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fields of private and public life. Their efficiency can be increased stil
further by using nodern integrated circuits, since by inplenenting
application-specific functions in the chip the field of application of chip
cards can be extended to the followi ng fields exceeding the sphere of
identifi- cation and tel ecommunications: in the public health service e.g.
by the insured person's card, the patient s data card and the energency

card. In the field o 0 ni cation, rds ed_f controlling
access to conndﬁ?gg?%oﬁ°£2¥ Rglgﬂdc? ggg 6 ngﬂfésag gel as for
data encryption and dabnrpspondingnConnapayesatChLQneanﬂions chip cards are
very suitable to be used as cheque cards, credit/debit cards, electronic

purses and for charge accounting for local traffic and on toll roads. In
addition, chip cards are well suited for access control and identifi-

cation purposes, e.g. for pay TV, ptgtgipeibhne services or production
control.

Technical Field

The present invention relates to a method of producing

contactless chip cards including at least one chip and to a
contactless chip card.

A great number of chip cards is nowadays already used in all
fields of private and public life. Their efficiency can be
increased still further by using modern integrated circuits,
since by implementing application-specific functions in the
chip the field of application of chip cards can be extended
to the following fields exceeding the sphere of identifi-
cation and telecommunications: in the public health service
e.g. by the insured person’s card, the patient’s data card
and the emergency card. In the field of communication, chip
cards can be used for controlling access to communication
networks and for service payments as well as for data
encryption and data protection. In payment transcations chip
N cards are very suitable to be used as cheque cards,
credit/debit cards, electronic purses and for charge
accounting for local traffic and on toll roads. In addition,
chip cards are well suited for access control and identifi-

cation purposes, e.g. for pay TV, leisure time services or
production control.

At present, integrated storage circuits as well as micro-
controllers are used for chip cards. Furthermore, crypto-
controllers having provided therein an encryption key or an
encryption algorithm are used for chip cards. The data
exchange is carried out by means of the contact surfaces
with a reader or contactless by capacitive or inductive



At present, integrated storage circuits as well as mcro- controllers are
used for chip cards. Furthernore, crypto- controllers having provided
therein an encryption key or an encryption algorithmare used for chip
cards. The data exchange is carried out by means of the contact surfaces

with a reader or contactless by capacitd ve or inductive - 2-
transm ssion. The efficiency of nodern chip card systens requires a
conti nuously increasing . caonplexity nd necessjiates an_ increasing

degree of tFAREYLEEioR: 1The i gffjcisncy mogexyy ¢ fhaPniGASAiInPYEErBaer y
were usedrefuiresw t@er e dentdlrfubusldevel Dididds iy\ar dsomplexLeypl exnayst ens
necessitating a.ﬂigroconttoller w th.a greatfvar'gt¥ gt glf etgnglaunctlons
and coi | s"PEPSESRRLEE) 88 1PGRRARLRY: AGATee of inteégration. Initially,
only memories with a minimum periphery were used, but now
there is also a development towards more complex systems
necessitating a microcontroller with a great variety of
different functions and coils for contactless communication.

Prior Art

" In the case of the known contactless chip cards one or a
plurality of coils, which are connected to the chip, are
integrated in the card body. The energy and the data are
transmitted by capacitive or inductive coupling. For pro-
ducing this chip card, the so-called "inlet technique" is
used. According to this technique, the coil and the chip are
applied to a plastic carrier and fixed thereon. This carrier
is then integrated in the actual chip card. This can be done
by enclosing the carrier with the chip card material by
injection moulding or by laminating it. After assembling the

carrier and the card, the carrier constitutes an integral
component of the chip card.

% As is generally known, carrier foils are used as carriers on
which wound, etched or printed coils are formed. In the case
of wound coils, a backlack wire is wound so as to form a
coil and is then connected to the chip. Disadvantages of
this method are primarily the difficult application of the
coil to the chip card and the connections between the thick
wires of the coil and the naked chip.

In comparison with such wound coils, the etched and printed
coils on the carrier foil offer the advantage that the con-
ductor tracks are an integral component of the carrier foil.
The chip is then connected to the coil by wire bonding or by
means of the flip-chip technique. Subsequently, the carrier
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thermal and the mechanical stability and, consequently, with
regard to the service life of the chip card. In particular,

the temperatures prevailing when the carrier is enclosed
with the chip card material by injection moulding have a
negative effect on the function of the expensive semicon-
ductor chips. Furthermore, mistakes in the injection
moulding process, i.e. mistakes in a comparatively economy-
priced plastic component, will have the effect that the card
including the expensive semiconductor chip becomes a reject.

DE 44 41 122 discloses e.g. a method for producing contact-
less chip cards in the case of which a foil material of
approx. 50 pm thickness is coated with electrolytic copper
which is used for producing therefrom an antenna coil with
connecting areas by means of photoetching. Furthermore, the
foil material is provided in a stamping process with an
indented chip reception area and a stepped connection zone
following this chip reception area. The chip is then secured
in position in this reception area by means of an adhesive
N\ and its pads are connected to the connecting areas of the
antenna winding by means of bonding wires. Following this,
the thus equipped foil 1is stuck on both sides thereof
between two plastic layers of identical thickness, with the
exception of the chip reception area; these plastic layers
are formed as cups around the chip reception area by means
of approximately symmetric recesses. This method requires,
however, an additional stamping process for the chip

reception area and a complicated laminating and coating
process.
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this, method are prinarily the difficult application of the coil to the chip
card and the connections between the thick wires of the coil and the naked
chip. In conmparison with such wound coils, the etched and pri %I S on
the carrier foil offer the advant age that the con- ducto

integral component of the carrier foit.4The chip is thenf BSineidEIdHAS BERY
coil by wire bonding or by means of the flip-chip technijue. 8&Bb&GRIENt |y,

the carrier plLace I’Jt page 3) In particular, the
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material by |nject|on noul di ng have a negatlve effect on the function of
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object 'of the present invention to provide a contactless

chip card and to further develop a method for producing a
contactless chip card in such a way that the chip card,
primarily the coil, can be produced in a simple and

economy-priced manner and is both mechanically stable and
reliable.

