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A MODULE HAVING INTEGRATED CIRCUITS

The present invention relates to a data carrier having
at least one IC module for'processing electrical signals,
the IC module being disposed on a substrate which is small
compared to the area of the data carrier, connected via
leads with contact elementé also provided on the.substrate
which allow for communication of the IC module with corre-
sponding machines, and disposed in a recess in a central
card layer. ' '

A data carrier of the abovementioned kind is dlsclosed
for example in DE-0S 33 38 597.

In the ‘known data carrier the substrate bearlng the IC
module, the leads and the contact surfaces 1s.1am1nated into
a multilayer identification card ﬁsing'heat_and pressure in
such a way that the IC module is ipcated in the interior of
the card while the contact surfaces are flush with the sur-
face of the card. .

The structural shape used for the integrated circuit in
DE-OS 33 38 597 is a so-called micropack. The substrate is
. generally made of a material (e.g. polyimide) which does not
'bond with conventlonal card materlals. a melt adhesive or
melt adhesive film is therefore used to intercorinect the
various ‘synthetic materials using heat and pressure.

Although the melt adhesive film mentioned in DE-0S
33 38 597, being-a'resilient soft layer in the form of é
buffer zone, does tend to protect the circuit, it has turned
out in practice that this protective effect does not meet
the desired requirements especially in the case of inte-
grated circuits with larger dimensions which, due to their
dimensions, are exposed to stfonger bending forcés during
‘use of the card. One reason for this is that the melt adhe-
sive film must be relatively thin, which necessarily re-
stricts the protective effect as a buffer zone. If the film
is thicker, melt adhesive material is inevitably squeezed

out at the edge areas of the_substrate when the card layers
-'are being pressed together, reaches the surfacg of the card
and impairs the appearance of the card unless it is removed
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-~ in an additional method step. The thickness of the meit au-
hesive film is therefore optimized so as to ensure good ad-
hesion in terms of the total surface of the substrate but

. prevent adhesive material being squeezed out of the open

- places of the edge area of the substrate. However, this

" leaves no scope for optimizing the melt adhesive film as a

protective buffer zoné, using reaéohable technical effort. ,
The invention is therefore based on the problem of M“
proposihg a data carrier with an integrated circuit not in- .
volving any additional technical effort, wherein even cir-.
cuits of larger dimensions can withstand the mechanical
stresses in daily use. '
' This problém is solved by the features stated in the
 main claim. _ | '

In a preferred embodiment of the invention the various
layers of a data carrier and the substrate bearing the IC
module aré pressed together using heat and pressure. The
- substrate bearing the IC module, the leads and the contact
surfaces is embedded in the laminate in such a way that the
IC module is disposed within the data carrier while the
contact surfaces are located on the surface thereof. In or-
_der to bond the substrate with the materials of the data
' carrier, a melt adhesive £ilm is used. In addition a film
strip is provided as a separate element between the sub-
strate and the melt adhesive film, said strip being approx-
imately as wide and at least as long as the IC module and
being made of a material having higher deformability than
the surrounding matefiéls of the data carrier.

The use of this film strip makes it possible'to provide
an effective buffer zorne for ciréuits with larger dimensions
as well without having to adapt the thickness of the melt
adhesive film to the size of the module. The melt adhesive
film and the film strip'forming the'p;otective'buffer zone
can be optimized in their respective‘fuhctions independently
of each other. Whereas the mélt adhesive film is selected so
as to assure good adhesion of the elements to be connected



but prevent adhesive material being squeezed out at the open
places in the edge area of the substrate, the film strip,
being a separate element, can be optlmlzed in its dimensions
and physical propertles so as to protect even large IC mod-
ules effectively from mechanical stresses. ' _

Despite these advantages the use of the film strip does
not'involve any appreciable'additional effort. The inte-
grated circuits suitable for incofperation_in identification
- cards are genefally supplied by the semiconductor producer
already mounted on film strips. The incorporatieﬁ in iden--
tification cards of substrates appropriately punched out of
the f£ilm strips, as described in DE-0S 33 38 597, necessi-
tates, as mentioned, an adhesive layer, for example a melt
adhesive film. The substrate and melt adhesive film are
preferably combined pfior to the card production, the sub-
strate and melt adhesive film each being wound off its own
roll and brought together and bonded using heat and pressure
in a roll laminating device for example. It requires no ad-
ditional effort in terns of process technology to dispose an
additional film strip on the IC module since this strip,
also wound off a roll, can be applied to the substrate film
 bearing the inteérated module simultaneously with the melt
adhesive film. The additional film strip is enclosed between
the substrate and melt adhesive film. The additional mate-
rial used per substrate or data carrier is also negllglble
in view of the total costs of a data carrier. _

