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ARTICLE HAVING AN EMBEDDED ELECTRONIC DEVICE,
AND METHOD OF MAKING SAME

Kevin Kwong-Tai CHUNG

'.T'his Apﬁlication claims the benefit of U.S. Provisional Application Serial
Number 60/ 104,337 filed October 15, 1998, of U.S. Provisional Application Serial
Number 60/129,497 filed April 15, 1999, of U.S. Provisional Application Serial
Number 60/131,377 filed April 28, 1999, of U.S. Provisional Application Serial
Number 60/ 134,656 filed May 18, 1999, and of U.S. Patent Application Serial
Number 09/_ ___ filed October 4, 1999.

The present invention relates to an article, ahd, in particular, to an article |
having an embedded electronic device and a method for making the article.
| The p]astm credxt card" has seemingly become ubiquitous. Not only are

_ plastlc cards In use worldwide for purchasmg goods and services, whether through

credit or debit type accounts, but they are rapidly coming into use for many other
.uses, such as membershii) cards, library. cards, idenﬁﬁcation cards, access cards,
driver’s _licanses and the like. With the increasing use of plastic cards has come the
increasing misuse thereof, whether by thievés or persons seeking unauthorized access
or .a false identification.

The first innovation to make these ubiquitous plastic cards easier to use and
more secure against misusé was t_he_addition of a stripe of magnetic material in which
can be encoded in_formation facilitating the use of the cards, such as account numbers
and expiration dates, as well as s_ecix_rity infonnaﬁon, such as personal identifying
information and PIN numbefs. The magnetic stripe has the advantage of being easy
and inexpensive to manufacture and encode. The pmliferaﬁon of these cards is aided
by an International Standardizing Organization (ISO) standard for the dimensions and
.stripe properties for such cards. Thereafter followed the addition of an embossed
"holographic" or dxfﬁ'actlon grating optical patch that changed color and/or des1gn as
viewed from different angles onto the cards. These optical devices had the advantage
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* that they were very inexpensive to manufacture, but the manufacturer needed

sophisticated and expensive machinery to do so, thereby making counterfeiting
impractical.

Alas, the ingenuity of the thieves and counterfeiters has enabled them to also
reproduce magnetic stripe plastic cards and even embossed optical patch security
features. .To achieve greater security, a more sophisticated informaﬁon repository was
needed that is also more difficult to counterfeit, or at least one that is more expensive
and requires sophisticated production machinery. The embedded electronic device, in
particular the semiconductof chip, has provided the best solution thué far. Such
electronic devices may include 2 memory device, a microprocessor, or a combination
thereof, and are conventionally embedded in cavity formed in a plastic card blank.
Electrical signals are coupled into and out of such embedded electronic devices either
by direct électrical contact to contact pads on th.e plastic card in the case of "direct
contact type" cards or tags, or by radio-fréquency (rf) signaling between a card reader
and a receiver/transmitter antenna embedded in.the card in the case of "contact-less
type" smart cards or tags. A plastic card including one or more embedded electronic
devices is often referred to as a "smart card." '

Conventionally, .smart cards are bommonly made of rigid polyvinyl chloride
(PVC), however, PVC is gradually being replaced .by polyester thermoplastic (PET)
resin. The properties of these thermoplastic resins, particﬁlarly the melting
temperature, dictate for the most paft which of fhe available manufacturing processing
techniques have suitable temperature and time exposures and so may be employed.
PVC resin typically softens and deforms at a temperature around 60 - 80 °C,
depending on the amount of plasticiser used in the processing of the PVC card
substrate. Typically, the electronic device is mounted to and is electrically connected
to one side of a small printed wiring electronic .substrate by wire-bonding connections
using very fine gold or aluminum wires. This small substrate is necessary because the
bonding of the gold wires must be performed at a temperature of 150 - 250 °C which
is highér than the thermoplastic card substrates can withstand. After wire-bonding the

input/output connections of the electronic device to the electronic substrate with gold
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or aluminum wires, the electronic device is then encapsulated to the electronic
substrate with a glob of resin for both mechanical and environmental protection. This
intermediate electronic substrate with an electronic device wire-bonded thereto forms
a module that is subsequently bonded onto a cavity machined or otherwise formed in
the card substrate, which bonding is performed at a temperature around 60 °C.
FIGURE 1 is a cross-sectional side view of a prior art smart card 100 of this
type. Plastic card blank or substrate 102 has a cavity 104 formed therein. An
electronic module 110 includes an electronic device 112 attached to one side of an
electronic substrate 114, which may be of type FR4 printed circuit board material, for

example. Conventional conductive epoxy that cures at a temperature of about 150 °C

" attaches electronic device die 112 to substrate 114. Input/output connections from

electronic device 112 are connected by bond wires 116 to contact pads on electronic

- substrate 114 which connect to external contacts 118 on the other side thereof.