The solution provided by the present invention for solving
this task consists of a method for producing contactless
chip cards according to the features of claim 1 and of a
contactless chip card according to claim 16. Preferred
embodiments are disclosed in the subclaims.

In the method according to the present invention, an
electrically insulating card body provided with one or a
plurality of recesses on one card body side is first
produced. Subsequently, at least one conductor track
according to a predeterminable conductor track pattern is
applied directly to the surface of the card body side
including at least one recess. Following this, one or a
plurality of chips or electronic components are aligned in

N at least one of these recesses and connected to the con-
ductor tracks in an electrically conductive manner.

In one embodiment of the present invention, the card body
provided with one or a plurality of recesses is produced in
a single operating step. This is preferably done by means of
injection moulding, whereby the <card body will be
implemented as a one—piecé component. Materials that can be
used for this purpose are preferably thermoplastic

materials, e.g. PVC, ABS (acrylonitrile-butadiene styrene)
or polycarbonates.

In a further embodiment, the conductor tracks are applied
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operating step, the conductor +tracks being impressed
according to a predetermined pattern on the surface areas,
especially also on surface areas within at least one of the
recesses, by application of pressure and temperature.

The use of a heated embossing punch, e.g. a steel printing
block, having the conductor track pattern applied thereto as
a relief, is particularly suitable for this purpose. By
means of this punch conductor tracks are punched out of a
conductor foil, e.g. a copper foil, according to the
conductor track pattern and simultaneously impressed on the
surface of the card body side including the recesses.
According to a preferred embodiment of the present
invention, the conductor tracks are caused to adhere to the
card body surface by means of a layer of adhesive provided
on the lower side of the conductor £foil, the adhesive
material being adapted to the temperature and the pressure

during the impressing process in an advantageous manner.

N According to a preferred embodiment of the present
invention, both the production of the card body, which is
preferably carried out by injection moulding with a thermo-
plastic material, and the application of at 1least one
conductor track according to a conductor track pattern to
the card body surface including the recesses or depressions,
are performed in a single operating step. Due to this mini-
mum of production steps, a particularly economy-priced pro-
duction and, consequently, a production of high numbers of
pieces can be realized. An additional advantage is the high
mechanical and thermal stability, since, firstly, the card
comprising the card body and the card body provided with
conductor tracks is formed of very few layers (minimum two
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are formed as cups around the chip reception area by neans %%%approxinately
symretric recesses. This method requires, however, an addiff '5I¢§ianping

process for the chip reception area and a conplicated Iaﬁnmnsr E?Q9“53EEN
coating process. WO 97/ 26620 discloses a chip card body flor Pr.R pﬁg' a
chip card including a coil, the chip‘cérd body bei ng prow-ded—wt reces
having a chip arranged therein. The coil netallization extends in the form

0o, SO el EL SELORANE bl ocoil. | {F SUMSELE PO hd ouoh
t he condusecondlygktieesomducdpiretoradksuate t Appléedsslireadd yofta hehehi p
are in elgeliheale CORNAC! MAdbdd¥ntly mechanically and primarily
thermally stable card body. According to one embodiment of
the present invention, the conductor track pattern is
implemented as a coil which functions like an antenna for
the contactless transmission of energy and/or data.

7

The recesses and depressions incorporated in the card body
have the advantage that they permit the chips to be
installed in the so-called naked-chip mounting process.
Naked-chip mounting means that the naked chip, i.e. the
unhoused chip, is installed. If a chip with a housing were
installed, the chip would project above the recess due to
the markedly greater height of the housed chip and would
therefore entail a great variety of disadvantages.

Preferably, the depth of the recesses is chosen such that
the wunhoused chips contacted to the impressed conductor
tracks do not project above the depression. In one embodi-
ment of the present invention, the pads required for
mounting the chip are impressed or formed simultaneously
with the application of the conductor tracks. These pads are
therefore an integral component of the conductor tracks
Y impressed according to a conductor track pattern.

The present invention can be used in a very flexible manner.
Depending on the respective field of use of the card, the
pad geometries which often vary according to the field of
use can be realized in a simple manner and, depending on the
arrangement of these pads, the most suitable contacting
technique for the chips can be used, e.g. the wire bonding
technique, glueing or the flip-chip technique. The flip-chip

technique additionally offers the advantage of requiring
little space.

According to a further embodiment of the present invention,
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conductor track via bonding wires. Furthernore, it is su Fﬁ%&dﬁﬂing
to this publication that direct contacting of the ChlﬁHHVSHEaPﬁASIB -
bunp techni que shoul d be used. Starting fromthe above-d scrlm bgﬁr
it is the object of the present invention to provide a cbmtaetiess

card and to further devel op a method=fdr =produci ng a contactless chip card
In such a way that the Chlp card, primrily the coil, can be produced
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subcl ai nsaceardhngntehslicacondyichen dnask mattain, rieht i by, the shape
of the embossing punch, and they are provided with a

metallization layer by means of one of the impressed
conductor tracks.

Bumps also have the advantage that they can be used for
adjusting a minimum distance to the (base) surface in the
recesses, whereby the risk of destroying the chip when the
chip is being aligned and contacted is substantially
reduced. In addition, it is then not necessary that. this
distance control is carried out by the contacting means.

According to a further embodiment, the recesses provided
with chips are filled with an encapsulating material, e.g. a
plastic material or a resin, for protecting the chip against
environmental influences and for increasing the service life
of the card in this way. In the case of conventional card
thicknesses, the use of unhoused chips will then have the
effect that the contacted chips do not project above the
recess and that, when the recess has been filled with an
encapsulating material, each chip will be hermetically

N sealed and the card surface including the recess will show
neither any depressions. nor any raised portions.

Another embodiment includes the method step that the card
body side which is not provided with recesses has applied a
label thereto. This label can, for example, be applied by
printing and/or it can be formed from the card body material

by embossing and, if desired, it can be dyed with different
colours.

