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Description

Field of the Invention

[0001] The invention relates to a document with an in-
tegrated display and the manufacture of a document with
an integrated display.

Background of the Invention

[0002] Documents with integrated electronic circuits as
such are known in a variety of forms. Such documents
are available predominantly in paper based form like
electronic passports or as chip cards, especially so-
called smart cards, which can be a contact cards, contact-
less cards or a Dual Interface card.
[0003] The incorporation of a display into an electronic
document is also known. Chip cards may have an inte-
grated display device, for example as shown in EP 0 920
675, WO2004/080100, and US 6,019,284.
[0004] US 6,340,965 B1 discloses electronic paper
which is used to form a reusable form.
[0005] US 6,019,284 and EP 0 920 675, for example,
discloses flexible cards having a display.
[0006] US 6,050,494 discloses a smart card includes
a transparent circuit board on which an integrated circuit,
function switches, a power source, and other parts are
mounted, an upper substrate facing the circuit board, up-
per and lower electrodes respectively located on facing
surfaces of upper substrate and the circuit board, orthog-
onal to each other, orientation films coating the upper
and lower electrodes, and a liquid crystal material located
and sealed between the upper and lower electrodes.
[0007] EP 1 437 683 A2 discloses a functional card
that can ensure security by preventing forgery such as
changing a picture of a face, and display other images
as well as the picture of a face. A card comprising a dis-
play device and a thin film integrated circuit; wherein driv-
ing of the display device is controlled by the thin film in-
tegrated circuit; a semiconductor element used for the
thin film integrated circuit and the display device is formed
by using a polycrystalline semiconductor film; the thin
film integrated circuit and the display device are sealed
with a resin between a first substrate and a second sub-
strate of the card; and the first substrate and the second
substrate are plastic substrates.

Summary of the Invention

[0008] The invention provides for a method of manu-
facturing a document and a document with an integrated
display in the independent claims. Embodiments are de-
scribed in the dependent claims.
[0009] A disadvantage of prior art displays is that they
are attached or laminated into an electronic document.
Attaching or laminating the display has the disadvantage
that the document is easier to forge. A would be forger
needs only to acquire a similar display or remove a dis-

play from an existing document to incorporate into the
forgery.
[0010] A method of manufacturing according to an em-
bodiment of the invention addresses this problem by
manufacturing an integrated display on a substrate. At
least one process step is used to manufacture a display
component of the integrated display at the same time as
a circuit component of an electronic circuit. The electronic
circuit is also manufactured on the substrate and is cou-
pled to the display. Manufacturing a document in this
fashion may have the technical advantage that the doc-
ument is more difficult to forge. The forger would need
to be able to manufacture the display on the substrate in
the same fashion. An additional technical advantage is
that manufacturing costs may be decreased, because
additional electronic components of the document are
manufactured at the same time as the display.
[0011] The invention provides for a method of manu-
facturing a document. The document has an integrated
display. The document comprises multiple layers. At
least one of the multiple layers comprises a substrate.
The substrate carries the integrated display. The term
integrated display, as used herein, indicates that the dis-
play is manufactured on one of the multiple layers as
opposed to being manufactured separately and being
laminated or attached to the document. The substrate
carries an electronic circuit coupled to this integrated dis-
play. The integrated display comprises a display compo-
nent and the electronic circuit comprises a circuit com-
ponent.
[0012] The method comprises the step of providing the
substrate. The method further comprises the step of per-
forming a process step for forming the display component
and the circuit component. The method further comprises
the step of forming a document using the substrate. This
method is advantageous because the display component
and the circuit component are formed, or partially formed,
during the same process step. This reduces manufactur-
ing time and reduces manufacturing costs. The integrat-
ed display may be a liquid crystal display, an organic light
emitting diode display, a plasma display, an electronic
paper display, and a bistable display. Examples of bist-
able displays are electrophoretic, electrochromic or ro-
tating element displays.
[0013] In an embodiment of the invention, the process
step is a single process step.
[0014] In an embodiment of the invention, the process
step is a single process step, and the process step does
not comprise any sub steps.
[0015] In an embodiment of the invention, the process
step is a structuring step.
[0016] In an embodiment of the invention, the process
step is a single structuring step.
[0017] The term structuring as used herein may indi-
cate any kind of forming a pattern on the substrate. In
particular, such pattern may be formed by a process of
material deposition and/or material ablation or etching,
embossing a pattern, and/or printing a pattern.
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[0018] In accordance with an embodiment of the in-
vention the method of manufacturing the document com-
prises a complex process having a plurality of process
steps. At least one of these process steps is a single
structuring step by which a portion of the display and the
circuit, i.e. the display component and the circuit compo-
nent, are formed.
[0019] For example, the single structuring step can be
a deposition step or a removal step, such as an etching
step, for forming a conductor that extends between the
display component and the circuit component and also
forms part of the display component and the circuit com-
ponent.
[0020] In accordance with an embodiment of the in-
vention, the conductor has a portion that forms part of
the display component, this portion of the conductor be-
ing a wordline or a bitline of the display matrix, and an-
other portion of the conductor forming part of the circuit
component, this other portion forming part of a logic cir-
cuitry of the circuit component. Hence, in a single process
step the display component or a portion thereof and the
circuit component or a portion thereof are manufactured
while a connection between these components is also
formed in the same single manufacturing step.
[0021] In accordance with an embodiment of the in-
vention, the display is an active matrix display having a
plurality of transistors, each transistor being a display
component, and the electronic circuit comprising logic
circuitry, the logic circuitry comprising a plurality of tran-
sistors, each transistor being a circuit component. By
means of a single process step, such as a structuring
step or a deposition step, in particular a printing step, the
display components and the circuit components or a por-
tion thereof are formed using known semiconductor man-
ufacturing techniques or by printing the transistors using
polymer electronics, i.e. by printing conductive polymer.
[0022] An embodiment of the method may be used to
manufacture a security or valuable document as is known
in WO 20081000764 A1.
[0023] In an embodiment of the invention, the integrat-
ed display comprises a display driver. This embodiment
is advantageous, because the display driver forms pro-
portionate integrated display and can be manufactured
at the same time.
[0024] In an embodiment of the invention the document
comprises a processing means for processing data. The
processing means is a machine capable of executing ma-
chine executable instructions. Examples of a processing
means include but are not limited to a micro controller, a
central processing unit, a computer, or an embedded sys-
tem.
[0025] In another embodiment the document compris-
es a data storage means coupled to the processing
means. The storage means may be any means adapted
for storing machine readable electronic data. Examples
of storage means include, but are not limited to, RAM,
ROM, EPROM, EEPROM, bubble memory, and magnet-
ic core memory, ferrite core memory, DRAM, DDRAM,