Electronic device 112 is encapsulated to electronic substrate 114 by encapsulant 118
which may be either dispensed thereon or molded thereto, typically at a temperature
of about 150 °C. - A quantity of adhesive is dispensed into cavity 104 of card substrate
102 and then module 110 is inserted therein to complete smart card 100. One problem
associated with this method of assembly is the need to precisely control the dispensing
of both encapsulant 120 and adhesive 106 so that the external surface of substrate 114
when fully inserted into cavity 104 is substantially co-planar with the one surface of
card substrate 102. In practice, thls is difficult to.achieve. In fact, the top of cured
encapsulant 120 is typically ground off to obtain the controlled thickness and parallel
surface necessary for proper assembly into a card. Another disadvantage results from
the individual handling and multiple wire bonds required for each electronic device,
and from the separate individual glob-type encapsulation process. Each of these
operations increases the cost of conventional smart card 100, so that the cost of each
card can be as high as $0.50 - $1.00 US per card when purchased by the customer.
Little improvement is possible with conventional methods, except possibly by using
adhesives that bond and cure faster to reduce the process time required to attach

module 110 to card substrate 102. Current production adhesives typically cure at a
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relatively low temperature, €.g., less than 60 °C for a reasonable time, e.g., 30 minutes
or longer.

Similar processes of wire bonding and assembling of électronic devices into a
smart card are employed for card substrates formed of PET resin. The properties of
PET resin differ from those of PVC primarily in the higher softening and deformation
temperatures of PET of about 110 - 130 °C. With PET resin card substrates, the
electronic device module attachment may be performed at slightly higher
temperature, for example, around 120 °C without causing a major problem. This
opens up additional possible uses of smart cards in higher temperature environments,
if smart cards having appropriate properties are available, but with the same problems
and disadvantages as set forth above for PVC cards.

Direct-contact type smart cards are also limited by the number of contacts that
are available between the smart card and the card reader, as well as the durability and
reliability limitations of electro-mechanical contaéts. A long-term solution that avoids
these limitations of smart card utilizes wireless communication methods to
communicate with a contact-less smart card. Because the card need not be in physical
contact with the card reader, but only need be "near" the reader, a contact-less smart
card is particularly suited important for fare and toll collectioh. access control, time-
attendance, and other conventional smart card applications. The characteristics of the
particular RF wireless communication link between the smart card and the card reader
determine what is "near” in a partichlar application, whether that be a matter or inches,
feet or yards, or a greater distance.

A typical prior art contact-less smart card 1, for example, a "Data Carrier
Having Separately Provided Integfated Circuit and Induction Coil" of U.S. Patent
5,880,934, is shown in plan and cross-sectional side views in FIGURES 2A and 2B.
Prior art contact-less card 1 has two outer substrates 10 on one of which is deposited
an induction coil 7 having coil leads 8 formed by one of conventional screen printing
an electrically-conductive adhesive, applying an electro-conductive coating by hot
stamping, punching out of a metal foil or an electro-conductively coated plastic film.

Separately, a module 6 is fabricated by attaching an integrated circuit 4 to contact
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elements 5 of a substraté’of modulé 6 by wire bonding andcovenng integrated circuit
4 with a glob of encapsulating material, although integrated circuit 4 could be attached
to the substrate of module 6 in a conventional manner by bonding the contact pads
thereof to contact elements 5 using electrically conductive adhesive. Module 6 is
then attached to top layer 10 by connecting contact elements 5 of module 6 to coil
leads 8 of induction coil 7 using electrically conductive adhesive. A conventional
card blank having a stepped cavity 3 therein for receiving integrated circuit module 6
is prepared by laminating two inner layers 11 each having an opening 3 of different
dimension therethrough that together form a stepped opening 3. Alternatively, one
inner layer 11 having a stepped opening 3 formed therein as by molding, machining or
hot-forming could be employed, or the inner layers 11 could be lanﬁnated to the
bottom outer layer 10 before module 6 is inserted into opening 3. Finally, top cover
10 and the prepared card blank of layers 11 are positioned so that module 6 extends
into stepped opening 3 and the cover and inner layers 10, 11 are laminated together,
for example; between flat plates at a temperature and for a time appropriate for the
layers 10, 11 to form a permanent bond of the complete contact-less card 1. _

Due to the many separate steps in the manufacture of prior art smart cards, the -
current cost of a contact-less smart card made by conventional methods is several
times more than that of a direct-contact type smart card, and so tends to prevent the
wider use of smart card technology. While the cost of the electronic device may be
increased slightly by the need for transmitting and receiving circuits, that cost is
overshadowed by the cost of packaging and assembling the contact-less card. The
reason the packaging cost is quite a bit more than that of contact type cards is
principally due to the need for an embedded antenna and a separately packaged and
tested module including the electronic device. In particular, the RF loop antenna must
be formed on a substrate, whether by attaching a loop of wire or other conductor
thereto or by depositing a loop of conventional thick-film conductive ink thereon as
described above. Curing the deposited, attaching the electronic device to the substrate
by conventional adhesive dispensing, and curing, and adhesively Iaminating the

substrate to the card substrate, all add production steps, time and cost. All this is
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* similar to the problems associated with coniventional assembly processing for prior art

 direct-contact type smart cards:

Accordingly, there is a need for a card that is simpler and less expensive to
make and for a method of making cards that avoids the need to individually handle,
wire bond and encapsu'latt;' ‘electronic devices. It would be desirable that such method
lend itself to automated processing as may be suitable for higher-speed and higher
volume produétion than'afe available under the conventional methods-described
above. '

To this end, the article of the present invention comprises a substrate having
first and second opposing surfaces, an electronic device mounted on the first surface
of the substrate, and a layer of melt-flowable adhesive on the first surface of the
substrate covering the electronic device, wherein the electronic device is encapsulated
by the layer of melt-flowable adhesive.