Preferably, the method step of applying the label is carried
out after the production of the card body with the recesses,
but before the conductor tracks according to the conductor
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electrically insulating card body provided with one or a plurality of
recesses on one card body side is first produced. Subsequently, (end of
repl acenent page 3) (begin of replacenent page 4) at | east one- conductor
track according to a predeterninable conductor track pattern is applied
directly to the surface of the card body -side including at |east one
recess. Following this, one or a plurality of chips or electronic

conponents are aligned in at | east, one of tqgse receﬁigs ard c?nnegted to
the condut¥8fkt patkernnaze appdiedcaThe @Rplifiakticn dhndetabel pryior

Accor di ngtbo cont agitdsgntthenvenipsnofifemss the ysedtf @dvantage that a
heat load, a chemical load and/or a mechanical load, such as

e.g. pressure, bending, torsion, entailed by the application

of a lable are avoided. In principle, the label can,
however, also be applied after mounting of the chip on the
conductor tracks. According to a further embodiment, the
conductor track pattern is designed in such a way that and

the recesses are positioned in such a way that there will a
sufficient amount of space for applying a label also on the

card surface including the recesses outside of these

_ recesses and outside of the conductor tracks which are to be

applied or which have been applied according to the con-
ductor track pattern.

A particularly advantageous embodiment of the present
invention is an embodiment in which the card body is pro-
vided with a label during the injection moulding process,
whereby a one-piece card body with an integrated label will
be obtained. This will at least have the effect that an
otherwise necessary method step for labelling can be

dispensed with, and is therefore an especially economy-
priced course of action.

N Further advantages of the method according to the present
invention and of the chip card according to the present
invention are referred to hereinbelow.

The present invention permits on the basis of very few
method steps the production of a card body which includes at
least one recess, especially by injection moulding the card
body by means of thermoplastic materials, and which has a
structured metallization applied to the card surface
including the recess. This allows a simple and economy-
priced production of cards in high numbers of pieces. In
addition, the chip cards produced according to the present
invention are characterized by a high mechanical stability



contacting the chips. These punps are preferably forned fromthe card-body
pl asti.c material simnmultaneously with the application of the conductor
tracks according to the conductor track pattern, e.g. by the shape of the
enbossi ng punch, and they are provided with a nmetallization |ayer by neans
of one of the inpressed conductor tracks.- Bunps al so have the advant age
that they can be used for adjusting a mninmmdistance to the (base)
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Material s that can”be :
materials will not arise in the case of the chip card
according to the present invention. Furthermore, it is not
necessary to use an intermediate carrier for the coil in
this kind of chip card. Another advantage is the possibility

of using the flip-chip technique for contacting the chip,
which means that the advantages of a simple sequence of
process steps and of a small overall height can be utilized.
Moreover, a wire-bondable metallization is not necessary in
this case. A further advantage is that the expensive and
sensitive chips are incorported in the card body only in a
very late method step and are therefore exposed to
detrimental thermal, chemical and physical loads to a much
lesser degree by the few method steps which may perhaps be
carried out afterwards. In particular, the chips are not
exposed to the thermal load of an injection-moulding process
according to the present invention. This guarantees, in the
final analysis, a lower reject rate and a higher reliability

as well as a longer service life of the cards produced.

N Making reference to respective embodiments, the present
invention will be described in the following on the basis of
drawings, in which:

Fig. 1 shows a top view of a chip card (1) (surface
including the recess) with a coil (2) with ten coil
windings and a chip (4) embedded in a recess (3),

Fig. 2 shows a side view of the chip card (1) according to
Fig. 1 (section parallel to the longer card edge

through the recess (3); section A-B),

Fig. 3 shows an enlarged detail of the recess (3) with a



used. for this purpose are preferably thernoplastic materials, e.g.
PVC, ABS (acrylonitrile-butadiene styrene) or polycarbonates. In a further
enbodi ment, the conductor tracks are applied according to a predeterm nable
conductor track pattern to the surface of the card side including at |east
one recess, the conductor tracks beingl8pplied to surface areas outside of
the recesses as well as to surface areas within at |east one of these

recesses. This is preferahly. done . in a siag%g 0 e&ating step, the conduct or
r 4

tracks being i npr §98¢AckeLoFHLRy (4 FCFPE nE#9pafrern on the surface

areas, especially also on surface areas within at |east one of the

recesses, [y appl Lealjoonaql DResSHLE ANCALIPYA Wt LR8sUsEalti8alERt o
enbossi ng pdrich, €.§. a Steel prrating
representation of the recess (3) with a contacted
chip (4), the plane of section being orthogonal to
the plane of section according to Fig. 3 and the

card body surface including the recess.

In one embodiment, the chip card (1) includes precisely a
single recess (3) in which a square chip (4) is aligned and
contacted with the conductor tracks of the coil (2). The
" shape and the size of the recess has been adapted to the
shape of the chip. From Fig. 2 it can be seen that the depth
of the recess has been chosen such that the contacted chip
is fully submerged in the recess, i.e. it does especially
not project above the card surface (7). Fig. 3 shows an
enlarged sectional view (8) of the recess area of the chip
card, the plane of section being orthogonal to the conductor
tracks (conductor tracks extending in the direction of the
normal vector of the sectional area). The bumps (5) formed
from the card body material (1), the material (6) used for
actual contacting, an adhesive or a solder, and the con-
ductor tracks of the coil (2) are clearly visible in this
cross-sectional view. Fig. 4 shows a cross-sectional view
N through the recess with an impressed coil, the plane of
section being orthogonal to the plane of section of Fig. 3
and the card surface including the recess and extending
through the bump (5). From Fig. 4 it can be seen that the
selected conductor track (9) of the coil is impressed
without any interruption on the card surface outside of the
recess (9a) onto the lateral inclined surfaces of the recess
(9b) and on the (base) surface of the recess (9c). At the
location of the bump (5), the conductor track (9) extends
across the bump (5) thus causing a metallization of the bump

(5).