SRAM, flash memory, capacitive memory, and transistor
gate memory. This embodiment is advantageous be-
cause the data storage means allows computer program
products or data to be stored and then accessed by the
processing means. Image data or biometric data can be
stored in the data storage and then later displayed in a
graphical way on the integrated display.
[0026] In an embodiment of the invention, the process
step is a structuring step which provides a structural el-
ement forming the display component and the circuit
component. This embodiment is advantageous, because
a structural step used in making the display component
and circuit component effects that the display component
and the circuit component are combined together in a
comfortable manner, e.g., in a time saving manner. For
example a metallization or a photolithography step could
be performed at the same time for manufacturing the
display component and the circuit component.
[0027] In another embodiment the circuit component
is any one of the following: a transistor, a diode, a capac-
itor, a conductor, a resistor, an insulator, an electrode, a
portion of a transistor, a portion of a diode, and a portion
of a capacitor.
[0028] In another embodiment, the process step is any
one of the following: polycrystalline deposition with the
plasma, plasma etching, reactive ion etching, ion milling,
wet chemical etching, sputter deposition, laser ablation,
laser etching of the substrate, deposition of a spin coated
material, ink jet printing on the substrate, screen printing
on the substrate, offset printing on the substrate, letterset
printing on the substrate, flexographic printing on the sub-
strate, gravure printing on the substrate, intaglio printing
on the substrate, printing on the substrate, deposition of
amorphous silicone, deposition of polycrystalline sili-
cone, and a photolithography step. Any further process
step that is able to pattern a substrate might be consid-
ered.
[0029] In another embodiment the integrated display
is manufactured using a conductive polymer. The proc-
ess step comprises printing conductive polymer onto the
substrate. The process step may comprise printing a dis-
play component and a circuit component at the same
time. This embodiment is advantageous, because the
integrated display and the electronic circuit can be con-
structed at the same time.
[0030] In another embodiment, the process step is
used to hardwire a security feature, a security code, ci-
pher, or cryptographic key into the document. This em-
bodiment is advantageous, because the manufacturing
step used for making the integrated display can be used
to construct electronic data security for the document.
For example, as a security code, read only memory, or
ROM, can be constructed wherein a cryptographic key,
cipher or security code is hardwired, which can be read
and employed to change the cryptographic key, cipher
or security code in a writable memory area, as, e.g., a
RAM area. It is also possible to hardwire, in the security
feature, instructions for a processor. It is also possible to
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hardwire a security feature that is visual to a human ob-
server.
[0031] The process step may be used, additionally, to
write personalizing information into the document. This
personalizing information can be, e.g., a serial number
of the document, information concerning the issuer of the
document, information concerning the hardware compo-
nents of the document, e.g., serial numbers of electronic
components of the document, personal information con-
cerning the owner of the document, a check sum, image
data, as, e.g., a photography, and / or a cryptographic
key. With the aid of such information the integrated dis-
play of the document may be authenticated. Thus, a pro-
tection against manipulation or forgery may be provided.
Particularly, a document that is manufactured according
to the method of the invention, cannot be copied or kloned
by simply employing a publicly available display compo-
nent. In another embodiment, the integrated display is
an active matrix display. The process step is used to man-
ufacture transistors in the active matrix display. The proc-
ess step is used to manufacture transistors in the circuit
component. This embodiment is particularly advanta-
geous, because when the transistors are manufactured
in the active matrix display, transistors can be manufac-
tured in the circuit component also. This means that com-
plicated electronic structures, such as memory or circuits
which are able to perform machine executable instruc-
tions, can be manufactured at the same time as the in-
tegrated display.
[0032] In another embodiment the substrate carries an
electrical connector to connect an integrated circuit. This
embodiment is advantageous, because complicated in-
tegrated circuits can be incorporated into the document.
For instance a specialized integrated circuit for perform-
ing encryption or decryption of data can be integrated
into the document.
[0033] In another embodiment, the document contains
an inductive or capacitive antenna. The antenna is adapt-
ed for powering the document using electromagnetic ra-
diation. This embodiment is advantageous, because a
battery or other power source does not need to be incor-
porated into the document. The antenna is also advan-
tageous because it can be used for communicating or
exchanging data via radio. For example, the antenna may
be used to communicate with a data terminal.
[0034] In another embodiment, the document may be
any one of the following: an identity document, a mone-
tary instrument, a medium of exchange, a means of pay-
ment, a certified document, a seal, a bank debit card, a
bank card, a credit card, a passport, an ID card, a bank
note, a visa, a driving license, a resident’s permit, an
authorization permit, a bank note, a company ID card, a
registration document, a vehicle registration document,
a vehicle title, a property title, a chip card, a smart card,
a waybill, and a bill of lading.
[0035] In another embodiment, the substrate is any
one of the following: paper, rigid plastic, flexible plastic,
glass, and metal foil.

