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(57) ABSTRACT 

A Smart card with a card carrier on which a data processing 
circuit and also a connection assembly for the contactleSS 
communication of data between the data processing circuit 
and an external data processing Station are provided. In the 
course of producing a prior art Smart card, an integrated 
circuit is applied to a card carrier made of plastic. After 
wards, a transmitting/receiving coil connected to corre 
sponding terminals of the integrated circuit is applied along 
the outer edges of the prior art Smart card. In the case of the 
prior art Smart card, the fact that defective prior art Smart 
cards have to be destroyed is disadvantageous. According to 
the invention, the data processing circuit and the connection 
assembly are provided in a region of at least one module 
carrier and the card carrier has a region for accommodating 
the module carrier. This makes it possible firstly to test the 
completed module carrier in respect of its proper functioning 
before it is incorporated into a card carrier. 
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SMART CARD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a continuation of copending International 
Application PCT/DE98/00033, filed Jan. 7, 1998, which 
designated the United States. 

BACKGROUND OF THE INVENTION 

0002 Field of the Invention 
0003. The invention relates to a smart card with a card 
carrier on which a data processing circuit and also a con 
nection assembly for the contactleSS communication of data 
between the data processing circuit and an external data 
processing Station are provided. 
0004. A generic Smart card and an external data process 
ing Station form a data System that is used for counting 
cashless purchases, for monitoring passenger traffic or for 
Simple charge management in the context of access to a 
telephone network. For Such purposes, a user acquires a 
Smart card on which a data processing circuit containing a 
microprocessor is provided. For the communication of data 
between the data processing circuit and the external data 
processing Station, an alternating field generated by the 
external data processing Station is modulated by the Smart 
card in the case of contactleSS transmission methods. In this 
case, by way of example, a Smart card coil provided in the 
connection assembly is Subjected to a capacitive or resistive 
load in a varying manner over time, with the result that its 
electromagnetic properties alter. This has a reaction upon a 
Station coil in the external data processing Station. From the 
reaction, it is possible to draw conclusions about data Stored 
in the data processing circuit. 
0005 The generic Smart card is constructed as a plastic 
card large enough to be Stowed Securely in a purse, for 
example. In the course of producing the generic Smart card, 
first of all an integrated circuit is applied to a card carrier 
made of plastic. Afterwards, a transmitting/receiving coil 
connected to corresponding terminals of the integrated cir 
cuit is applied along the outer edges of the Smart card. Such 
a smart card is disclosed for example in Published, Non 
Prosecuted German Patent Application DE 44 10732 A1. In 
the case of the generic Smart card, the fact that production 
is complicated and expensive is disadvantageous. If a Smart 
card does not operate correctly, the defective Smart card is 
destroyed. 

0006 Published, Non-Prosecuted German Patent Appli 
cation DE 44 37 721 A1 shows an electronic module for 
incorporation into a data carrier, the electronic module has 
an integrated circuit which is disposed on a module carrier 
and is conductively connected to a coil for contactleSS data 
eXchange. 

SUMMARY OF THE INVENTION 

0007. It is accordingly an object of the invention to 
provide a Smart card which Overcome the above-mentioned 
disadvantages of the prior art methods and devices of this 
general type, which always operates reliably, and is pro 
duced reliably and with little outlay. 
0008. With the foregoing and other objects in view there 
is provided, in accordance with the invention, a Smart card, 

Aug. 9, 2001 

containing a card carrier having a given region and at least 
one module carrier disposed in the given region of the card 
carrier. The at least one module carrier, includes a base plate; 
a connection assembly disposed on the base plate and having 
at least one transmitting/receiving coil with Sections dis 
posed in at least two different planes with respect to a main 
direction in which the base plate extends, the Sections of the 
at least one transmitting/receiving coil operating in a Syn 
chronized manner with one another; and a data processing 
circuit. The connection assembly provides contactleSS com 
munication of data between the data processing circuit and 
an external data processing Station. In an alternative, the 
Sections are configured Such that the Sections are kept in a 
resonance phase angle with respect to one another. 

0009. According to the invention, the data processing 
circuit and the connection assembly are provided in the 
region of at least one module carrier and the card carrier has 
a region for accommodating the module carrier or the 
module carriers. 