According to a further aspect of the invention, a method of makmg an article
having an electronic device embedded thereln comprises:. -

providing a substrate having first and second opposing surfaces;
attaching an electronic device to the first surface of the substrate;
- providing a layer of melt-flowable adhesive proximate the first surface
of the substrate of sufficient thickness to cover the éle_ctronic device; and

melt flowing the melt-flowable adhesive to encapsulate the electronic

“device to the substrate.

BRIEF DESCRIPTION OF THE DRAWING
The detailed description of the preferred embodiments of the present invention

‘will be more easily and bettet understood when read in conjunction with the

FIGURES of the Drawing which include:

FIGURE 1 is a cross-sectional side view of a prior art smart card of the direct

contact type;
FIGURES 2A and 2B are plan and cross-sectional side views, respectively, of

a prior art smart card of the contact-less type;

£l
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FIGURE 3 is % &ross-sectional side view of a paniel’of electronic substrates and
a plurality of electronic devices in accordance with the present invention;

FIGURE 4 is a cross-sectional side view of the panel of electronic substrates
and electronic devices of FIGURE 3 having an adhesive layer thereon;

" FIGURE 5 is a cross-sectional side view of an embodiment of a contact type
smart card including an electronic substrate and electronic device according to
FIGURE 4; _

FIGURES 6 and 7 are graphical representations of the strength characteristics
of certain materials useful with the present invention over a range of temperature and
over time of exposure to moisture, respectively; _

FIGURE 8 is a cross-sectional side view of an embodiment of the smart card
of FIGURE 5 including an alternative electronic substrate and electronic device;

FIGURES 9 and 10 are cross-sectional side views of further alternative
embodiments of a contact type srﬁart card including an alternative substrate;

FIGURES 11 and 12 are a plan view and a side view, respectively, ofan
exemplary substrate for a contact-less card according to the present invention;

FIGURES 13 and 14 are cross-sectional side views of alternative exemplary

- embodiments of a contact-less card according to the present invention;

FIGURES 15 and 16 are plan views of an alternative exemplary substrate for a
contact-less card according to the present invention; and
FIGURE 17 is a manufacturing arrangement useful with the foregoing

electronic substrates and cards.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
- FIGURE 3 is a cross-sectional side view of a panel 220 of electronic substrates

employed in the method of making smart cards or other articles in accordance with the

present invention. Panel 220 is intended to be cut apart or singulated at dashed cut

lines 222 to produce a plurality of individual electronic substrates 224. Panel 220 is
typically formed of a conventional printed wiring circuit board material, such as FR4

material, but may be formed of other suitable electronic substrate materials, such as a

- PCT/US99/23850
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flexible circuit of polyimide or other plastic material or alumina, ceramic, and the like.
Panel 220 has a pattern of contact pads formed on each of the broad surfaces thereof.
The pattern of contact pads 226 on one surface of substrate panel 220 includes groups
of contact pads 226 each associated with one of the individual substrates 224 and
arranged relatively for making direct contact with-a card reader for the smart card, in
accordance with the applicable standard therefor, such as an ISO standard. The ISO
standard size for contact-type cards is about 85.725 mm by 53.975 mm by 0.787 mm
(about 3.375 inch by 2.125 inch by 31 mils). A corresponding pattern of contact pads
228 on the opposing surface of substrate panel 220 includes groups of contact pads
228 each of which is associated with one of the individual substrates 224 and is
electrically connected to the corresponding contact pads 226 by conductive vias 227
through substrate 220. An electronic device 212 is to be attached to the group of-
contact pads 228 on each particular individual substrate 224. .

Thereafter, 2 plurality of electronic devices 212 are attached to substrate panel
220, as by conventional pick-and-place equipment or other suitable placement
mechanism, and are bonded thereto by electrically conductive interconnects 218
formed from features or bumps of electrically-conductive material that are deposited
on the contact pads 228 of substrate panel 220 or on the contact pads 214 of electronic
device 212 prior to attachment. Preferably, conductive bumps 218 are deposited on
the contact pads 228 of a large number of individual substrates 224 that have been
formed on substrate panel 220. Substrate panel 220 is later separated into individual
circuit substrates 224.

Alternatively, conductive bumps 218 can be deposited on the contact pads 214
of electronic device 212 rather than on the contact pads 228 of substrate panel 220. In
this arrangement, it is preferred that the conductive bumps 228 be deposited onto the
contact pads 214 of the electronic devices 212 before the electronic devices 212 are
separated into individual devices, e.g., after the electronic devices 212 are formed on a
semiconductor wafer, but before the semiconductor wafer is diced or singulated into
individual semiconductor die each containing an electronic-device 212.