In the case of one embodiment of the method according to the



-8- bl ock, having the conductor track pattern applied thereto as a relief,
is panticularly suitable for this purpose. By neans of this punch conduct or
tracks are punched out of a conductor foil, e.g. a copper foil, according
to the conductor track pattern and sinul taneously inpressed on the surface
of the card body side including the retdsses. According to a preferred
enbodi nent of the present invention, the conductor tracks are caused to

adhere to the card body surface by nmeans of a | ayer. of adhesive provided on
the | ower PEP8ENGf inyentdeaudr BERFUCING adRestAEtifss ihimeFd%d adapt ed

to the tegpedairsth aad stihgler atepifession ngrt Medely essi pErodueedssin Naan
covant egepigsliigh SPCHLIRAT nBLALGY SRR s CLpbniBpese™
repl acenematpagelipolyegrhonateepSubeagnenpiye 8) label can be printed
on the back of the card, i.e. the side or surface of the
card which does not include any depression (nor any raised
portions). In an additional step for producing the card, a
hot embossing foil, which is formed of a copper layer on a
carrier foil, is used for embossing the conductor tracks
according to a conductor track pattern on the surface of the
card body side including the recess (card surface including
the recess), the conductor tracks being especially embossed
on the recess (MID technique: formation of conductor tracks
on a three-dimensionally structured substrate; MID: Molded
Interconnect Device). Typical temperatures and pressure
application times used for this purpose are approx. 130° to
150°C for a few seconds. The pads of the embossed conductor
tracks in the depression of the card have now dispensed
thereon an isotropic-conductive adhesive. Outside of the
pads, a further electrically non-conductive adhesive is
dispensed onto at 1least part of the surface in the
depression for fixing the chip. Following this, the chip is
inserted in the depression, aligned and bonded. For
protecting the chip against environmental influences, the
N depression including the bonded chip is filled with an
encapsulating material (Glob Top). If desired, an additional
layer, e.g. a layer of sealing material, is applied to the
filled depression as a sort of cover. This multi-layer
technique has the advantage that the desired properties can
be adjusted more purposefully and more efficiently by
choosing suitable encapsulating materials.



According to a further enbodi nent, the recesses provided with chips are
fillled with an encapsul ating material, e.g. a plastic material or a resin,
for protecting the chip against environnental influences and for increasing
the service life of the card in this way. In the case of conventional card
t hi cknesses, the use of unhoused chi psléi Fl then have the effect that the
contacted chi ps do not project above the recess and that, when the recess

has been filled with an encapsul ating nateriahabgﬁgﬂ_EDLE____L,be
hernetically seal ed and the card surface incl t he show
nei t her any depressions nor any rai se,d_ap_ﬁgtionsm F‘E‘Em

I ncl udes the nethod step that the card body sid prOV|ded wth
recesses has applied a | abel thereto. This |abel *can, for exanpl e, be
applied by printing and/or it can be formed fromthe card body material by

enbossi ng jand, e t$0d 039 produtdngPe Yntalithksd thip®¥ard comprising
the steps of:

producing an electrically insulating, planar card body
provided with one or a plurality of recesses on one card
body side,

applying at least one conductor track according to a
predeterminable conductor track pattern to the surface
of the card body side including at least one recess, at
least one conductor track being applied to surface areas

outside of recesses as well as to surface areas within
said recesses,

aligning one or a plurality of chips in said recesses

and contacting the chips with at least one conductor
track.

2. A method according to claim 1,

S - characterized in that the production of the card body
with one or a plurality of recesses takes place in a
single operating cycle.

3. A method according to one of the claims 1 or 2,
characterized in that the production of the card body
with one or a plurality of recesses is carried out by
injection moulding.

4. A method according to one of the claims 1 to 3,

characterized in that the card body side which is not
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-9- colours. Preferably, the nethod step of applylngﬂthef%abéT'ls carried

out after the production of the card body wirttr tThe rec ut before the
conductor tracks according to the conductor t ﬁm applied. The

application of a l|abel prior to contactlng th t*the great
advantage that a heat |oad, a chenicalldoad and#of a“mechani cal | oad, such
as e.g. pressure, bending torsion, entail ed by the appllcatlon of a |lable

are avoided. In pr|n0| e. the | abel can, be applied after
mount 1 ng of t REOBHBIoRiEherPeRReat henl AEBiet pubibel thefllo!
5. A method according to one of the claims 1 to 4,
characterized in that the conductor tracks are applied
in a single operating cycle.

6. A method according to one of the claims 1 to 5,

characterized in that the application of the conductor

tracks is effected by applying pressure and temperature.

7. A method according to claim 6,

characterized in that a heated embossing punch is used
for applying pressure and temperature.

8. A method according to one of the claims 1 to 7,

characterized in that the chip is contacted by means of
a flip-chip technique.

9. A method according to one of the claims 1 to 8,

N characterized in that the chip is contacted by means of
a wire-bonding technigue or by means of an adhesive.

10. A method according to one of the claims 1 to 9,

characterized in that a coil is used as a conductor
track pattern.

11. A method according to one of the claims 1 to 10,

characterized in that a thermoplastic material is used
as a material for the card body.

>
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-8- track pattern are applied. The application of a |abel
contacting the chips offers the great advanta

prior to
a

chem cal | oad and/ or a nechanical |oad, such as énding,
torsion, entailed by the application of a |abl Srual mﬂmiFWB” pri nci pl e,
the | abel can, however, also be appli~ed4after M ip on the

conductor tracks. According to a further enbodi nent, the conductor track

pattern is designed in such a way that and Ehe recesses are positioned in

such a way%-hdt Metdod @ocording ook

cdimFade Horl tappl yi ng a

| abel al so on the card surface including the recesses outside of these
recesses and oqutside of. t L£on tor_track hG r Q | i.ed or
whi ch have beéi aarF%%eer zaegigolrrhi%gg?b ?%%g%oﬁsnggéggr ngr Ea?(':‘i?b %é’tq&%rcr?lnﬂ

particul arly ddearshigaobungshedierdinrnsid e thee semduahoamttizaskss wrich

embodi ment i n gy Ghd s R GrP AW fax P d¥eas in the recesses.