According to a further embodiment of the invention the
film strip is made of a material that not only has high
elastic defo;mability but also has a lower softening tem-
perature than the materials of the data carrier and fur-
thermore does not bond during the laminatihg process with
the materials (such as melt adhesive film, substrate f£ilm
and also Ié'module) in the surroundings.-since the film
strip is thus piasticaliy'deformabie and does not bond with
the surroundlng materials during lamination, the IC module
and leads can be embedded free from tension, on the one



hand, and move within certain 1imits inside the laminate 1ir
the data carrier is strongly deformed during use, on the
other hand, thereby evading the stresses caused by the de-
formation in the laminate. A material having the abovemen-
tioned propertles is polyethylene for example.

Further advantages and developments of the 1nvent10n
can be found in the subclalms and the follow1ng descrlptlon
‘of sone embodlments w1th reference to the flgures, in whlch',
Fig. 1 shows an ldentlflcatlon card from the front

Fig. 2 shows a cross-sectional view of the 1dent1flca—
tion card of Fig. 1 prior to lamination,

Fig. 3 shows a cross-sectional view of the identifica-
tion card of Fig. 1 after lamination, | |

Fig. 4 shows an apparatus for making a carrier element
having film strips, - . '

-Fig. 5 shows a cross-eectiohal view of the apparatus of
Fig. 4 along line A-B,

Fig. 6 shows the _carrier elements made in the apparatus
of Fig. 4 from the front,

Fig. 7 shows a further embodiment of a carrier element
made in the apparatus of Fig. 4, '

Fig. 8 shows an identification card and a carrier ele-
ment before the individual ‘elements are joined together,.

Figs. 9 and 10 show an embodiment of a carrier element
from the front and in cross section, and

Figs. 11 and 12 show a further embodiment of a carrier
element from the front and in cross section.

Fig. 1 shows identification card 1 having'IC module 3
embedded in the card core, said module being electrically
connected via leads with outer contact surfaces 2 located on
the card surface. In a preferred embodiment the card con-
sists of three layers (see Figs. 2 and 3), card cover layer
13 with opening 16 for IC module 3 and two cover films 14,
15, cover film 14 heving two recesses‘7 and 8. The recesses'
are dimensioned so that each one can take up a group con-
sisting of four contact surfaces in the embodiment shown.
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Bottom cover film 15 seals off the identification card on
the back. Between core layef 13 and cover layer 14 there is
.the so-called carrier element consisting of IC module 3,

- leads 4, contact surfaces 2 and carrier substfate 10. IC
module 3 is ‘connected in recess 11 of substrate 10 with the

- ends of leads 4 protruding into the recess, and is held in
the window only by the attachment of the leads with the =~
corresponding terminals of the module. This way of attaching .
or positioning semiconductor eleﬁents'with leads etched out .
of a conductive coating of the substrate has been known for
some time and prOVEd its usefulness in'practice (see also
Siemens-Bauteile-Report 16 (1978), no. 2, pp. 40-44).

' To allow the carrier element to be fixed in the card
_structure, said element is underlaid with melt adhesive film
6. This melt adhesive film serves to combine substrate 10,
which is made of polyimide, for example, with the material
.of the identification card (for example PVC) so that these
layers bond when pressed together using heat and pressure.

According to the iﬁvention film strip 5 is provided
between melt adhesive film 6 and IC module 3, said strip
having at least the dimensions of the IC module and covering
- its bottom area. The film strip is made of a material having
high elastic deformability, so that the IC module and leads
move within certain limits inside the card laminate when the -
card is strongly deformed and evade the stresses caused by
the deformation in the card laminate. The material df the
£film strip preferably has not only high elastic deformabil-
ity but also a low softening point compared to the card ma-
terials used. This makes the material plastically deformable
during lamination, allowing for the IC module and leads to
be embedded free from tension. It has also been shown that
.the protective effect can be further improved by selecting a
material, e.q;'pplyéthyléné, which not only has a low modu-
lus of elasticity compared to e.g. PVC, E (PE) = 200 -

300 N/mm?, E (PVC) = 3000 N/mm®, and a lower softening
point, but also does not bond during the laminating process



w1th the materials 1n the surroundings, such as melt adhe-
sive f£ilm 6, substrate 10 and IC module 3. Thls further im-
provement in the proteqtlve effect for tha circuit is pre--
' sumably due to the movability of the film strip within the
card which is not impaired by adhesion to adjacent elements.