0010. The invention is based on the fundamental concept 
that the disadvantages in generic Smart cards Stem from the 
fact that only when the Smart card has been completed is it 
possible to test whether the integrated circuit cooperates 
correctly with the transmitting/receiving coil. According to 
the invention, the parts which are essential for the function 
ing of the Smart card, that is to Say a functional assembly, are 
produced Separately from the card carrier on the module 
carrier and connected to one another only during the final 
assembly of the card carrier and the module carrier. This 
makes it possible firstly to test the functional assembly in 
respect to its functioning. If it is established that the data 
processing circuit does not cooperate correctly with the 
connection assembly on the functional assembly, then the 
functional assembly can be destroyed without an inherently 
useful card carrier having to be destroyed as well. Further 
more, it is possible to accelerate the production of the 
functional assembly since the module carrier, which takes up 
only a Small amount of Space, makes it possible to provide 
Smaller and faster production apparatuses. 

0011. According to the invention, the module carrier can 
be fixedly connected to the Smart card, it being possible for 
that region which is provided on the card carrier for accom 
modating the module carrier also to be configured as a 
cutout. With a suitable configuration of the module carrier 
and the cutout, it is possible to ensure that a positively 
locking connection is already produced when the module 
carrier is inserted into the receptacle, the connection only 
having to be fixed. 
0012 A particularly advantageous Smart card according 
to the invention is produced when the connection assembly 
has at least one transmitting/receiving coil which can also be 
disposed in two different planes with respect to the main 
direction in which the module carrier extends. In this case, 
provision is made, in particular, for a Section of the trans 
mitting/receiving coil to be disposed on a Surface of the 
module carrier, while another Section may be disposed in a 
layer inside of the module carrier. This can be achieved in a 
particularly simple manner by use of a two-layer metalliza 
tion coating, a Sandwich-like Structure being particularly 
appropriate for the module carrier. In this case, the Sections 
of the transmitting/receiving coil on the Surface of the 
module carrier and inside the module carrier may be dis 
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posed in a plane-parallel manner, the individual Sections 
being connected to one another by contacts. This can be 
achieved in a particularly simple manner by use of plated 
through holes in the region of terminals of the respective 
transmitting/receiving coil regions. It is preferable for the 
individual Sections of the transmitting/receiving coil to be 
connected in Series, Since this results in a transmitting/ 
receiving coil which can influence an external alternating 
field with a high efficiency. In this case, a particularly high 
efficiency of the transmitting/receiving coil is produced 
when the transmission device, which is often part of the data 
processing circuit, is configured in Such a way that the 
Sections of the transmitting/receiving coil can be kept in a 
resonance phase angle with respect to one another. This can 
be done for example by Suitably connecting in capacitances 
and/or inductances, this preferably being done in Such a way 
that the resonant frequencies of the regions of the transmit 
ting/receiving coil in each case correspond. 

0013 In a departure from this, or to supplement the 
above-mentioned embodiment, the transmission device may 
also be configured in Such a way that the Sections of the 
transmitting/receiving coil can be operated Such that they are 
Synchronized with one another. This can advantageously be 
done So as to result in amplification of the alternating field 
issuing from the transmitting/receiving coil. This is signifi 
cant for active cards that emit a signal. By applying phase 
gating technology, it is possible to achieve Synchronization 
of an edge position with the Sections of the transmitting/ 
receiving coil, to be precise in Such a way as to result in 
amplification of an alternating field generated by the trans 
mitting/receiving coil. In the case of passive cards, it is 
thereby possible to achieve a particularly high degree of 
coupling between the Smart card and an external data 
processing Station. 
0.014) A further improvement in the transmission quality 
of data between the Smart card and the external data pro 
cessing Station is produced when the module carrier has at 
least one Section configured as a coil core for the transmit 
ting/receiving coil. In this case, the module carrier may be 
formed from plastic into which permeable material Such as 
ferrite, for example, is incorporated. If the permeable mate 
rial is present as a multiplicity of ferrite particles, the latter 
are bound, for the purpose of mutual insulation, in a Syn 
thetic composition provided in the module carrier. The coil 
core produced in this way Serves for achieving a high field 
amplification factor. Such a dielectric makes it possible to 
achieve relative magnetic permeabilities of the order of 
magnitude of 5,000 and thus high flux densities. 