13. A method according to one of the claims 1 to 12,

14.

15.

16.

characterized in that, simultaneously with the
application of one or of a plurality of conductor tracks
to the card body surface including the recess or
recesses, plastic bumps are formed in said recesses and
provided with a metallization layer by the conductor
tracks.

A nmethod according to one of the claims 1 to 13,

characterized in that the recesses into which the chips
contacted to the conductor tracks are inserted are
filled with an encapsulating material, e.g. a plastic
material or a resin.

A method according to one of the claims 1 to 14,

characterized in that, prior to contacting the chips,
the card body is provided with a label.

A contactless chip card formed of an electrically
insulating, one-piece card body comprising one or a
plurality of recesses on one card body side, one or a
plurality of conductor tracks according to a
predetermined conductor track pattern, and one or a
plurality of chips, wherein the conductor tracks are
applied directly to surface areas of the card body side
including at least one recess, and the recesses have
arranged therein one or a plurality of chips contacted
with at least one conductor track.

This Sheet Has Been R,
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vided with a | abel during the injection noul ding process, whereby a

one- pi,ece card body with an integrated | abel will be obtain is wll at
| east have the effect that an otherw se necessary net hod st | abel |'i ng
can be dispensed with, and is therefore an espeﬂmn ‘ ﬂgﬂ\iﬁ i ced
course of action. Further advant ages-ol5t ke net he pr esent
I nvention and of the chip card according to the ﬁresent |nvent|on are
referred to hereinbel ow. The present invention permts on the basis of very
few met hod steps the production of a card body which includes at |east one
recess, egpechatbythytlassceéhop savlidadgorengatd Bddymbyepeans of

thernopl astic materials, and which has a structured netallization applied
to the card surface including the recess. This allows a sinple and econony-
priced producthemacterarzed iin htlyat natbekeastf phecevonductadditrack tihe chip

cards produced 3§G@4ditR9 i3 falte RS outside of recesses as well as
to surface areas within said recesses.

18. A contactless chip card according to caim 17,

characterized in that at least one chip is £flip-chip

bonded.
N .
19. A contactless chip card according to one of the claims
16 to 18,
characterized in that the depth of the recesses is
chosen such that the contacted chips do not project
above said recesses.
20. A contactless chip card according to one of the claims
16 to 19,
characterized in that that the recesses are filled with
an encapsulating material.
.

21. A contactless chip card according claim 20,

characterized in that the recesses are filled with an

encapsulating material in such a way that the chips are
hermetically sealed.

22. A contactless chip card according to one of the claims
16 to 21,

characterized in that the recesses are filled with an
encapsulating material in such a way that the card body
surface including the recess or recesses shows neither

This Sheet Has Been Replaced
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invention are characterized by a high nmechanical stability --9- and

reliahility. This is due to the small number the chip
card consists and it is due to the fact that thﬁM@ﬂtzﬂ’L\ \ﬁ s are
0

di'rectly applied to the one-piece card body acc neguct or track

pattern, especially a coil. Hence, probfems caused by inconpatible
materials will not arise in the case of the chip card according to the
present invention. Furthernore, i S not necessary.to use an internediate

carrier for tRBYcERASEH PHF§1RPﬁdn8F 8RY pIeRFasSARE Bher advantage is the
possibility of using the flip-chip technlque for contacting the chip, which

Teans thab g SONANAGES Ofc it S1OBLE SEANEATRG koS SSE SLRRScFAIng'

snmal | over I°1 elg can Rica
16 to 22,

characterized in that the material of the card body is a
thermoplastic material, such as PVC, ABS or
polycarbonate.

N
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Moreover, a wire-bondable netallization is not necessary in this case. A
further advantage is that the expensive and sensitive chips are incorported
in the card body only in a very late nethod step and are therefore exposed
to detrinental thermal, chem cal and physical |oads to a nuch | esser degree
by the few nethod steps which may perhdfs-be carried out afterwards. In
particular, the chips are not exposed to the thermal |oad of an

i nj ection-noul di ng process according to the present invention. This
guarantees, in the final analysis, a lower reject rate and a higher

reliability as well as a |onger serupgeracire of the cards produced. Making
reference to respective enbodi nents, the present invention wll be

described in the followi ng on the basis of drawi ngs, in which: Fig. 1 shows
a top viewof a chip card (1) (surface including the recess) with a coi

(2) Wi th b oolledhpdi098,238,2 A IS L8MEOHEEnbE B¢ °5E55ulPhy a

contactless chip card.

In a first step of the method, a card body with one or a
plurality of recesses on one card body side is produced from
a theremoplastic material, preferably by injection moulding.
Subsequently, conductor tracks corresponding to a coil as a
Y, conductor track pattern are impressed directly onto surface
areas of the card body side including the recesses using a
hot impressing technique. The conductor tracks are impressed
especially also onto surface areas inside the recesses. One
or a plurality of chips are then aligned in the recesses and
contacted with the conductor tracks in the recesses.

The method according to the present invention is

advantageous insofar as it permits a simple production of a

chip card, which requires only a few method steps and is

therefore also economical. Furthermore, such a chip card is

both mechanically stable and reliable, since it comprises

very few individual layers and since the conductor tracks of
N the coil are applied directly to the card body.