Conductive bumps 218 are deposited onto substrate 220 or electronic devices
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212 by screen printing, stenciling, mask printing, ink-jet printing or other suitable
method, and are allowed to dry or B-stage. An advantage of the foregoing method is
that conductive bumps are deposited on a large number of substrateé or electronic
devices in a single operation, thereby avoiding the time and expense of dispensing of
adhesive to form individual bumps or groups of bumps.

Electronic devices 212 are then attached to substrate panel 224 as follows
Where conductive bumps 218 are solder bumps, such as my be formed by the
conventional "C4" solder bumping and connection process, substrate 220 is heated td
a temperature less than the reflow temperature of solder, i.e. less than about 220 °C |
for tin-lead eutectic solders, and electronic devices 212 are heated to a temperature
higher than the melting temperature of solder and are placed against substrate panel
220 in the proper locations. Upon contact, the solder bumps 218 melt and then
solidify to form solder interconnections 218 between the contact pads 214 of ..
electronic device 212 and the corresponding contact pads 228 of substrate panel 220.

A like attachment process is employed where the conductive bumps 218 are formed of
a thermoplastic conductive adhesive bumps 218 or a rapid curing B-stageable
thermosetting conductive adhesive and the substrate panel 220 is heated to a
temperature less than the melt flow temperature of the conductive adhesive and the
electronic device 212 is heated to a temperature higher than the melt flow temperature
of the conductive adhesive. High temperature materials, such as solder or high melt
temperature adhesives, may be employed in this stage of fabrication because both the
electronic devices 212 and the substrate 220, which is typically an FR4 or other
conventional printed wiring circuit board material or other suitable electronic
dielectric substrate, can withstand such temperatures.

In FIGURE 4, substrate panel 220 of electronic substrates 224 havmg
electronic devices 212 attached thereto, is covered with an adhesive layer 206 of
uniform thickness that encapsulates electronic devices 212 and is to serve as an
adhesive for assembly of substrates 224 into smart cards. Adhesive layer 206 is
formed of an insulating thermosetting or thermoplastic adhesive that is applied by roll

coating, screening, stenciling or other wise applying an adhesive in liquid or paste
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form over the surface of substrate panel 220 on which are attached electronic devices
212, and then drying or B-staging thc- ad_hesivc.. Adhesive layer 206 may also be
formed by laminating a sheet of dry or B-staged insulating thermosetting or
thermbplastic adhesive onto the surface of substrate panel 220 on which are attached
electronic devices 212 under suitable tempefaturé and pressure to attach, but not cure,
the adhesive material. The result is a panel of a pluralify of electronic modules 210
that are attached together, each electronic 'deule 210 including an electronic device
212 attached to an electronic substrate 224 and encapsulated by a layer 206 of
insulating adhesive of substantially uniform thickness. Advantages of this method
include that all of the electronic modules 210 are encapsulated in a single operation
that produces a flat adhesive surface b‘ar‘allél to the circuit suﬁstrate, and that the
material 206 utilized serves both as an encapsulant of electronic device 212 and asan .
adhesive in subsequent assembly. Substrate panel 220 is th_eﬁ cut or singulated into
individual electronic modules 210 for assembly into a smart card. It is noted that not
only is the thickness of the adhesive layef 206 uniform, but the thickness is .
controllable and consistently repeatable so that cards are not rejected because the. -
substrate 224 either protrudes from or is recess'.ed under the surface of the card blank,
as can occur to a much greater eXten_t. under the conventional assembly method. In
addition, because the adhesive layer 206 cdnfo_rms to the electronic device 212 it
sunoundé, there is no need for an undcrﬁil of i_nsulating adhesive, thereby avoiding
additional processing. . |

FIGURE 5 is a cross-sectional side view of an exemplary embodiment of a
complete direct-contact smart card 200 61' like article including an electronic module
210 having a substrate 224 and an electronic device 212 according to FIGURE 4.
Card blank 202, which may be of PVC, PET, acrylonitrile-butadiene-styrene (ABS),
high-impact polystyrene (HIPS), polyimide, polyester, or other plastic, or other
suitable material, has a cavity or recess 204 therein that is sized to receive electronic
module 210 therein and is located on blank 202 in accordance with the applicable ISO
or other standard. Electronic module 210 is placed into cavity 204, for example, by

automated pick-and-place equipment or other suitable placement means, and bonded
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in place by adhesive 2(§6fhereof :

Where card biank 202 is of rigid PVC which has a deformation temperature of
about 60 - 80 °C, an adhesive that bonds at a temperature below about 80 °Cis
preferred. 'One suitable thermoplastic adhesive that melts and bonds instantly when
pressed against PVC under a pressure of about 5 psi (about 0.35 kg/cm?) at a
temperature of 70 °C is type MB7060 adhesive which is available commercially in
sheet form from Al Technology, Inc., located in Princeton, New Jersey. Where card
blank 202 is of PET which has a deformation temperature of about 120 °C, an
adhesive that bonds at a temperature below 120 °C is preferred. Suitable
thermoplastic adhesives that melt and bond instantly when pressed against PET under
a pressure of about 5 psi (about 0.35 kg/cm?) include type MB7060 which bonds at a
temperature of about 65 - 75 °C, type MB7070 which bonds at a temperature of about
70 - 90 °C, and type MB7100 which bonds at a temperature of about 110 °C, all of
which are commercially available in sheet form from Al Technology, Inc. Type
MB7060 may be bonded at a lower temperature, such as 60 °C ifa higher pressure is
utilized, as is the case with types MB7070 and MB 7100 as well. Further, where a
high temperature and high-strength bond is-desired, an epoxy adhesive, such as type
ESP7450-SC thermosetting epoxy adhesive available from Al Technology, may be