0.015. A method for producing the module carrier for the 
Smart card configured in the manner described above has the 
following Steps: 

0016 a. incorporating a first coil section into a 
plastic layer; 

0017 b. applying a second coil section to the plastic 
layer; 

0018 c. connecting terminal regions of the first coil 
Section and of the Second coil Section to one another; 
and 

0019 d. applying an integrated circuit to the module 
carrier. 

Aug. 9, 2001 

0020. In this case, the step of connecting the terminal 
regions of the first coil Section to the Second coil Section can 
be effected by through-plating, which can be achieved in a 
Simple manner using known production methods. 
0021. The step of applying the integrated circuit can be 
effected either by a flip-chip technique or by conventional 
bonding techniques. In the case of the conventional bonding 
techniques, it is possible to have recourse to a conductive 
adhesive or to known Solders as the bonding agent. Espe 
cially in the case of the bonding techniques, it is provided 
that not only the connection assembly but also the data 
processing circuit may optionally be covered with a hard 
enable covering composition, to be precise, in particular 
after the production of the module carrier. The covering 
compositions used for this purpose may be in particular 
thermally or UV curing. 
0022. The invention also relates to a method for produc 
ing a Smart card which has the following Steps: 

0023 a. providing a card carrier having a receptacle 
for a module carrier; 

0024 b. providing a module carrier according to the 
invention having a data processing circuit and a 
connection assembly; 

0025 c. introducing the module carrier into the 
receptacle, and 

0026 d. connecting the module carrier to the card 
carrier. 

0027. The method according to the invention enables a 
Smart card to be produced in a particularly Simple and 
cost-effective manner. 

0028. The above-mentioned production steps for produc 
ing the Smart card according to the invention and/or the 
module carrier according to the invention with a double 
layered transmitting/receiving coil can, of course, also be 
applied to the production of Smart cards and/or module 
carriers with a single coil layer. 
0029. Other features which are considered as character 
istic for the invention are Set forth in the appended claims. 
0030 Although the invention is illustrated and described 
herein as embodied in a Smart card, it is nevertheless not 
intended to be limited to the details shown, Since various 
modifications and Structural changes may be made therein 
without departing from the spirit of the invention and within 
the Scope and range of equivalents of the claims. 
0031. The construction and method of operation of the 
invention, however, together with additional objects and 
advantages thereof will be best understood from the follow 
ing description of Specific embodiments when read in con 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 is a diagrammatic, plan view of a module 
carrier with a data processing circuit and with a transmitting/ 
receiving coil according to the invention; 
0033) 
0034 FIG. 3 is a plan view of a smart card with the 
module carrier shown in FIG. 1 and the card carrier shown 
in FIG. 2; 

FIG. 2 is a plan view of a card carrier; 
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0035 FIG. 4 is a sectional view of the module carrier 
shown in FIG. 1; and 
0.036 FIG. 5 is a plan view of a continuous strip for the 
production of the module carrier shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0037. In all the figures of the drawing, Sub-features and 
integral parts that correspond to one another bear the same 
reference Symbol in each case. Referring now to the figures 
of the drawing in detail and first, particularly, to FIG. 1 
thereof, there is shown a module carrier 1 of a Smart card 13 
according to the invention. The module carrier 1 has a base 
plate 2 produced from plastic and an essentially rectangular 
croSS Section. In this case, corners of the base plate 2 are 
rounded, as can be seen particularly clearly in FIG. 1. A 
transmitting/receiving coil 3 is provided on a top side of the 
base plate 2 by use of metallization, in which case turns of 
the transmitting/receiving coil 3, proceeding from a first 
terminal contact 4 provided in a center of the base plate 2, 
extend essentially spirally around the first terminal contact 4 
as far as a Second terminal contact 5. 

0.038 AS is best seen in FIG. 4, an integrated circuit 7 is 
fitted on the first terminal contact 4 by an insulating adhesive 
layer 6. The integrated circuit 7 has a first connecting line 8 
connected to the first terminal contact 4, and also a Second 
connecting line 9 connected to the Second terminal contact 
5. In the view shown in FIG. 4, a region between the 
integrated circuit 7 and the second terminal contact 5 is 
illustrated as having been broken out from the module 
carrier 1 in order to allow the module carrier 1 to be 
illustrated more Simply in the drawing. 
0039. As is likewise readily evident in FIG. 4, the 
module carrier 1 is covered with a covering layer 10 made 
of a thermally curable or UV-curable composition in a 
region of the first terminal contact 4 and in a region of the 
Second terminal contact 5. 