Fig. 2 shows a side view of the chip card (1) according to Fig. 1 (section
paral] el to the longer card edge through the recess (3); section A-B), Fig.
3 shows an enlarged detail of the recess (3) with a - 10 - -contacted
chip (4) according to Fig. 2, Fig. 4 kHbws an enl arged detail ;of the
cross-sectional representation of the recess (3) with a contacted chip (4),
the plane of section being orthogonal to the plane of section according to
Fig. 3 and the card body surface including the recess. In one enbodi nent,
the chip card (1) includes precisely a single recess (3) in which a square
chip (4) is aligned and contacted with the conductor tracks of the coi

(2). The
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shape- and. the size of the recess has been adapted to the shape of the chip.
FromFrg. 2 it can be seen that the depth of the recess has been chosen
such that the contacted chip is fully subnerged in the recess; i.e. it does
especially not project above the card Sface (7). Fig. 3 shows an
enl arged sectional view (8) of the recess area of the chip card, the plane
of section being orthogonal to the conductor tracks (conductor tracks
extending in the direction of the normal vector of the sectional area). The
bunmps (5) formed fromthe card body material (1), the material (6) used for
actual contacting, an adhesive or a solder, and the con- ductor tracks of
the coil (2) are clearly visible in this cross-sectional view Fig. 4 shows
a cross-sectional view through the recess with an inpressed coil, the plane
of section being orthogonal to the plane of section of Fig. 3 and the card
surface including the recess and extending through the bunp (5). From Fig.
4 it can be seen that the b
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s€l.ect ed-conductor track (9) of the:coil is inpressed wthout any
interruption on the card surface outside of the recess (9a) onto the

| ateral inclined surfaces of the recess (9b) and on the (base) surface of
the recess (9c). At the location of the bunp (5), the conductor track (9)
extends across the bunp (5) thus causing a netallization of the bunp (5).
In the case of one enbod nt net hod .accqQrding to the pr esent

i nvention NBFlBPG&ugpﬁﬁeaoéoﬁpgéppéggoéﬁpﬁ d8r §10gaPRIE with a single

depr essi onTdtleecMethos prfoducPdodacdng r Sontbempllegsi nChdpi ocCamrdis diamgl
maki ng use of thecgggégggngﬁhgrbghtggkiggrb@ﬂ§%60a§ubsequentIy, a | abel can

be printed on _the surface of the card
whi ch doesPRBLiFABLEde Edig BABEEYsSBRL{nFACaFbHa-s Fgchnology Services

-l\./

Translation of Amendments under Art. 34 PCT
as attached to the IPER




pd}ti%ﬁsy. In an additional step for producing the card,

foil, which is fornmed of a copper layer on a carrier foil,

enbossi ng the conductor tracks according to a conductor t

a hot enbossing
I's used for
rack pattern on

the surface of the card body side including the recess (card surface
I ncluding the recess), the conductor +rhacks being especially enbossed on

the recess (MD technique: formation of conductor tracks

on a

f t he

three-dinensional |y structured substrate; MD: Mlded Interconnect Device).
Typi cal tenperatures and pressure applicatio S used hﬁl“ﬂ@ S purpose

are approx. 130[err]C to 150[err]C for a few S‘ﬂ“m\ﬁl“

enbossed conductor tracks in the depression of

t hereon an isotropic-conductive adhe tside Jf the
el ectrically non-conductive adhesive is dlspensed onto at
surface in the depression for fixing the chip. Follow ng

di spensed
pads, a further
| east part of the
this, the chipis

inserted in the depression, aligned and bonded. For

A method of producing a contactless chip card (1)
comprising the following steps:

producing an electrically insulating, planar card body
provided with at least one recess (3) on one of its main

surfaces, bumps being formed on the base surface of the
recess;

applying at least one conductor track (2) according to a
predeterminable conductor track pattern to the main
surface including the at least one recess (3), at least
one conductor track being applied to surface areas
outside of the at least one recess (3) as well as to
surface areas within the at least one recess (3), and
the at least one conductor track extending across the
bumps (5); and

aligning at least one chip (4) in the at least one
recess (3) and contacting the at least one chip (4) with

the at least one conductor track (2) extending across
the bumps (5).

2. A method according to claim 1, wherein the bumps are
formed integrally with the card body from the card body
material, the card body being produced in a single
operating cycle.

3. A method according to claim 1 or 2, wherein the card
body is produced by injection moulding.

4. A method according to one of the claims 1 to 3, wherein

the card body side which is not provided with recesses



pﬁotehfing the chip against environmental influences, the depression
I ncl udi ng the bonded chip is filled with an encapsul ating material (d ob

Top). If desired, an additional layer, e.g. a LSXEL_QL,§§QLLng—ﬁ&ter|aI, is
applied to the filled depression as a sort of ver m\mayer
techni que has the advantage that the desited proﬁ B “ justed
nore purposefully and nore efficiently by choosi we encapsul ating
mat eri al s. CLAIMS 1. A nethod of producing a contactless chip card (1)
conpri sing thbasoapphiad st épbelpthdwekng an electrically insulating,

pl anar card body provided with at | east one recess (3) on one of its main

s, _bunps being fornmed on the base surface of the
surface "5, WR methog according to one of the claims 1 to 4, wherein

the at least one conductor track (2) is applied in a
single operating cycle.

6. A method according to one of the claims 1 to 5, wherein
application of the at least one conductor track (2) is
effected by applying pressure and température.

7. A method according to claim 6, wherein a heated

\/} embossing punch is used for applying pressure and
temperature.

8. A method according to one of the claims 1 to 7, wherein
the chip (4) is contacted by means of a flip-chip
technique.

9. A method according to one of the claims 1 to 7, wherein
the chip (4) is contacted by means of an adhesive.

10. A method according to one of the claims 1 to 9, wherein
a coil is used as a conductor track pattern.

S 11. A method according to one of the claims 1 to 10, wherein
a thermoplastic material is used as a material for the
card body.

12. A method according to one of the claims 1 to 11, where-
in, simultaneously with the application of the at least
one conductor track (2) to the at least one recess (3),
the bumps (5) are formed in form of plastic bumps (5)
and are provided with a metallization layer by the at
least one conductor track (2).