[0036] In another embodiment, the integrated display
is manufactured such that the integrated display is adapt-
ed to emit light of a predetermined spectrum, with a tem-
poral spectral curve, such as due to luminescence, or
fluorescence, or with special absorption characteristics .
[0037] A predetermined spectrum may comprise, e.g.,
predetermined shapes of spectral lines. For example, a
spectral line might be asymmetric, e.g., have a specific
skewness. It is also possible to have distinct spectral lines
very close to each other. To a human observer such lines
would appear as light of a single color, whereas, e.g., a
spectrograph would disclose such lines. Thus, forgery is
made difficult. A temporal spectral curve means that the
emission spectrum of the display component or part of it
may change in time. For example, the emission spectrum
does not remain constant after turning on or off the dis-
play or part of it, but change during, e.g., a refresh period
of the display. Further, a modulation of emitted light in-
tensity might be provided which modulation is invisible
for a human observer but can be disclosed by time re-
solving photo-optic devices. For example, a modulation
having a frequency of more than 50 Hz will most probably
not be sensed by a human observer. In this manner, it is
possible to issue data from the document, as, e.g., cryp-
tographic keys, encrypted and/or signed information,
transaction numbers, bar codes, duration of validity, cre-
dential information, personalizing data. Further, it is con-
sidered that the integrated display emits an optical signal,
that can be sensed by a human observer, but carries also
machine readable information, that can not be sensed
by a human observer. In this regard, the integrated dis-
play may be provided as a photoluminescense quench-
ing, electrophoretic display, electrochrome display, LED-
display, anorganic or organic LED-display. It is further
considered that specific parts of the display render, upon
excitation, transparent or opaque, with respect to invisi-
ble electromagnetic radiation, as, e.g., infrared or ultra-
violet. This embodiment is advantageous, because this
can be used as a security means to authenticate the doc-
ument. The light of a pre-determined spectrum can be
detected or authenticated using a spectrometer or a spe-
cialized light filter. To the naked eye, a particular color
can be replicated by mixing the appropriate amount of
red, green and blue light. This will cause the observer to
perceive a particular color. However if specialized display
materials or dyes, such as the dyes used in producing,
e.g., bank notes, are used in the integrated display, then
light of a very specific pre-determined frequency or fre-
quencies will be emitted. Such specialized display ma-
terials or dyes may easily be incorporated into integrated
displays which may be manufactured by printing such as
organic light emitting diodes.
[0038] Specialized display materials or dyes may be
incorporated into the integrated display which emit light
of a specific frequency in the ultraviolet, visible, near infra
red or infrared portion of the spectrum. In the case of
ultraviolet, near infrared, or infrared, the light will not be
visible to an observer and specialized equipment such
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as a spectrometer or light filter may be used to detect the
light having a pre-determined spectrum.
[0039] Additionally, specific photo luminescent and flu-
orescent dyes or display materials may be incorporated
into the organic light emitting diode which emit light when
illuminated with a predetermined ultraviolet illumination.
This can greatly increase the security of the document,
because a forger would need to be able to construct a
display with these dyes included.
[0040] In another embodiment, the specialized display
materials or dyes may be patterned in the integrated dis-
play. For instance the specialized display materials or
dyes may be patterned to form a watermark. In the case
of using specific photo luminescent and fluorescent dyes
the watermark may become visible when exposed to the
pre-determined ultraviolet illumination. For the special-
ized display materials or dyes, the watermark in the light
emitting diode may be visible to a camera with a special-
ized light or optical filter in front of it. This would further
complicate the task of forging the document, because
not only would the proper dyes need to be incorporated
into the integrated display, but they would need to be
patterned properly to reproduce the watermark.
[0041] In another embodiment the integrated display
is an organic light emitting diode (OLED) display. The
inclusion of an organic light emitting diode display into
the document is advantageous because organic light
emitting diodes use relatively low power.
[0042] In another aspect the invention provides for a
document with an integrated display. The document com-
prises multiple layers. At least one of the multiple layers
comprises a substrate. The substrate carries the inte-
grated display. The substrate carries an electronic circuit
coupled with the integrated display. The integrated dis-
play comprises a display component. The electronic cir-
cuit comprises a circuit component. The substrate carries
at least one structure that forms a portion of the display
component and the circuit component. Such a document
is advantageous, because the structure that forms a por-
tion of the display component and the circuit component
is manufactured in the same manufacturing step. This
reduces the manufacturing cost of the document. Fur-
ther, as the structure may be formed directly on the sub-
strate, it is more difficult to forge the document.
[0043] To summarize, in the method aspect of the
present invention, in other words, a method of manufac-
turing a document is provided, the document having an
integrated display, wherein the document comprises
multiple layers, wherein at least one of the multiple layers
comprises a substrate, wherein the substrate carries the
integrated display, wherein the substrate carries an elec-
tronic circuit coupled to the integrated display, wherein
the integrated display comprises a display component,
wherein the electronic circuit comprises a circuit compo-
nent, wherein the method comprises: providing the sub-
strate, performing a process step for forming the display
component and the circuit component, and forming the
document using the substrate. Thus, the method com-

prises at least three distinguished steps: One step of pro-
viding the substrate. Another step of performing a proc-
ess step for forming the display component and the circuit
component. And another step of forming the document
using the substrate. It is to be noted that, in the step of
performing a process step for forming the display com-
ponent and the circuit component, the display component
and the circuit component may be formed essentially at
the same time, or, essentially at the same time, contrary
to the distinguished steps of providing the substrate and
forming the document using the substrate.

Brief Description of the Drawings

[0044] In the following, preferred embodiments of the
invention will be described, by way of examples only, and
with reference to the drawings in which:

Figure 1 shows a flow chart for an embodiment of a
method according to the invention,
Figure 2 illustrates a substrate where an integrated
display and an electronic circuit are being manufac-
tured according to an embodiment of the invention,
Figure 3 shows a substrate which can be used to
form a document according to an embodiment of the
invention,
Figure 4 shows a document according to an embod-
iment of the invention, and
Figure 5 shows a document according to a further
embodiment of the invention.