0040 FIG. 2 shows a card carrier 11 with an essentially 
rectangular outer shape having a rectangular receSS 12 for 
accommodating the module carrier 1 shown in FIG. 1. The 
card carrier 11 is produced from a plastic plate having 
essentially the same thickness as the base plate 2 of the 
module carrier 1. The receSS 12 is in this case formed in Such 
a way that the module carrier 1 can be inserted into the 
receSS 12 in a positive locking manner. 
0041 FIG. 3 shows the Smart card 13 according to the 
invention, which is composed of the module carrier 1 in 
accordance with FIGS. 1 and 4 and of the card carrier 11 in 
accordance with FIG. 2. As can be seen particularly well in 
this view, the module carrier 1 is inserted into the recess 12 
in Such a way as to produce a positively locking connection. 
In this State, the module carrier 1 is additionally connected 
to the card carrier 11 by an adhesive bond. 
0042. Both the base plate 2 and the card carrier 11 can be 
produced from a plastic Such as glass fiber reinforced epoxy 
resin, PVC, PET, PC and/or ABS. The transmitting/receiv 
ing coil 3 can be applied to the base plate 2 using an etching, 
Winding, laying or printing technique. 

0.043 AS can be seen particularly well in FIG. 5, the 
module carriers 1 according to the invention are fabricated 
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in a continuous Strip process, provision being made of a 
continuous Strip 14 made of a plastic which has a respective 
conveying perforation 15 on both long Sides. The provision 
of the conveying perforation 15 results in that the continuous 
Strip 14 can be guided in a particularly simple manner 
through machines used in the production of the module 
carriers 1 according to the invention. 
0044) Following the completion of the continuous strip 
14 with the module carriers 1 provided thereon, these are 
individually tested and Subsequently detached from the 
continuous Strip 14 by performing a Stamping process. In a 
further method step (not illustrated here), the module carri 
erS 1 that have been tested in respect of their functioning are 
inserted into card carriers 11 that are ready, and the Smart 
cards 13 according to the invention are thereby completed. 
0045 With the module carrier 1 according to the inven 
tion, the transmitting/receiving coil 3 is combined with the 
Semiconductor chip 7 in a Single module carrier 1 that can 
be mass-produced in a simple manner. The module carriers 
1 according to the invention are inserted into the card carrier 
11 only in a concluding work Step. In this case, the Semi 
conductor chip 7 can be fixed on the module carrier 2 
according to the invention either according to a conventional 
wire bonding technique or by a flip-chip technique. 

We claim: 
1. A module carrier for use in a Smart card, comprising: 
a base plate; and 
a transmission device disposed on Said base plate and 

having at least one transmitting/receiving coil with 
Sections disposed in at least two different planes and 
disposed one above one another with respect to a main 
direction in which Said base plate extends, Said Sections 
of Said at least one transmitting/receiving coil config 
ured Such that Said Sections being kept in a resonance 
phase angle with respect to one another. 

2. A module carrier for use in a Smart card, comprising: 
a base plate; and 
a transmission device disposed on Said base plate and 

having at least one transmitting/receiving coil with 
Sections disposed in at least two different planes with 
respect to a main direction in which Said base plate 
extends, Said Sections of Said at least one transmitting/ 
receiving coil operating in a Synchronized manner with 
one another. 

3. A Smart card, comprising: 
a card carrier having a given region; and 
at least one module carrier disposed in Said given region 

of Said card carrier, Said at least one module carrier, 
including: 

a base plate; 
a connection assembly disposed on Said base plate and 

having at least one transmitting/receiving coil with 
Sections disposed in at least two different planes with 
respect to a main direction in which said base plate 
extends, Said Sections of Said at least one transmit 
ting/receiving coil operating in a Synchronized man 
ner with one another; and 
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a data processing circuit, Said connection assembly 
providing contactleSS communication of data 
between said data processing circuit and an external 
data processing Station. 

4. The Smart card according to claim 3, wherein Said at 
least one module carrier is fixedly connected to Said card 
carrier. 