13. A method according to one of the claims 1 to 12, wherein
the at least one recess (3) into which the chips (4)



recess:

areas within the at | east one recess <3 ,- and the at FeaSt oné conduct or
track extending across the bunps (5); and aligning at ‘| east one chip (4)

t he at

the at | east epRtaokedctor theackt ( paskt onp ngonduetart kaag
met hod accor di fgeteed! 25 mfhmaemm tdie

applying at | east one conductor track (2) according to a
predet er mi nabl e conductor track pattern to the main surface incfuding

at | east one recess (3), at |east one conducto u‘ H ﬂummnu | i ed to
surface areas outside of the at | east one rece to surface

| east

he

one recess (3) and contacting the at |east one ChiPx(4) W th

resl

5are2. A
ONPERSs I £t {0y "RAcdPigpy ably. . with

in

the card body fromthe car y naterlaL the card body being produced I n
Fee

a single oper&atPrd

14.

15.

16.

17.

E% | lgater J.a

A method according to one of the claims 1 to 13,
wherein, prior to contacting the chips (4), the card
body is provided with a label.

A contactless chip card (1) formed of an electrically
insulating, one-piece card body comprising:

at least one recess (3) provided on a main surface of
the card body, the base surface of the recess having
bumps formed thereon;

at least one conductor track (2) according to a prede-
termined conductor track pattern, said at least one
conductor track (2) being applied directly to surface
areas of the card body main surface including the at
least one recess (3) outside of said at least one recess
(3) as well as to surface areas within said at least one
recess (3), and the at 1least one conductor track
extending across the bumps; and

at least one chip (4) which is arranged in said at least
one recess (3) and which is contacted with the at least
one conductor track (2) in the area in which the at
least one conductor track (2) extends across the bumps

(5)-

A contactless chip card (1) according to claim 15,
wherein the bumps are formed integrally with the card
body from the card body material.

A contactless chip card (1) according to claim 15 or 16,
wherein the at least one chip (4) is contacted with the
at least one conductor track by means of a flip-chip



3. A'nethod according to claim1l or 2, wherein the card body is produced by
i njection moulding. 4. A nmethod according to one of the clains 1 to 3,
wherein the card body side which is not provided mﬁth recesses - 2 - has
applied a | abel thereto. 5. A nethod according Fms 1 to 4,
wherein the at | east one conductor tragk A2) |s“muuﬁmll gle
operating cycle. 6. A nethod according to one o ImﬂlH“ 5, wherein
application of the at |east one conductor track {2)%i¢ effeéteti by applying

pressure and teahmighere. 7. A nethod according to claim®6, wherein a
heat ed enbossi ng punch is used for applying pressure and

18. A contactless chip card (1) according to one of the
claims 15 to 17, wherein the depth of the at least one
recess (3) is chosen such that the at 1least one
contacted chip (4) does not project above said at least
one recess (3).

19. A contactless chip card (1) according to one of the
claims 15 to 18, wherein the at least one recess (3) is
filled with an encapsulating material.

20. A contactless chip card (1) according- to claim 19,
wherein the at least one recess (3) is filled with an
encapsulating material in such a way that the at least
one chip (4) is hermetically sealed.

21. A contactless chip card (1) according to one of the
claims 15 to 20, wherein the at least one recess (3) is
filled with an encapsulating material in such a way that
the card body main surface including the recess (3)
shows neither any raised portions nor any depressions.

22. A contactless chip card (1) according to one of the
N claims 15 to 21, wherein the material of the card body
is a thermoplastic material, such as PVC, ABS or
polycarbonate.



tenperature. 8. A nethod according to one of the clains 1 to 7, wherein the
chip (4) is contacted by neans of a flip-chip technique. 9. A nethod
according to one of the claims 1 to 7, wherein the chip (4) is contacted by
means of . an adhesive. 10. A method according to one of the clainms 1 to 9,
wherein a coil is used as a conductor tsrack pattern. 11. A nethod according
to one of the clains 1 to 10, wherein a thernoplastic material is used as a
material for the card body. 12. A nmethod according to one of the clains 1
to 11, whépeginnof sreplacenent|pagieth)the application of the at |east one
conductor track (2) to the at |east one recess (3), the bunps (5) are
formed in_formof plastic bunps (5) and are2§rovided #gth netal lization

| ayer by ¥%eP§FtFEHiFron§h80ﬁ& Atures, Regvailing when the carrier

is enclosed with the chip card material by injection
moulding have a negative effect on the function of the
expensive semiconductor chips. Furthermore, mistakes in the
injection moulding process, i.e. mistakes in a comparatively
econonmy-priced plastic component, will have the effect that
the card including the expensive semiconductor chip becomes
a reject.

DE 44 41 122 discloses e.g. a method for producing contact-
less chip cards in the case of which a foil material of
approx. 50 um thickness is coated with electrolytic copper
which is used for producing therefrom an antenna coil with
connecting areas by means of photoetching. Furthermore, the
foil material is provided in a stamping process with an
indented chip reception area and a stepped connection zone
following this chip reception area. The chip is then secured
in position in this reception area by means of an adhesive
and its pads are connected to the connecting areas of the
antenna winding by means of bonding wires. Following this,
the thus equipped foil is stuck on both sides thereof
between two plastic laYers of identical thickness, with the
N exception of the chip reception area; these plastic layers
are formed as cups around the chip reception area by means
of approximately symmetric recesses. This method requires,
however, an additional stamping process for the chip
reception area and a complicated laminating and coating
process.

R

WO 97/26620 discloses a chip card body for producing a chip
card including a coil, the chip card body being provided
with a recess having a chip arranged therein. The coil
metallization extends in the form of a conductor track
across the surface of the chip card body and through the
recess, the chip being arranged in the recess in areas in



13. /A'net hod according to one of the clains 1 to 12, wherein the at | east
one recess (3) into which the chips (4) - 3 - contacted to the at |east
one conductor track (2) are inserted is filled with an encapsul ating
material, e.g. a plastic material or a resin. 14. A method according to one
of the-clains 1 to 13, wherein, prior_tg contacting the chips (4), the card
body is provided with a | abel. 15. A contactless chip card (1) fornmed of an
el ectrically insulating, one-piece card body conprising: at |east one
recess (3whpenvi R Orordu@tdrsutfacle aloddie may d dxidind t vhdoagh Stthkace of

the reces%egggjsr.]gpgarsm %ff Q:rhrgedct{irberaexoé.';in electrical contact with the
conductor track via bonding wires. Furthermore, it is
suggested according to this publication that direct
contacting of the chip by means of the bump technique should
be used.