The_advahtageous_embedding technique described can be
realized without any appreciable additional effort if the
carrier element is already eguipped with a film strip before
beihg embedded in an identification card.

A corresponding apparatus for making such carrier ele-
ments is shown in Fig. 4. The apparatus shown schematlcally
‘here essentially comprises a so-called roll laminating de-
vice consisting of heating roll 26 and’ pressure roll 27, as
well as a driving device consisting of drive roll 29 con-
nected to motor 34, and mating roll 31. The motor rotates
drive roll 29 in the direction of arrow 28. The film strips
to be connected are wound off supply rolls 20, 22, .23 and
onto storage roll 21 after passing through the roll lami-
nating and driving device. These elements and others ex-
plained below are all attached to mounting plate 35.

The raw product for making carrier elements is sub-

- strate £ilm 10 on which IC modulas 3 are mounted at regular
intervals by the so-called TAB technique (tape automated
bonding). Film 10 equipped with IC modules 3 is wound on
roll 20 in the usual way. Melt adhesive film 6 is directed
from supply roll 23 via deflection roll 25 together with
substrate film 10 between heating and pressure rolls 26, 27..
Between heating roll 26 and pressure roll 27, melt adhesive
film 6 is bonded with substrate film 10 under the action of
heat and pressure. As Fig. 5 shows in a cross-sectional
view, heating roll 26 is provided with a recess 36 running
'arouud the niddle therepf, so that when substrate film 10
equipped with IC modules 3 passes through ths'mddules are

~ free from mechanical and thermal stresses. Melt adhesive

film 6 is combined with substrate film 10 along the edge
areas extending’in’the direction of transport. Film strip 5§



embedded according to the invention between the IC module
and melt adhesive film 6 is wound off supply roll 22 and
directed via deflection roll 24 in the area of the heating
and mating rolls between melt adhesive film 6 and substrate
£ilm 10. This film strip does not bond with the surrounding
materlals but 1s only enclosed in the p051t10n determined by
its 1ntroductlon by the- compound arrangement of melt- adhe-

sive film 6 and substrate film 10. After melting, the film - =

laminate runs through drive and nmating rolls 29, 31. Here,
fhe melt adhesive film is again preSSed'ento the substrate
film with simultaneous cooling and thereby finally fixed.

The finished laminate is finally'woﬁnd onto storage roll 21.

The end product is shown from the front in Fig. 6. The
figure shows substrate filﬁ 10 with contact surfaces 2 on
its surface, and leads 4 which lead to IC mpdule 3 located
in a recess. Along a side edge substrate film 10 is provided
with perforations 12 which may also be used in the apparatus
described above to transport substrate £ilm 10 accurately
during the various processing steps. Fig. 6 shows the di-~
mensions and positioh of film strip 5 embedded between melt
adhesive film 6 and .substrate film 10. Film strip 5 is ap-
prdximately as wide as the IC module but covers the entire
length of'substrate film 10. Leads 4 extending into recess
11 to IC module 3 are preferably directed so as to be also
located on passing film strip 5 and thus protected. '

As shown, film strip 5 protecting IC module 3 and leads
4 can be placed between melt adhesive film 6 and substrate
film 10 without'any additional process technology effort.

In the identification card shown in Figs. 1 and 3 the
various card- layers are bonded together by heat and pres-
sure. During'the laminating process the substrate is embed-
ded with all components in the card laninate in such a way
that the IC module is located approximately in the middle of
the card laminate while the contact surfaces are flush with
- the card surface. Web 17 made of the material of cover film
14 and externding between the contact areas ensures, amoﬁé



other things, that the IC module is pressed into recess 16
of core layer 13, as also described in DE-0S 33 38 597. -
In other known incorporating techniques the substrate
is inserted, for example, into a prepared recess in a fin-'
ished identification card. Since no further cover layer is
prov1ded in this case, the substrate must be covered and
thereby protected in a dlfferent way in the area of the IC
module on the side where the contact surfaces are located if-
the so-called micropack form is to be retained. A further
embodiment of the invention therefore consists in providing
film strip 32 in the middle of substrate 10, as shown in
Figs. 7 and 8. This film strip can also be prdvided on the-
substrate using the apparatus shown in Fig. 4 in a.simple
manner-similar to that desCribed above. Eor this burpose one
need only provide further supply roll 33 (shown by dotted
lines in Fig. 4) from which appropriate film strip 32 is’
wound and directed between heating and pressure rolls 26,
27. To allow for film strip 32 to be attached to substrate
film 10 said strip can be provided with adhesive 1ayer 30.
Film strip 32 is preferably adapted to the particular card
material, being made for example of PVC which is dyed or
:.prlnted 1n accordance with the particular card design. _
To allow for the latter substrate to be incorporated 1n
an identification card, finished card 37 is provided with
recess 38 adapted to the dimensions of the substrate (Fig.
8). The substrate is connected with card body 37 using
-heating die 39 for example. Due to film strip 32 passing
‘through the middle of the substrate, the IC module is pro-
tected against outer influences in the middle of the card
~'body laminate, while the eontact surfaces are readily ac-
cessible on the card surface.