Detailed Description

[0045] Like numbered elements in these figures are
either identical elements or perform the same function.
Elements which have been discussed previously will not
necessarily be discussed in later figures if the function is
equivalent.
[0046] Figure 1 shows an example of a method accord-
ing to an embodiment of the invention. In step 1000, the
substrate is provided. In step 1002, a process step is
performed for forming the display component and the
circuit component. In step 1004, the document is formed
using the substrate. This method reduces manufacturing
costs by performing steps for manufacturing the integrat-
ed display and manufacturing the circuit component at
the same time. Manufacturing the integrated display di-
rectly in the substrate is also advantageous, because the
substrate may have a special appearance or configura-
tion which can be used as a security feature. Manufac-
turing the integrated display directly on the substrate in-
corporates the integrated display into the substrate. If the
integrated display were separate, it would be easier for
someone to forge the document, because they too could
incorporate a separate display into the document. In or-
der to forge the document, the forger would need to have
access to the same level of manufacturing as the man-
ufacturer of the document.
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[0047] Figure 2 shows a substrate 158 where an inte-
grated display 160 and an electronic circuit 164 are being
manufactured. The electronic circuit 164 is shown as be-
ing coupled to the integrated display 160. Also shown is
a display driver 162. The display driver 162 may be an
integrated part of the integrated display 160, or it may be
a separate component. Figure 2 demonstrates how a dis-
play component and a circuit component can be manu-
factured at the same time. For example, word line 186 is
a part of the display 160 and a conductor 188 is a portion
of the electronic circuit 164, both of which can be depos-
ited or manufactured at the same time.
[0048] Figure 3 shows an example of a substrate 158
which can be used to form a document according to an
embodiment of the invention. The substrate 158 has an
integrated display 160, an interface 172, an antenna 142,
and an electronic device 102. The antenna 142 may also
be considered a contactless interface. The antenna can
be used for powering the electronic device 102 in some
embodiments and/or it may be used for exchanging data
with a terminal system or a radio transceiver. The inter-
face 172 may be a touch sensitive interface which allows
an operator to manipulate the data displayed on the dis-
play. The interface 172 may also be a series of contacts
which is adapted for connecting a computer or other elec-
tronic device to the document. The interface 172 may
also be a biometric sensor. For example the biometric
sensor may be a fingerprint sensor. The interface 172
may also contain an interface which functions as a touch
sensitive interface as describe above and as a biometric
or fingerprint sensor. This is because the interface may
be used both to read the fingerprint of a finger in contact
with the biometric sensor and to detect finger motion on
the surface of the interface. The interface 172 may also
comprise a switch for manual operation by a user.
[0049] The integrated display comprises a display driv-
er 162 in this embodiment. However, the display driver
may also be a separate component. The integrated dis-
play 160 also comprises a display component 166. The
electronic device 102 comprises an electronic circuit 164,
a central processing unit 156, a transmitter 130, a receiv-
er 128, a security module 170, computer memory 126, it
may also contain one or more integrated circuits 154,
and, contacts for attaching the integrated circuit to the
substrate 158. The electronic circuit 164 comprises a cir-
cuit component 168. The electronic circuit 164 is con-
nected to the integrated display 160.
[0050] The central processing unit (CPU) 156 is also
shown as being connected to the display driver 162. The
central processing unit 156 is adapted for performing ma-
chine executable instructions and may contain memory
for holding machine executable instructions to execute.
The CPU is shown as containing a software application
110. The software application may be considered a com-
puter program product. The integrated circuit 154 is con-
nected to the contacts 152 which are connected to the
central processing unit 156. A security module 170 is
shown as also being connected to the CPU 156. The

security module 170 may store cryptographic keys or ci-
phers. And it may also provide encryption or decryption
of data using hardware.
[0051] The memory 126 is also shown as being con-
nected to the central processing unit 156. This is com-
puter memory 126 and can be used for storing such
things as data objects 104. The computer memory con-
tains such things as data objects 104, image data 150,
and a computer program product 148. The image data
150 is data which represents an image, or which can be
used to generate an image which can be displayed on
the integrated display 160. The computer program prod-
uct contains machine executable instructions and may
comprise instructions for the electrical operation of the
document. The central processing unit is shown as being
coupled to the receiver 128 and the transmitter 130.
[0052] Both the receiver 128 and the transmitter 130
are coupled to a power block 132. The power block 132
performs power management for the power supply of
electronic components on the substrate. The power block
is connected to the antenna 142. the power block may
be adapted to receive electrical power that is coupled
into the antenna 142 via electromagnetic radiation.
[0053] The power block 132 may also function as a
protection circuit for the electronic components on the
substrate. If too high of a voltage is induced in the antenna
by electromagnetic radiation the electronic components
on the substrate may be damaged. The power block 132
may incorporate a single diode, a single diode circuitry
or a voltage regulator integrated circuit to protect the elec-
tronic components on the substrate from voltages which
may damage them.
[0054] The receiver 128 and transmitter 130 and power
block 132 may be attached to a common antenna, or
there may be multiple antennas. For instance there may
be an antenna which is only for coupling power to the
power block 132 and there may be and additional anten-
na for transmitting and receiving data using the transmit-
ter 130 and the receiver 128. The receiver 128 and the
transmitter 130 may also be combined into a single trans-
ceiver component.
[0055] The components of the electronic device 102
may be separate discrete components or they may be
combined together, e.g., within an electronic module. For
example the security module 170 may be an integrated
circuit 154. The same is true for the memory 126 and the
central processing unit. The electronic circuit 164 is in-
tended to be representative of a generic electronic circuit.
The central processing unit 156, the security module 170,
the memory 126, the transmitter 128, and the receiver
130 could all be considered as part of an electronic circuit.
During manufacturing, a process step is performed
where a display component 166 and circuit component
168 are formed or are partially formed. This may be dur-
ing a single process step. During this process step, es-
sentially a portion of the display 160 and a portion of the
electronic device 102 are formed or constructed at the
same time.
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[0056] In operation, the display 160, electronic device
102, and interface 172 shown in figure 3 may be powered
by electromagnetic energy received by the antenna 142.
Although a battery or power source could be included,
they are typically not not included. The antenna is also
adapted to send and receive data by use of the transmit-
ter 130 and receiver 128. The document may receive a
signal from an external data terminal or reader which
requests data or information stored in the memory 126.
In some embodiments, the document may need to re-
ceive a special security code of cryptographic key before
the document will respond to a request for data or infor-
mation. The security module may be used to authenticate
a request. The security module may also be used to en-
crypt or decrypt data stored within the memory 126. Once
a request for data is authenticated, the document may
transmit the requested data using the transmitter 130 and
the antenna 142.
[0057] The interface 172 may be used to control the
data or image displayed on the display. For instance, the
interface could be a touch sensitive interface. As an op-
erator drags a finger across the interface, the perspective
view of a photograph could change. Instead of a single
two dimensional photograph being used for an identity
card, multiple images could be stored in the memory 126
and recalled depending upon control signals received
from the interface 172. The CPU 156 may receive control
signals from the interface 172. The control signals are
then used to select image data contained within the mem-
ory 126 using a selection criteria that programmed into
the computer program product 110. As was described
previously, the interface 172 may incorporate a biometric
sensor and/or touch sensitive interface.
[0058] Figure 4 shows a document 174 according to
an embodiment of the invention. The document 174 was
formed using the substrate 158 which is shown in figure
3. The document has an integrated display 160. Adjacent
to the integrated display 160 is an interface 172. Also on
the document 174 is a printed region 176. The document
174 may contain more than one printed region 176. In
the printed region 176 information, symbols, or markings
are printed on the document 174. The printed region 176
may contain, but is not limited to, a name 178, a marking
indicating validity of the document 180, a signature 182,
and/or machine readable markings 184. The display may
cover the entire surface or most of the surface of the
document. In this case, the display its self may function
as the document. All of the information in the printed re-
gion could be represented on the display. If the display
were a bistable display or electronic paper display then
the document could display information even when not
powered.
[0059] A validity marking 180, as used herein, is a
marking which indicates the validity of the document and
may include such information as a date or it may be a
symbol which is used to indicate official validity of the
document. The machine readable markings 184 may al-
so be readable by a human or they may be exclusively