Starting from the above-described prior art, it is the
object of the present invention to provide a contactless
chip card and to further develop a method for producing a
contactless chip card in such a way that the chip card,

N primarily the coil, can be produced in a simple and
economy-priced manner and is both mechanically stable and
reliable.

The solution provided by the present invention for solving
this task consists of a method for producing contactless
chip cards according to the features of claim 1 and of a
contactless chip card according to claim 15. Preferred
embodiments are disclosed in the subclaims.

In the method according to the present invention, an

electrically insulating card body provided with one or a

plurality of recesses on one card body side is first
N produced. Subsequently,

(end of replacement page 3)
{begin of replacement page 4)

at least one conductor track according to a predeterminable
conductor track pattern is applied directly to the surface
- of the card body side including at least one recess.
'Following this, one or a plurality of chips or electronic
components are aligned in at least one of these recesses and
connected to the conductor tracks in an electrically con-
ductive manner. '



at | éast- one conduct or track (2) according to a prede- term ned conductor
track pattern, said at |east one conductor track (2) being applied directly
to surface areas of the card body nmain surface including the at | east one
recess (3) outside of said at |east one recess (3) as well as to surface
areas wthin said at |east one recess g3), and the at |east one conductor
track extending across the bunps; and at |east one chip (4) which is
arranged in said at | east one recess (3) and which is contacted with the at
| east one conductor track (2) in the area in which the at |east one

d t th 5 t h
condiet adiatleks) X SIE° 085! " PUDERh ) bl AT BSHLESEog
W t h t he eenthdising fthﬁnqm@%ar’ﬂlmypmérﬁw qufembbmé@m%@sfMp card

(1) accorgidg dordlddy 1pPdstfs material simultaneously with the
application of the conductor tracks according to the
conductor track pattern, e.g. by the shape of the embossing
punch, and they are provided with a metallization layer by
means of one of the impressed conductor tracks.

Bumps also have the advantage that they can be used for
adjusting a minimum distance to the (base) surface in the
\J; recesses, whereby the risk of destroying the chip when the
chip is being aligned and contacted is' substantially
reduced. In addition, it is then not necessary that this
distance control is carried out by the contacting means.

In one embodiment of the present invention, the card body
provided with one or a plurality of recesses is produced in
a single operating step. This is preferably done by means of
injection moulding, whereby the <card body will be
implemented as a one-piece component. Materials that can be
used for this purpose are preferably thermoplastic
materials, e.g. PVC, ABS (acrylonitrile-butadiene styrene)
or polycarbonates.

In a further embodiment, the conductor tracks are applied
according to a predeterminable conductor track pattern to
the surface of the card side including at least one recess,
the conductor tracks being applied to surface areas outside
of the recesses as well as to surface areas within at least
one of these recesses. This is preferably done in a single
operating step, the conductor tracks being impressed
according to a predetermined pattern on the surface areas,
especially also on surface areas within at least one of the
recesses, by application of pressure and temperature.

The use of a heated embossing punch, e.g. a steel printing



whereéi'n:-the at |east one chip (4) is contacted with the at | east one
conductor track by neans of a flip-chip - 4 - technique. 18. A
contactless chip card (1) according to one of the clainms 15 to 17, wherein
the depth of the at |east one recess (3) is chosen such that the at | east
one contacted chip (4) does not projecg above said at | east one recess (3).
19. A contactless chip card (1) according to one of the clains 15 to 18,
wherein the at | east one recess (3) is filled with an encapsul ating

mat eri al .bldck A haningtths scondugtenrtirag¢k ) paticenn dappl ied ctheéretaoas

wherein the @h jlfast j QNG RCESH 4y | Sufitabd® WEbP &his purpose. By
means of this punch conductor tracks are punched out of a
conductor foil, e.g. a copper foil, éccording to the
conductor track pattern and simultaneously impressed on the
surface of the card body side including the recesses.
According to a preferred embodiment of the present
invention, the conductor tracks are caused to adhere to the
card body surface by means of a layer of adhesive provided
on the lower side of the conductor foil, the adhesive
material being adapted to the temperature and the pressure
i during the impressing process in an advantageous manner.

According to a preferred embodiment of the present
invention, both the production of the card body, which ...

(end of replacement page 4)
(begin of replacement page 6)

According to a further embodiment, the recesses provided
with chips are filled with an encapsulating material, e.g. a
plastic material or a resin, for protecting the chip against
environmental influences and for increasing the service life

— of the card in this way. In the case of conventional card
thicknesses, the use of unhoused chips will then have the
effect that the contacted chips do not project above the
recess and that, when the recess has been filled with an
encapsulating material, each chip will be hermetically
sealed and the card surface inciuding the recess will show
neither any depressions nor any raised portions.

Another embodiment includes the method step that the card
body side which is not provided with recesses has applied a
label thereto. This label can, for example, be applied by
printing and/or it can be formed from the card body material
by embossing and, if desired, it can be dyed with different



RN

encapsulating material in such a way that the at |east one chip (4) is
hernetically sealed. 21. A contactless chip card (1) according to one of
the clains 15 to 20, wherein the at | east one recess (3) is filled with an
encapsul ating material in such a way that the card body main surface

I ncluding the recess (3) shows neither @any rai sed portions nor any
depressions. 22. A contactless chip card (1) according to one of the clains
15 to 21, wherein the nmaterial of the card body is a thernoplastic

mat eri al , c94@Rrds PVC, ABS or pol ycar bonat e.

Preferably, the method step of applying the label is carried
out after the production of the card body with the recesses,
but before the conductor tracks according to the conductor
track pattern are applied. The application of a label prior
to contacting the chips offers the great advantage that a
heat load, a chemical load and/or a mechanical load, such as
e.g. pressure, bending, torsion, entailed by the application
of a lable are avoided. In principle, the 1label can,
however, also be applied after mounting of the chip on the

(end of replacement page 6)



