paper, i.e. upWard. When the docu 
ment is brought into a suitable electric ?eld, hoWever, the 
particles sWitch and the information presents itself black on a 
White background. This embodiment offers special advan 
tages if multicolor documents must be prepared. Such docu 
ments can be prepared by using Writing inks, printing inks or 
toner that have differently colored particles in each case. The 
sWitch to the visible or invisible state canbe performed simul 
taneously for all particles. 
[0047] Further, additional protection can be obtained in 
such documents by using electroconductive, transparent lay 
ers that cover the document in each case. A microelectric 
circuit interconnecting the tWo layers can be incorporated in 
the carrier material. If an electric ?eld is applied from outside 
With an intent to make the document visible, the applied ?eld 
does not affect the inventive material located in the ?eld-free 
space betWeen the electrically conductive layers, due to the 
layers connected by the circuit. Therefore, it is impossible to 
sWitch the security document to its readable state. If the 
circuit is simultaneously damaged and brought into a perma 
nently conductive state by such an unsuitable attempt, the 
document cannot be read at all any more. 
[0048] The circuit can be so formed that it must be ?rst 
addressed by a code or passWord and only then interrupts the 
conductive connection of the tWo sides. Then a suitable elec 
tric ?eld can be applied to the document via the electrically 
conductive layers for example by contacting said electrically 
conductive layers With a voltage source. The information is 
thus sWitched visible again. After use, the security document 
can be sWitched to the invisible state in the same Way by 
polarity reversal of the ?eld and the conductive connection 
restored betWeen the tWo electrically conductive layers of the 
document. 
[0049] For protection against unauthorized copying it is 
also expedient to use additional materials, for example as 
binder in the inventive material or as additional layers that 
build up electric ?elds When irradiated With light. The elec 
trically polariZed particles Will then align With the ?eld pro 
duced by the photoelectric charge. By suitable execution of 
the polarity of the particles in the optically changeable mate 
rial, the color design and the photoelectric properties of the 
additional material, the material can be caused to sWitch to an 
invisible state as desired When a maximum alloWed bright 
ness is exceeded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] The invention Will be explained in detail hereinafter 
on the basis of examples With reference to the enclosed ?g 
ures, in Which: 
[0051] FIG. 1 shoWs a schematic partial cross section 
through an inventive security document according to a ?rst 
example before being brought into an electric ?eld, 
[0052] FIG. 2 shoWs a schematic partial cross section 
through an inventive security document according to the ?rst 
example but in an electric ?eld, 
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[0053] FIG. 3 shows a schematic partial cross section 
through a security document according to a second example 
in a ?rst state, 
[0054] FIG. 4 shoWs the security document according to 
FIG. 3 in a second state, 
[0055] FIG. 5 shoWs a schematic partial cross section 
through a security document according to a third example, 
[0056] FIG. 6 shoWs a perspective plan vieW of a security 
document according to a fourth example in a structured elec 
tric test ?eld. 

DETAILED DESCRIPTION OF THE INVENTION 

[0057] FIG. 1 shoWs the surface of security document 1 on 
Which security layer 2 of inventive material M Was produced 
by a printing operation. This may be for example unstructured 
security layer 2 completely covering the surface of security 
document 1. 
[0058] Material M contains here in binder 6 a plurality of 
microcapsules 7 in Which individual particles 8 are freely 
movable ?oating in a sWelling agent. “Pigment particles” 8 
are electrically polar and have a black side and a White side. In 
the initial state, Without a de?ned electric ?eld previously 
acting on the particles, particles 8 are aligned randomly. 
[0059] FIG. 2 shoWs the effect that occurs When this secu 
rity document is brought into electric ?eld E. It is assumed 
here that the black half of particles 8 is negatively charged and 
the White half positively charged. Electrophoretic particles 8 
?oating freely movably in individual microcapsules 7 Will 
then align With applied electric ?eld E in accordance With 
their polarity. In FIG. 2 the ?eld is so applied that particles 8 
all point upWard With their black half so that material M, i.e. 
security layer 2, appears altogether black When regarded from 
above. 
[0060] It is to be heeded that for clarity’s sake the ?gures 
shoW microcapsules 7 With particles rather isolated in secu 
rity layer 2. In reality, particles 8 or microcapsules 7 are 
packed relatively densely Within binder 6. Likewise, for the 
sake of better representability the individual layers are not 
shoWn in the correct ratios of size. 
[0061] On White background paper, security layer 2 Would 
be clearly recognizable as an all-over black color of the paper. 
When the electric ?eld is reversed, the White halves of par 
ticles 8 turn upWard and security layer 2 becomes virtually 
invisible. If a structured security layer or information is 
printed on With inventive material M instead of all-over secu 
rity layer 2, the electric ?eld can cause the structure or infor 
mation to sWitch back and forth betWeen a visible and an 
invisible state. 