machine readable. With such a document as is shown in
figure 4, a variety of different information can be displayed
on the integrated display 160. The information that is dis-
played on the integrated display 160 may be controlled
by a computer program product. The interface 172 may
also be used to control what is displayed on the integrated
display 160. For instance the interface 172 may be a
touch sensitive pad. By touching and moving a user’s
finger or stylus, e.g., a stylus of a PDA, around on the
interface 172 the view of what is shown on the integrated
display 160 may change. For instance, different views of
the same person may be displayed. The interface 172
could also control a menu system which is used to control
what sort of information is displayed on the integrated
display 160. Furthermore the interface 172 could be used
to verify biometic features. For example the interface 172
could include a fingerprint sensor and/or touch sensitive
pad as was described previously with respect to figure 3.
[0060] Figure 5 shows a block diagram of one embod-
iment of data terminal 100 and of electronic device 102,
which is integrated into an identity document 114. The
identity document is illustrated as a passport in a sche-
matic, perspective view and features a zone with ma-
chine-readable printed data 116. Integration of the elec-
tronic device into the identity document can be done, for
example, by embedding it into the cover page or the main
page of a passport.
[0061] Both electronic device 102 and data terminal
100 can have a contactless interface 142 or 142’, which
is connected to both a transmitter 130 or 130’ and a re-
ceiver 128 or 128’ and facilitates the contactless com-
munication between data terminal and electronic device.
Electronic device 102 can feature a memory 126 for a
number of data objects 104. Personal biometric data
such as a photograph, fingerprints, or iris data of the own-
er of identity document 114 can be stored in one or more
of data objects 104. In addition information such as ad-
dress data, date of birth, location of birth, country of birth,
and visa information may be stored in the data objects.
Storage of data objects 104 in memory 126 may follow
the standard series 9303 "Machine-readable Travel Doc-
uments" of the International Civil Aviation Organization,
ICAO. Under the designation "Logical Data Structure"
(LDS), the ICAO defines a file system that conforms to
the chip card standard ISO 7816-4 as well as an inter-
operable structure of the data objects stored in this file
system.
[0062] Data terminal 100 can be programmed with
computer-executable instructions 124’, which allow it to
read data objects 104 stored in memory 126 of electronic
device 102 via contactless interfaces 142’ and 142. To
protect the personal biometric data, in particular, from
unauthorized readout, electronic device 102 can have
program instructions 124, which permit read access on
data objects 104 only after a successful execution of a
cryptographic protocol with data terminal 100. One such
measure is recommended by the ICAO, which specifies
the support of a number of data protection options as a
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mandatory requirement for the standardized LDS.
[0063] Various types of personal biometric data which
are categorized or attributed to different levels of protec-
tion can be stored in different data objects 104. For ex-
ample, a low level of protection can be attributed to a
photograph, whereas fingerprints or iris data are attrib-
uted to a higher level of protection. The various assess-
ments of levels of protection of different data objects 104
are coded by allocation table 106 of electronic device
102. Each data object 104 in the allocation table is as-
signed a cryptographic protocol 108 of a different security
level. The allocation table can assign free access without
the mandatory implementation of a cryptographic proto-
col to one or a number of data objects 104.
[0064] In operation, electronic device 102 receives a
request for one of the data objects 104 from data terminal
100 via receiver 128 and contactless interface 142.
Thereupon, using allocation table 106, the electronic de-
vice specifies a cryptographic protocol 108, the success-
ful execution of which is set as a condition for read access
of the data terminal to one of the data objects. The elec-
tronic device and the data terminal carry out the crypto-
graphic protocol and, if successful, the electronic device
transmits the data object to the data terminal. Alterna-
tively, data may be displayed on the integrated display
160.
[0065] Electronic device 102 may feature a software
application 110, which includes allocation table 106.
Cryptographic protocol 108 is thus specified by the soft-
ware application, the cryptographic protocol is executed
by the data terminal and the software application, and
the one data object is transmitted by the software appli-
cation. The electronic device can provide an operating
system 112, which, working together with the hardware
of the electronic device, prevents any unauthorized al-
teration or removal of the software application and only
allows access to data objects 104 via the software appli-
cation. In this way, it is possible to manufacture electronic
device 102 on the basis of mass-produced, standardized
hardware, while at the same time the specifications of
the cryptographic protocols which are being used and
the coded allocation of data objects 104 in allocation table
126 can be adapted to cryptographic protocols of varying
requirements. The electronic device can be a Java card
with a virtual Java machine, on which software applica-
tion 110 is installed in the form of a Java Applet.
[0066] Operating system 112 can protect software ap-
plication 110 including allocation table 126 from unau-
thorized alteration or removal, while at the same time
provide an administrator function 140, which allows al-
teration or removal of the software application following
authentication as administrator of electronic device 102.
The administrator function is especially advantageous
because the electronic device can be adapted to revised
requirements instead of being replaced by a new elec-
tronic device. Revised requirements can pertain, for ex-
ample, to improved cryptographic protocols 108 or a re-
vised classification of levels of protection of different data