| employed. Type ESP7450-SC has a high bond strength up to temperatures of about

125 - 150 °C, yet is flowable (under a pressure of about 5 psi (about 0.35 kg/cm?))
and curable in less than 30 minutes at a temperature of about 80 °C. Each of these
adhesives has a die-shear strength greater than 500 - 1000 psi (35 - 70 kg/cm?) at
temperatures below about 45 °C as is illustrated by the die shear strength
characteristics of FIGURE 6, although a bond strength of about 200 psi (about 14
kg/cm?) at temperatures below about 45 °C is sufficient for many smart card
applications. In addition, these adhesives are insensitive to exposure to moisture as is
desirable for cards to be used in tropical climates, or to track items being laundered or
otherwise processed, as is illustrated by the die shear strength moisture exposure
characteristics of FIGURE 7.

Where electronic devices 212 are attached or bonded to substrate 220 by
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deposited bumps 218 of an electrically conductive adhesive, preferred adhesives are

- thermoplastic and thermosetting adhesives thaf are "flexible" when cured, i.e.

adhesives that have a modulus of elasticity that i_s less than about 500,000 - 1,000,000
psi (about 35,000 - 70,000 kg/cm?) over most of the range of temperatures that the
bonded electronic device 212 is spec‘i_ﬁed to operate over. Suitable conductive
adhesives include t'ypes PSS8090 and PSS8150 thennosetting paste adhesives which
are melt-flow bondable at temperatures of about 120 °C and 200 °C, respectively, and
are available from Al Technology, Inc. Type PSS8090 may be melt-flow bonded at a
lower temperature, such as 100 °C, ifa higher pressure is utilized, as is the case for
type PSS8150 as well. If it is desired to employ an adhesive ﬁnderﬁll between
electronic device 212 and substrate 224, an insulating adhesive that will be drawn
under the electronic device 212 when dispensed and having a modulus of elasticity no
greater than that of the conductive adhesive utilized for the conductive electrical
connections 218 should be employed. For ekample, type MEE76’_50 flexible
insulating thermosetting epoxy adhesive available from Al Technology, which has a.
modulus of elasticity of about 10,000 psi (about 700 kg/cm?), is suitable for use with
types PSS8090 and PSS8150 conductive adhesives, as is type MEE7650-5 which is
more flexible. '

FIGURE 8 is a cross-sectional side view of an alternative embodiment of a
smart card 200’ including an electronic module 210’ in which electronic device 212 is
wire-bonded to substrate 224. Other than for electronic device 212 being mounted to
substrate 224 with its contact pads 214 on the side thereof away from substrate 224,
with wire bonds 219 electrically connecting contact pads 214 of electronic device 212
to contact pads 228 of substrate 224, card 200 is like card 200 described above and is
fabricated in the same manner. Specifically, electronic devices 212 are mounted to a
panel 220 of substrates 224 by a standard conductive epoxy attachment, typically
cured at 150 °C, and are connected to the contact pads thereof by bonding wires 219,
such as gold wires bonded at 150 - 200 °C. Then adhesive layer 206 is applied to
encapsulate electronic device 212 and provide a uniform thiékness of adhesive for

bonding electronic modules 210’ ihto respective cavities 204 in card blanks 202 as
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above, after substrate Zﬁﬁ’ls singulated into individual elecfi'omc modules 210°.
Adhesive layer 206 mé,y be applied in liquid or paste form as by screening, stenciling,
masking, ink-jet printing or other suitable method or may be ah adhesive sheet
laminated to substrate 220.

Advantageously, the separate operations of first glob encapsulating the
electronic devices and then dispensing adhesive to bond them into the card blank are
eliminated. However, even if electronic devices 212 were to be glob encapsulated and
cured, typically at 150 °C, the method according to the present invention could still be
employed to form an adhesive layer 206 thereover having uniform thickness for
proper bonding into cavity 204 of card blank 202 at a suitably low temperature.