[0062] FIGS. 3 and 4 shoW a further variant. The essential 
difference over the examples according to FIGS. 1 and 2 is 
that individual particles 9 have tWo halves of transparent 
material that are separated by an opaque middle layer. When 
aligned according to FIG. 3, security layer 2 is thus opaque. 
Print 10 With certain information applied to document 1 under 
security layer 2 is then invisible. 
[0063] FIG. 4 shoWs the position ofparticles 8 in case ofa 
?eld rotated 90°. Here the opaque separation layers Within 
particles 8 are perpendicular to the surface of document 1 so 
that one can see through security layer 2 from above and the 
information in printed layer 10 becomes recognizable. 
[0064] The example according to FIG. 5 involves a varia 
tion of someWhat more complicated construction in Which 
certain information Was applied to document 1 With inventive 
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optically changeable material M. FIG. 5 shoWs a section 
through a printed letter in a greatly enlarged representation. 
[0065] Speci?cally, background layer 18, for example a 
black or dark-gray background, is printed on the basic mate 
rial of document 1 here. Thereabove is layer 4 that is produced 
of optically changeable material M in the area of the letters to 
represent information 3, and of further material 5, for 
example conventional printing ink 5, in edge areas. Material 
M again has particles 8 embedded in microcapsules 7 in 
binder 6 as shoWn in FIGS. 1 and 2. Particles 8 consist here of 
a White half and a dark colored half. The dark color of par 
ticles 8 corresponds precisely to the color of colored material 
5 surrounding information 3. Background layer 18 also has 
this color. 
[0066] In the state shoWn in FIG. 5 a vieWer looking at 
document 1 from above Will therefore no longer be able to 
recognize information 3 applied in layer 4 in surrounding 
material 5 by material M. By applying a suitably electrically 
oriented ?eld, particles 8 can be rotated so that information 3 
appears White on a dark background and in dark surround 
1ngs. 
[0067] To prevent information 3 on security document 1 
from being made visible at Will by applying an external elec 
tric ?eld, security document 1 is coated on each side With 
layer 11, 12 of transparent conductive material, for example a 
conductive polymer or the like. Layers 11, 12 are shorted via 
lines 14, 15 and microelectric circuit 13, Which is provided for 
example in the paper of document 1. On the back of document 
1, i.e. on loWer electric layer 11, there are contact areas 17 
likeWise connected via line 16 With microcircuit 13. By input 
ting an electronic code via contacts 17 to microcircuit 13 the 
short betWeen electrically conductive layers 11, 12 can be 
eliminated. It is then possible to apply a voltage to layers 11, 
12 and thus produce a suitable electric ?eld, thereby rotating 
particles 8 Within material M and making information 3 vis 
ible. By polarity reversal of the electric ?eld, i.e. by reversing 
the voltage on layers 11, 12, particles 8 are sWitched back to 
the state shoWn in FIG. 5. By inputting a further code it can be 
ensured that microcircuit 13 shorts the tWo electrically con 
ductive layers again. This again prevents the security docu 
ment from being made readable in unauthorized fashion by 
applying voltage to conductive layers 11, 12, i.e. document 1 
is protected again. 
[0068] FIG. 6 shoWs an example in Which security docu 
ment 1 is coated With large-surface security layer 2. In the test 
device an external structured ?eld is applied in Which struc 
tured metallic electrode 20 is used on the upper side and 
all-over counterelectrode 19 on the underside. In unstructured 
layer 2 on the security document, precisely structure S of 
structured electrode 20 is then imaged. 
[0069] The examples described in the ?gures are funda 
mentally also possible for particles With magnetic polarity 
that can be aligned in a magnetic ?eld. 

1. A security document (1) With a security element (2, 3) 
comprising at least partly of a material (M) that is optically 
changeable by an electric ?eld (E) or magnetic ?eld, charac 
terized in that the security document is equipped for the 
purpose of testing thereof to produce an optical change of the 
material (M) by bringing the security document into an elec 
tric or magnetic ?eld, Without any addressing lines being 
applied to the document for this purpose. 

2. A security document according to claim 1, characterized 
in that the optically changeable material (M) includes a plu 
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rality of particles (8, 9) that are changeable in at least one of 
their position or alignment by means of an electric ?eld (E) or 
magnetic ?eld. 

3. A security document according to claim 1, characterized 
in that the security element (3) includes information (3) 
applied to the security document (1) and comprising at least 
partly of the optically changeable material (M). 

4. A security document according to claim 1, characterized 
in that the security element (2) includes a security layer (2) 
comprising at least partly of the optically changeable material 
(M). 

5. A security document according to claim 4, characterized 
in that the security layer has a structure. 

6. A security document according to claim 3, characterized 
in that at least one of the security layer (2) or the optically 
changeable information (3) has different colors in depen 
dence on an electric ?eld (E) or magnetic ?eld from a certain 
VieWing side. 

7. A security document according to claim 3, characterized 
in that at least one of the security layer (2) or the optically 
changeable information (3) is transparent or opaque in depen 
dence on an electric ?eld (E). 

8. A security document according to claim 4, characterized 
in that information to be protected is applied to a security 
layer. 
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9. A security document according to claim 4, characterized 
in that a security layer (2) covers information (10) applied to 
the security document (1). 

10. A security document according to claim 1, character 
ized in that the material is adapted to be brought by irradiation 
of light into a state in Which it is optically changeable by an 
electric ?eld. 

11. A security document according to claim 2, character 
ized in that the particles of optically changeable material are 
embedded in a substance that produces an electric ?eld upon 
irradiation of light. 

12. A security document according to claim 1, character 
ized by a layer that produces an electric ?eld upon irradiation 
of light. 

13. A security document according to claim 1, character 
ized in that the optically changeable material is soluble by at 
least one of organic media or Water. 

14. A test method characterized in that a security document 
(1) according to claim 1, is exposed for testing purposes to an 
external electric ?eld (E) or magnetic ?eld. 

15. A test method according to claim 14, characterized in 
that the electric or magnetic ?eld is structured. 

* * * * * 