objects 104.
[0067] Various encryption protocols 109 can also be
assigned to different data objects in allocation table 106,
according to which electronic device 102 and data termi-
nal 100 can encrypt their communication. Encryption is
particularly advantageous, since it allows third parties to
be prevented from monitoring the contactless communi-
cation between the electronic device and the data termi-
nal.
[0068] Electronic device 102 and data terminal 100
may have suitable cryptographic keys 118, 120 and 146,
which are used in executing various cryptographic pro-
tocols.
[0069] Data terminal 100 can derive another device-
specific key for electronic device 102 from machine-read-
able printed data 116, e.g., directly from or by hashing
the machine-readable printed data 116, partly or as a
whole. Alternatively, if the integrated display 160 is a bist-
able display, the machine-readable data may be dis-
played on the integrated display. To this end, the data
terminal may be provided with an optical sensor to read
printed data 116. A symmetrical key for communicating
with electronic device 102 can thus be obtained from the
data recorded in this manner. In one embodiment, data
116 is used as a symmetrical key. This symmetrical key
can be stored in unprotected or protected form in elec-
tronic device 102. Alternatively, electronic device 102 is
designed in such a way that, if needed, it can generate
this symmetrical key from data 116 also electronically
stored in electronic device 102.
[0070] A general key 146 or 146’ can also be used,
which is known to both the electronic device and data
terminal 100. The data terminal may also be provided
with an asymmetrical pair of keys from public 118 and
private 120 keys, whereby it transmits its public key to
the electronic device as part of a cryptographic protocol.
The public key can be provided with a digital signature
122, which allows it to verify the authenticity of the key
118 by means of a certificate chain.
[0071] General key 146’ can be used from data termi-
nal 100, for example, in order to generate the additional
symmetrical key from optically recorded data 116. To this
end, general key 146’ and data 116 are associated to
each other.
[0072] There is an integrated display 160 coupled to
the electronic device 102. The memory 126 may contain
data for being displayed on the integrated display 160.

List of reference numerals

[0073]

100 Data terminal
102 Electronic device
104 Data objects
106 Allocation table
108 Cryptographic protocol
109 Encryption protocol
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110 Software application
112 Operating system
114 Identity document
116 Machine-readable printed data
118 Public key
120 Private key
122 Digital signature
124, 124’ Computer-executable instructions
126 Memory [storage]
128, 128’ Receiver
130, 130’ Transmitter
132 Power block
140 Administrator function
142, 142’ Contactless interface
146, 146’ General key
148 Computer program product
150 Image data
152 Contacts
154 Integrated circuit
156 Central Processing Unit
158 Substrate
160 Integrated display
162 Display driver
164 Electronic circuit
166 Display component
168 Circuit component
170 Security module
172 Interface
174 Document
176 Printed region
178 Name
180 Validity marking
182 Signature
184 Machine readable markings
186 word line
188 conductor

Claims

1. A method of manufacturing a document (114, 174),
the document having an integrated display (160),
wherein the document comprises multiple layers,
wherein at least one of the multiple layers comprises
a substrate (158), wherein the substrate carries the
integrated display, wherein the substrate carries an
electronic circuit (164) coupled to the integrated dis-
play, wherein the integrated display comprises a dis-
play component (166, 186), wherein the electronic
circuit comprises a circuit component (168, 188),
wherein the method comprises:

- providing the substrate (1000);
- performing a process step for forming the dis-
play component and the circuit component
(1002) on the substrate, wherein the integrated
display is manufactured using a conductive pol-
ymer, wherein the process step is printing the

conductive polymer, wherein the integrated dis-
play is an active matrix display, wherein the
process step is used to manufacture transistors
in the active matrix display, and wherein the
process step is used to manufacture transistors
in the circuit component; and
- forming the document using the substrate
(1004).

2. The method of claim 1, wherein the integrated dis-
play comprises a display driver (162).

3. The method of claim 1 or 2, wherein the document
comprises a processing means (156) for processing
data, and wherein the document comprises a data
storage means (126) coupled to the processing
means.

4. The method of any one of the preceding claims,
wherein the circuit component is any one of the fol-
lowing: a transistor, a diode, a capacitor, a conduc-
tor, a resistor, an insulator, an electrode, a portion
of a transistor, a portion of a diode, and a portion of
a capacitor.

5. The method of any one of the preceding claims,
wherein the process step is used to hardwire a se-
curity code, cipher, or cryptographic key into the doc-
ument.

6. The method of any one of the preceding claims,
wherein the substrate carries an electrical attach-
ment (152) for at least one integrated circuit (154).

7. The method of any one of the preceding claims,
wherein the document contains an inductive or a ca-
pacitive antenna (142), wherein the antenna is
adapted for powering the document using electro-
magnetic radiation.