FIGURE 9 is a cross-sectional side view of an embodiment of a contact type
smart card 300 including an alternative laminated substrate 301. Rather than a
substrate 202 having a cavity 204 of given depth into which an electronic module 210
is placed as described above in relation to cards 200 and 200’ of FIGURES 5 and 8,
card 300 has a substrate 302 having a pre-cut through hole cavity 304 therein for -
receiving electronic module 210. A thin base substrate 308 of suitable card material,
e.g., PVC, PET, polyimide, or other plastic, is coated with a thin layer of compatible
melt flowable adhesive 306 and is laminated to substrate 302 which is of like substrate
material. Adhesive layer 306 may be relatively thin, e.g., about 50 «m (about 2 mils)
or may be relatively thick, e.g., about 500 zm (about 20 mils) as compared to the total
thickness of card 300, e.g., 0.78 mm (about 31 mils). If the electronic module 21(_) is
relatively thin and has parallel front and back surfaces, as with a ground glob-top
module, then a relatively thin adhesive layer 306 is sufficient. If the electronic device
of the module is thicker and so extends substantially from the individual substrate to
which it is attached, then a thicker adhesive layer 306 is desirable. The thickness of
substrate 302 may be slightly greater than the thickness of the electronic device 212 of
module 210, particularly where the electronic device 212 is relatively thin, and the
thicknesses of base substrate 308 and adhesive layer 306 are selected so that the total
thickness of card 300 is compatible to the applicable card standard. -Electronic
modaule 210 is the same as described above in relation to FIGURES 3 - 5.
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As is shown in the expanded inset portion of FIGURE 9, upon lamination of
card substrate 302, adhesive layer 306 and substrate 308 to form card 300, the .
electronic device 212 of module 210 extends into the adhesive of adhesive layer 306
causing adhesive to flow into cavity 304 in card substrate 302, thereby embedding
electronic module 210 in adhesive layer 306 to secure mod_uléf 210 in proper position
relative to card substrate 302 and card 300. Preferably, cavity 304 is-about 75% filled
with adhesive from adhesive layer 306. Although greater or lesser thicknesses of -
adhesive layer 306 may be employed to increase and decrease the filling of cavity
304, it is undesirable that adhesive overflow cavity 304 when module 210 is inserted
therein or that module 210 not be sufficiently embedded into adhesive layer 306, and
the thickness of adhesive layer 306 should be controlled to avoid such conditions.

It is noted that the substantial thickness of the adhesive layer 306 that may be
employed in a card according to the present invention reduces the thickness of the
card substrate 302, serves as part of the structuré of the card as well as an adhesive,
and facilitates construction of é card 300 having fewer substrate layers, e.g., only two
substrate layers 302 and 308. Thisisa substantial advantage as comparedtoa
conventional card which requires at least three or four layers, including the two layers
required to form the stepped cavity or hole into which a conventional electronic
module is inserted, and which must be properly registered for such purpose.
Additionally, the use of special adhesives that must be precisely dispensed onto the
shoulder of the cavity of the prior art cards for bonding the edges of the contact
module thereto is eliminated in the present invention. Further, the lower lamination
temperatures of the present invention avoid the need to heat the PVC substrates to
temperatures approaching their melt-flow temperatures at which it Becomes difficult
to preserve the printable quality of their surface finish.

Card 300 is made as follows. A 2 - 5 mil thick (0.05 - 0.13 mm) layer of type
MB7060 adhesive available from Al Technology is applied onto 22 - 10 mil (0.05 -
0.25 mm) thick sheet of PVC base substrate 308 material, by laminating a sheet of
such adhesive thereto or by roll coating, screening, stenciling or other suitable method

of depositing adhesive thereon. A sheet of 12 - 18 mil thick (0.3 - 0.45 mm) PVC
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substrate 302 material having die-cut through-hole cav1t1es304 therethrough is
laminated with the sﬁéet of base substrate 308 material and adhesive layer 306 to form
laminated substrate 301 having, for example, a thickness consistent with the
applicable ISO standard, i.e. about 0.78 mm (about 31 mils). The thickness of
substrate 302 is selected consistently with the thickness of the electronic device or
module that will reside in the cavities 304 thefethr_ough. Lamination is performed_ ata
temperature of about 65 - 75 °C for annealed _PVC\substrate materials. Cavities 304
are located relative to each other so that when the sheet of lamiﬁated substrates 301 is
cut into individual card substrates, cavities 304 will be in the po_sitibn prescribed by
the applicable card standard. It may be advantageous to employ guide holes or other
indexing indicia in the sheet of laminated substrates 301 in a2 known predetermined
positional relationship to the cavities 304 to facilitate placement of electronic modules
210 into cavities 304 and/or the singulation of the sheet of laminated substrates 301
into individual substrates 301 or cards 300. Electronic r_nodulés 210 are placed and
bonded into the respective cavities 304, such as by standgrd_pick—and—_place |
equipment, with their respective contact pads 226 exposed. Preferably, laminated
substrate 301 is heated to a temperature of about 65 - 75 °C and electronic module
210 is pressed into cavity 304 with a pressure of about 3 - 10 psi (about 0.2-0.7
kg/cm?)to flow the type MB 7060 adhesive. The sheet of completed cards is then
printed with the appropriate customer information and is cut or singulated into |
individual cards 300. Alternatively, the cover or outer layers may be preprinted in a
web or panel form having suitable guide holes or other indicia for proper poéitioning
and registration.