5. The Smart card according to claim 3, wherein Said card 
carrier has a cutout formed therein Serving as Said given 
region for receiving Said at least one module carrier. 

6. The Smart card according to claim 3, wherein Said at 
least one carrier module has a Surface and one Section of Said 
Sections of Said at least one transmitting/receiving coil is 
disposed on Said Surface of Said at least one carrier module 
carrier. 

7. The Smart card according to claim 6, wherein a further 
Section of Said Sections of Said at least one transmitting/ 
receiving coil is disposed inside of Said at least one module 
carrier. 

8. The Smart card according to claim 7, including contacts 
connecting Said one Section of Said Sections to Said further 
Section of Said Sections of Said at least one transmitting/ 
receiving coil. 

9. The Smart card according to claim 8, wherein Said one 
Section and Said further Section are connected in Series. 

10. The Smart card according to claim 3, wherein Said at 
least one module carrier has at least one Section of Said 
Sections configured as a coil core. 

11. The Smart card according to claim 10, wherein Said at 
least one module carrier is formed from plastic and a 
permeable material incorporated into Said plastic. 

12. A Smart card, comprising: 
a card carrier having a given region; 
at least one module carrier disposed in Said given region 

of Said card carrier, Said at least one module carrier, 
including: 
a base plate; 
a connection assembly disposed on Said base plate and 

having at least one transmitting/receiving coil with 
Sections disposed in at least two different planes and 
disposed one above one another with respect to a 
main direction in which Said base plate extends, Said 
Sections of Said at least one transmitting/receiving 
coil configured Such that Said Sections being kept in 
a resonance phase angle with respect to one another; 
and 

a data processing circuit, Said connection assembly 
providing contactleSS communication of data 
between said data processing circuit and an external 
data processing Station. 

13. The Smart card according to claim 12, wherein Said at 
least one module carrier is fixedly connected to Said card 
carrier. 

14. The Smart card according to claim 12, wherein Said 
card carrier has a cutout formed therein Serving as Said given 
region for receiving Said at least one module carrier. 

15. The Smart card according to claim 12, wherein Said at 
least one carrier module has a Surface and one Section of Said 
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Sections of Said at least one transmitting/receiving coil is 
disposed on Said Surface of Said at least one carrier module 
carrier. 

16. The Smart card according to claim 15, wherein a 
further Section of Said Sections of Said at least one transmit 
ting/receiving coil is disposed inside of Said at least one 
module carrier. 

17. The Smart card according to claim 16, including 
contacts connecting Said one Section to Said further Section 
of Said at least one transmitting/receiving coil. 

18. The Smart card according to claim 17, wherein said 
one Section and Said further Section are connected in Series. 

19. The Smart card according to claim 12, wherein Said at 
least one module carrier has at least one Section of Said 
Sections configured as a coil core. 

20. The Smart card according to claim 19, wherein said at 
least one module carrier is formed from plastic and a 
permeable material incorporated into Said plastic. 

21. A method for producing a Smart card, which com 
prises: 

providing a module carrier including a base plate, a 
transmission device disposed on the base plate and 
having at least one transmitting/receiving coil with 
Sections disposed in at least two different planes with 
respect to a main direction in which the base plate 
extends, the Sections of the at least one transmitting/ 
receiving coil operating in a Synchronized manner with 
one another, and a data processing circuit, the trans 
mission device providing contactleSS communication 
of data between the data processing circuit and an 
external data processing Station; 

providing a card carrier having a receptacle for receiving 
the module carrier; 

introducing the module carrier into the receptacle of the 
card carrier; and 

connecting the module carrier to the card carrier. 
22. A method for producing a Smart card, which com 

prises: 
providing a module carrier including a base plate, a 

transmission device disposed on the base plate and 
having at least one transmitting/receiving coil with 
Sections disposed in at least two different planes with 
respect to a main direction in which the base plate 
extends, the Sections of the at least one transmitting/ 
receiving coil configured Such that the Sections being 
kept in a resonance phase angle with respect to one 
another, and a data processing circuit, the transmission 
device providing contactleSS communication of data 
between the data processing circuit and an external data 
processing Station; 

providing a card carrier having a receptacle for receiving 
the module carrier; 

introducing the module carrier into the receptacle of the 
card carrier; and 

connecting the module carrier to the card carrier. 

k k k k k 