8. The method of any one of the preceding claims,
wherein the document is any one of the following:
an identity document, a monetary instrument, a me-
dium of exchange, a means of payment, a certified
document, a seal, a bank debit card, a bank card, a
credit card, a passport, an ID card, a banknote, a
visa, a driving license, a residence permit, an author-
ization permit, a banknote, a company ID card, a
registration document, a vehicle registration docu-
ment, a vehicle title, a property title, a chipcard, a
smart card, a waybill, and a bill of lading.

9. The method of any one of the preceding claims,
wherein the substrate is any one of the following:
paper, rigid plastic, flexible plastic, glass, and metal
foil.

10. The method of any one of the preceding claims,
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wherein the integrated display is manufactured such
that the integrated display is adapted to, upon elec-
tric and / or electromagnetic excitation, at least one
of: emit light of a predetermined spectrum, emit a
predetermined temporal spectral curve, and exhibit
a predetermined absorption characteristic.

11. The method of any one of the preceding claims,
wherein the integrated display is an organic light
emitting diode display.

12. A document (114, 174) with an integrated display
(160), wherein the document comprises multiple lay-
ers, wherein at least one of the multiple layers com-
prises a substrate (158), wherein the substrate car-
ries the integrated display, wherein substrate carries
an electronic circuit (164) coupled to the integrated
display, wherein the integrated display comprises a
display component (166, 186), wherein the electron-
ic circuit comprises a circuit component (168, 188),
wherein at least one structure that forms a portion
of the display component is formed on the substrate
using a conductive polymer, and wherein at least
one structure that forms a portion of the circuit com-
ponent is formed on the substrate using the conduc-
tive polymer, wherein the integrated display is an
active matrix display, wherein the active matrix dis-
play comprises transistors formed from the conduc-
tive polymer, and wherein the circuit component
comprises transistors formed from the conductive
polymer.

Patentansprüche

1. Verfahren zum Herstellen eines Dokuments (114,
174), wobei das Dokument eine integrierte Anzeige
(160) aufweist, wobei das Dokument mehrere
Schichten umfasst, wobei mindestens eine der meh-
reren Schichten ein Substrat (158) umfasst, wobei
das Substrat die integrierte Anzeige trägt, wobei das
Substrat eine elektronische Schaltung (164) trägt,
die mit der integrierten Anzeige gekoppelt ist, wobei
die integrierte Anzeige eine Anzeigekomponente
(166, 186) umfasst, wobei die elektronische Schal-
tung eine Schaltungskomponente (168, 188) um-
fasst, wobei das Verfahren umfasst:

- Bereitstellen des Substrats (1000);
- Durchführen eines Verarbeitungsschritts zum
Ausbilden der Anzeigekomponente und der
Schaltungskomponente (1002) auf dem Subst-
rat, wobei die integrierte Anzeige unter Verwen-
dung eines leitenden Polymers hergestellt wird,
wobei der Verarbeitungsschritt das Drucken des
leitenden Polymers beinhaltet, wobei die inte-
grierte Anzeige eine Aktivmatrixanzeige ist, wo-
bei der Verarbeitungsschritt verwendet wird, um

Transistoren in der Aktivmatrixanzeige herzu-
stellen, und wobei der Verarbeitungsschritt ver-
wendet wird, um Transistoren in der Schaltungs-
komponente herzustellen; und
- Ausbilden des Dokuments unter Verwendung
des Substrats (1004).

2. Verfahren nach Anspruch 1, wobei die integrierte An-
zeige einen Anzeigentreiber (162) umfasst.

3. Verfahren nach Anspruch 1 oder 2, wobei das Do-
kument eine Verarbeitungseinrichtung (156) zum
Verarbeiten von Daten umfasst, und wobei das Do-
kument eine Datenspeichereinrichtung (126) um-
fasst, die mit der Verarbeitungseinrichtung gekop-
pelt ist.

4. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Schaltungskomponente irgendeines
der folgenden ist: ein Transistor, eine Diode, ein Kon-
densator, ein Leiter, ein Widerstand, ein Isolator, ei-
ne Elektrode, ein Abschnitt eines Transistors, ein Ab-
schnitt einer Diode oder ein Abschnitt eines Konden-
sators.

5. Verfahren nach einem der vorangehenden Ansprü-
che, wobei der Verarbeitungsschritt verwendet wird,
um einen festen Sicherheitscode, eine feste Chiff-
rierung oder einen festen kryptographischen Schlüs-
sel in das Dokument einzusetzen.

6. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das Substrat einen elektrischen An-
schluss (152) für mindestens eine integrierte Schal-
tung (154) trägt.

7. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das Dokument eine induktive oder kapa-
zitive Antenne (142) enthält, wobei die Antenne dafür
ausgelegt ist, das Dokument unter Verwendung
elektromagnetischer Strahlung mit Leistung zu ver-
sorgen.

8. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das Dokument eines der folgenden ist:
ein Ausweisdokument, ein Finanzinstrument, ein
Tauschmittel, ein Zahlungsmittel, eine Urkunde, ein
Siegel, eine Bankdebitkarte, eine Bankkarte, eine
Kreditkarte, ein Pass, eine Ausweiskarte, eine Bank-
note, ein Visum, ein Führerschein, eine Aufenthalts-
genehmigung, eine Vollmacht, eine Banknote, eine
Firmenausweiskarte, ein Registrierungsdokument,
ein Fahrzeugzulassungsdokument, ein Fahrzeug-
brief, ein Eigentumstitel, eine Chipkarte, eine Smart-
card, ein Frachtbrief oder ein Lieferschein.

9. Verfahren nach einem der vorangehenden Ansprü-
che, wobei das Substrat eines der folgenden ist: Pa-
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pier, steifer Kunststoff, flexibler Kunststoff, Glas oder
Metallfolie.

10. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die integrierte Anzeige so hergestellt
wird, dass die integrierte Anzeige nach elektrischer
und/oder elektromagnetischer Anregung zumindest
zu einem der Folgenden in der Lage ist: Licht eines
vorgegebenen Spektrums emittieren, eine vorgege-
bene temporäre Spektralkurve emittieren oder eine
vorgegebene Absorptionseigenschaft zeigen.

11. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die integrierte Anzeige eine organische
Leuchtdiodenanzeige ist.

12. Dokument (114, 174) mit einer integrierten Anzeige
(160), wobei das Dokument mehrere Schichten um-
fasst, wobei mindestens eine der mehreren Schich-
ten ein Substrat (158) umfasst, wobei das Substrat
die integrierte Anzeige trägt, wobei das Substrat eine
elektronische Schaltung (164) trägt, die mit der inte-
grierten Anzeige gekoppelt ist, wobei die integrierten
Anzeige eine Anzeigekomponente (166, 186) um-
fasst, wobei die elektronische Schaltung eine Schal-
tungskomponente (168, 188) umfasst, wobei min-
destens eine Struktur, die einen Abschnitt der An-
zeigekomponente bildet, unter Verwendung eines
leitenden Polymers auf dem Substrat ausgebildet ist,
und wobei mindestens eine Struktur, die einen Ab-
schnitt der Schaltungskomponente bildet, unter Ver-
wendung des leitenden Polymers auf dem Substrat
ausgebildet ist, wobei die integrierte Anzeige eine
Aktivmatrixanzeige ist, wobei die Aktivmatrixanzei-
ge Transistoren umfasst, die aus dem leitenden Po-
lymer gebildet sind, und wobei die Schaltungskom-
ponente Transistoren umfasst, die aus dem leiten-
den Polymer gebildet sind.

Revendications

1. Procédé de fabrication d’un document (114, 174), le
document ayant un affichage intégré (160), où le do-
cument comprend des couches multiples, où au
moins une des couches multiples comprend un
substrat (158), où le substrat supporte l’affichage in-
tégré, où le substrat supporte un circuit électronique
(164) couplé à l’affichage intégré, où l’affichage in-
tégré comprend un composant d’affichage (166,
186), où le circuit électronique comprend un compo-
sant de circuit (168, 188), où le procédé comprend :

- la fourniture du substrat (1000) ;
- l’exécution d’une étape de traitement pour for-
mer le composant d’affichage et le composant
de circuit (1002) sur le substrat, où l’affichfage
intégré est fabriqué en utilisant un polymère con-

ducteur, où l’étape de traitement est l’impres-
sion du polymère conducteur, où l’affichage in-
tégré est un affichage à matrice active, où l’éta-
pe de traitement est utilisée pour fabriquer des
transistors dans l’affichage à matrice active, et
où l’étape de traitement est utilisée pour fabri-
quer des transistors dans le composant de
circuit, ; et
- la formation du document en utilisant le subs-
trat (1004).

2. Procédé selon la revendication 1, dans lequel l’affi-
chage intégré comprend un pilote d’affichage (162).

3. Procédé selon la revendication 1 ou la revendication
2, dans lequel le document comprend un système
de traitement (156) pour traiter les données, et dans
lequel le document comprend un système de stoc-
kage de données (126) couplé au système de trai-
tement.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le composant de circuit est
un dispositif quelconque parmi les suivants : un tran-
sistor, un condensateur, un conducteur, une résis-
tance, un isolant, une électrode, une partie de tran-
sistor, une partie de diode, et une partie de conden-
sateur.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’étape de traitement est
utilisée pour câbler un code de sécurité, un langage
chiffré ou une clé cryptographique dans le document.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le substrat supporte une
fixation électrique (152) pour au moins un circuit in-
tégré (154).

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le document contient une
antenne inductive ou une antenne capacitive (142),
où l’antenne est adaptée pour alimenter le document
en utilisant un rayonnement électromagnétique.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le document est un docu-
ment quelconque parmi les suivants : un document
d’identité, un instrument monétaire, un moyen
d’échange, un moyen de paiement, un document
certifié, un sceau, une carte de débit bancaire, une
carte bancaire, une carte de crédit, un passeport,
une carte d’ID, un billet de banque, un visa, un permis
de conduire, un permis de résidence, un permis
d’autorisation, un billet de banque, une carte d’ID
d’entreprise, un document d’enregistrement, un do-
cument d’enregistrement de véhicule, un titre pour
véhicule, un titre de propriété, une carte à puce, une

19 20 



EP 2 471 027 B1

12

5

10

15

20

25

30

35

40

45

50

55

carte à puce en matière plastique, une feuille de rou-
te et un bon de chargement.

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le substrat est un élément
quelconque parmi les suivants : du papier, du plas-
tique rigide, du plastique souple, du verre et une
feuille de métal.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’affichage intégré est fa-
briqué de telle manière qu’il est adapté, lors d’une
excitation électrique et/ou électromagnétique, pour
l’une des actions parmi : émettre de la lumière d’un
spectre prédéterminé, émettre une courbe spectrale
temporelle prédéterminée, et présenter une carac-
téristique d’absorption prédéterminée.

11. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’affichage intégré est un
affichage à diode émettant une lumière organique.

12. Document (114, 174) doté d’un affichage intégré
(160), où le document comprend des couches mul-
tiples, où au moins une parmi les couches multiples
comprend un substrat (158), où le substrat supporte
l’affichage intégré, où le substrat supporte un circuit
électronique (164) couplé à l’affichage intégré, où
l’affichage intégré comprend un composant d’affi-
chage (166, 186), où le circuit électronique com-
prend un composant de circuit (168, 188), où au
moins une structure qui forme une partie du compo-
sant d’affichage est formée sur le substrat en utilisant
un polymère conducteur, et où l’au moins une struc-
ture qui forme une partie du composant de circuit est
formée sur le substrat en utilisant le polymère con-
ducteur, où l’affichage intégré est un affichage à ma-
trice active, où l’affichage à matrice active comprend
des transistors formés à partir du polymère conduc-
teur, et où le composant de circuit comprend des
transistors formés à partir du polymère conducteur.
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