FIGURE 10 is a cross-sectional side view of a further altemnative embodiment

of a contact type smart card 300 that is the same as card 300 except that a glob-

" encapsulated wire-bonded module 210’ as described above in relation to FIGURE 8 is

bonded into cavity 304 of card substrate 302. Card 300’ is made by the same process
as is card 300 described above, and may utilize the same materials and adhesives. In
like manner to card 300, upon lamination to form card 300°, adhesive from adhesive

layer 306 flows into cavity 304 in card substrate 302 embedding electronic module
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210’ therein to secure module 210’ in proper position relative to card substrate 302
and card 300°. | '

Alternatively, the sheet of laminated substrates 301 may be singulated into
individual Iaminé.ted substrates 301 before .ari electrohic module 210, 210’ is placed
and bonded into éévity 304 at the temperature and pressure stated above. Also, the
thickne'ss.e.s of substrate 302, adhesive layer 306 and base substrate 308 may be varied
to obtain different card 300, 300° thiéknesses,‘ however, the thickness of the adhesive

.layer 306 should be selected for proper adhesive flow when laminating substrate 301

to the desired thickness. The materials described above in relation to cards 200, 200’
such as PET and type MB71 00 adhesive, for example, may also be employed in
making cards 300, 300°. | -

Tt is noted that other contact modules may be employed in the articles and
methods described herein. For example, the contact modules described in U.S. Patent
Application Serial Number 09/ entitled "Contact Module, As For A
Smart Card, And Method For Making Same" filed by Kevin K-T Chung on even date
herewith, which appliéation i hereby incorporateéd herein by reference it its entirety,
may be employed. ' .

Contact-less cards, on the other hand, are advantageous because they do not
require the making of electro-mechanical contact with a card reader, and so not only
do they avoid the potential poorécoﬁtact problems caused by contamination, oxidation
and corrosion, but they also may oi:e'rate with a card reader over an RF link covering a
substantial distance. FIGURES 11 and 12 are plan and side views, respectively, of an
exemplary substrate 402 for a contact-less card 400 having an electronic device
embedded therein. Substrate 402 is formed of a thin sheet of substrate material, such
as PVC, PET, ABS or HIPS, polyimide, polymer film, or other plastic, or paper film,
or other suitable material, on which is deposited an elongated electrical conductor 404
that serves as an RF loop antenna 404. Antenna 404 is formed of a thermoplastic or
thermosetting polymer adhesive that is made electrically conductive by the inclusion
of electrically conductive particles therein. Electronic device 410 is attached to

substrate 402 in a flip-chip manner by electrical connections 406 that bond the contact
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pads thereof to the end of the elongated conductive pattern 404 of conductive
adhesive that serve as the contacts of RF loop antenna 404. Connections 406 to
electronic device 410 at the ends of conductive pattern 404 may be made while the

conductive adhesive thereof is wet by placing electronic device 410 thereon or

. conductive adhesive pattern 404 may be dried or B-staged before electronic device

410 is placed to contact the ends thereof by melting or curing the conductive adhesive.
As a result, and beneficially, the substrate is made in a single deposition rather than
requiring the deposition of a thick-film ink to form the antenna conventionally and
conductive bumps to form interconnections between the antenna and the electronic
device.

" A stencil, screen or mask defining the pattern of antenna 404 is employed to
deposit electrically conductive adhesive on substrate 402 in the pattern of antenna
404. Typically, the substrate 402 is between about 0.25 mm and 1 mm thick (about
10 - 40 mils thick), and the conductors forming antenna 404 are about 250 um (about
10 mils) wide and are within the range of about 25.m to 125zm thick (about 0.5 to 5
mils thick). In most cases, the conductors of antenna 404 are about 50 - 100 zm t_hick
(about 2 - 4 mils thick) when wet and about 25 - 75 um thick (about 1 - 3 mils thick)
after drying or B-staging. Suitable conductive adhesives include, for example, type
PSS8150 thermosetting conductive adhesive filled with silver particles which is
available from Al Technology, Inc. located in Princeton, New Jersey. The deposited
conductive adhesive is dried or B-.staged by heating in an oven. Electronic devices
410 may be positioned to the substrate 402 either when the adhesive is still wet from
being deposited or after the conductive adhesive is dried or B-staged.

Where antenna 402 has plural turns and electronic device 410 bridges one or
more turns of antenna 404 or other conductors formed of electrically-conductive
adhesive, and particularly where the width or spacing of such conductors is small, i.e.
less than about 0.25 - 0.5 mm (about 10 - 20 mils), the deposited conductive adhesive
is preferably dried or B-staged before attachment of electronic device 410. A second
deposition of the same electrically-conductive adhesive is made to deposit a second

layer of adhesive on bumps 406 to which electronic device 410 may be attached while
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the second layer of adhesive is wet or after drying or B-staging. However, where the
conductor width or spacing is small, it is prefeired that attachment of electronic device
410 be after the second deposition of conductive adhesive on bumps 406 has been
dried or B-staged. _

Optionally, but in many applications, preferably, an iﬁsulating adhesive
underfill in liquid form may be applied along the edges of electronic device 410 from
where it flows by capillary action to substantially fill the remaining volume between
electronic device 410 and substrate 402 fhat is not filled by conductive adhesive.
Such adhesive underfill provides additional mechanical strength to the attachment of
electronic device 410 to substrate 402 and resistance to moisture and other potential
contaminarits. Where the electrically-conductive adhesive is a flexible adhesive such
as type PSS8150, as is desirable where the substrate 402 is somewhat flexible, a
flexible adhesive underfill, such as type MEE7650 or type MEE7650-5 thenn§plasﬁc .
epoxy adhesive also available from Al Technology, is preferably utilized.