_ Flgs. 9. and 10 show an embodiment of a substrate suit-
able for -incorporation in 1dent1f1cat10n cards, in which Ic'
module 3 is not located in a recess in.substrate 10 but
covered by material of the substrate on the side opposite
. the centact surfaces (Fig. 10). The substrate has a plural-



ity of recesses 40 through which leads 4 run to connect IC
module 3 electrically with contact surfaces 2. The entire
substrate is provided with conductive coating 42 out of
which contact surfaces 2 with the leads leading to the re-
cesses are etched. The contact surfaces are therefore com-
pletely surrounded by conductlve mater1a1 whlch is prefera-
bly connected to ground contact 2a to protect the circuit .
from electrostatlc charges in a manner known as such.

The cross-sectional view of Fig, 10 indicates that re-
cesses 40 are filled with suitable resin 41 to.protect the -
point of connection between the end of the pafticular lead
and the IC module against environmental influences and me-
chanical stresses. .

In the embodiment shown, recess 40 is associated with
each terminal of the module and thus with each lead. It is
also possible to direct two or more leads jointly through
one recess to the termlnals of the module dependlng on the
paths of the leads.

The substrate shown in Figs. 9 and 10 involves the ad—
'vantage that it can be used in identification cards w1thout
additional measures using the inoorporation techniques de-
scribed above while maintaining the time-tested TAB tech-
nique (see also siemens-Bauteile-Report)Q.Using the incor-
poretion technique explained in connection with Figs. 1 to
3, middle web 17 of the cover film can be omitted. Using the
incorporation variant explained in connection with Flg 8,
film strip 32 can be dispensed with. _

To incorporate the substrate, a melt adhesive film can
again be used. An additional'film strip having the proper-
ties described above may also be used with this substrate
between the melt adhesive film and the IC module.

- Finally, Flgs. 11 and 12 show a further embodiment of a
carrier element for 1ntegrated circuits, which is esser-
tially characterlzed in that termlnals 43 of integrated
circuit 3 are not located in the edge area of the chip sur-
face, as is usual and shown in Figs. 10 and 11.
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With the carrier element shown by way of example in
Figs. 11 and 12, terminals 43 of the circuit, to which the
ends of leads 4 are directed through recess 40 in film 10,
are located in the center of the circuit area. ThlS embodi~
ment involves several advantages.

"It is technically easier to handle the filling of cav-
ity 40 with a suitable resin or silicon because the volume
' of the cavity to be filled varies within narrow tolerances.

_If the circuit is pressed agalnst film 10 during flll-
ing so that the circuit closes off recess 40 on oOne 51de,
there is cavity 40 having a predefined volume whlch can be
fllled evenly" in a 51mple way in the productlon process once
the dosage 1s set. Even if there is a small gap between the
circuit and the film, which is also filled with the selected
- resin or silicon during the filling process, it has no ad-
verse effect on dosage since the amount flowing in here is
small and varies negligibly in different carrier elements.

' If a trarsparent resin or silicon gel is selected to
fill the cavity, irregular closure of the recess on the
surface of the carrier element does not dlsturb the appear-
ance either.

_ The arrangement of terminals 43 of module 3 shown in
the figures also involves the advantage'that'the soldered or
welded connections between the ends of leads 4 and terminals
43 of the module, due to their central position, are sub-
jected to less mechanical load with-respect to any tensile
or gravitational forces when the carrier element is bent
.than 1f the terminals are arranged decentrally in the edge
area of the circuit.

Finally, the shown placement of terminals 43 on the
circuit 1nvolves-the advantage that the lead routing and
thus. also the bonding tool can be retalned unchanged for
circuits of dlfferent 51zes.
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Claims

1. An IC module having integrated circuits, leads and

" "terminals which are connected by suitable connecting tech-
niques with further leads for communication with the cir-
‘cuit, characterized in"that the terminals (43) of the module
(3) are comblned in at least one group and dlsposed in an
inner reglon of .the area of the module (3).

2. The IC module of CIeim 1, characterized in that the
termlnals (43) are disposed 1n the center of the area of the
IC module 3). '