FIGURE 13 is a side cross-sectional view of an exemplary card 400 including
a substrate 402 as described above. Separately, a card blank 420 of PVC or PET
material corresponding to that of substrate 402, having a cavity 422 therein for
receiving electronic device 410 is prepared for assembly into a complete card by
laminating'a melt-flowable adhesive sheet or layer 424 thereto (although,
alternatively, and possibly in some cases preferably, the adhesive sheet 424 could be
laminated to substrate 402). Substrate 402 and prepared card blank 420 are aligned so
that electronic device 410 is positioned to go into cavity 422 of card blank 420.
Substrate 402 and card blank 420 are laminated together, for example, between two

‘heated flat plates or between heated rollers, at a temperature and for a time appropriate

for adhesive layer 424 to melt flow and form a permanent bond of substrate 402 to
card blank 420 to form the coinplete contact-less card 400, with electronic device 410
positioned in cavity 422 and encapsulated between substrate 402 and card blank 420
by melt-flowable adhesive 424.

FIGURE 14 is a cross-sectional side view of another alternative exemplary

embodiment of a contact-less card 400’ according to the present invention. Card 400°,
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like card 400 described 6ve, includes a prepared substrz;,fe402 with loop antenna
404 and electronic dévice 410 mounted thereon as described in relation to FIGURES
11 and 12. Card blank 420° of PVC or PET material corresponding to that of
substrate 402, does not have a cavity for receiving electronic device 410, thereby
advantageously simplifying the making of card 400’ and eliminating a processing
step. Substrate 402 is prepared for assembly into a complete card by roll coating a
layer 424 or laminating a sheet 424 of melt-flowable adhesive thereto or, alternatively,
by laminating an adhesive sheet 424 to card blank 420°. Adhesive layer 424 has a
thickness greater than the height (thickness) of electronic device 410 above substrate
402 so that it is sufficient to cover and encapsulate electronic device 410. It is noted
that the adhesive of which layer 424 is formed is preferably selected to be of a
different type than is the conductive adhesive of which loop antenna 402 and contacts

406 are formed so as to avoid the smearing thereof, such as an adhesive based upon a

different chemistry of its molecular and physical structure, such as one being a

" thermosetting adhesive and the other being a thermoplastic adhesive or two adhesives

employing different solvenst so that the solvent of the one adhesive does not affect or
dissolve the 6ther adhesive. Smearing is also avoided if layer 424 is formed by
laminating a sheet of driéd or B-staged, i.e. solvent-free, adhesive to substrate 402.
Substrate 402 and card blank 420° are laminated together between heated flat plates or
heated rollers, at a temperature and for a time appropriate for adhesive layer 424 to
melt flow and form a permanent bond between substrate 402 and card blank 420’
thereby to form the complete contact-less card 400’ with electronic device 410 -
positioned and encapsulated between substrate 402 and card blank 420 by melt-
flowable adhesive 424.

FIGURE 15 is a plan view of a substrate 402 as for cards 400, 400’ above in
which an alternative arrangement for mounting an electronic device 410’ to substrate
402 is employed. Electronic device 410, for example, a semiconductor die, which is
illustrated apart from substrate 402, has two contact pads 412’ located, for example,
spaced apart along opposing edges thereof. RF loop antenna 404’ of suitable width

and conductivity is deposited, as by screen printing, stenciling or other suitable
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method of depositing an electrically-conductive adhesive, onto substrate 402 and has
at the ends thereof contacts 406’ of RF loop antenna 404’ spaced apart the same
distance as are contact pads 412’ of electronic device 410’ for making electrical
connection thereto. In addition, a support 408 is deposited onto substrate 402 for
supporting a part of electrbnic device 410’ apart from contact pads 412 thereof.
Support 408 may be deposited at the same time and of the same material as is anfterma
404" if the surface of electronic device 410’ to which it-wili be attached is passivated
or coated so that the function of electronic device 410 will not be compromised by
having electrically-conductive adhesive attached thereto, or support 408 may be
deposited separately or of a different material, such as an electrically insulating
adhesive. Alternatively, a second deposit of electrically-conductive adhesive may be
made onto contacts 406’ to increase the height thereof, and a second deposit of
adhesive may be made onto support 408 to similarly increase the height thereof.
Electronic device 40’ is ﬂipped over and mounted to substrate 402; asis
shown in FIGURE 16, with contact pads 412’ connecting to antenna contacts 406’ and
with electronic device 410 also being éupported by support 408. Electronic device
410’ can be attached to substrate 402 while the adhesive deposited to form contacts
406’ and support 408 are still wet, or the adhesives forming contacts 406’ and support
408 may be dried or B-staged prior to attachment of electronic device 410’ thereto.
Where a thermoplastic adhesive is utilized for contacts 406’ and support 408,
electronic device 410’ may be attached to substrate 402 by heating substrate 402
and/or electronic device 410 to an elevated temperature sufficient to melt flow the
thermoplastic adhesive (i.e. make it wettable for bonding and curing) when substrate
402 and device 410’ are pressed together. Where a thermoseting adhesive is utilized
for contacts 406’ and support 408, electronic device 410° may be attached to substrate
402 by pressing device 410’ into the wet thermosetting adhesive or by heating
substrate 402 and/or electronic device 410’ to an elevated temperature sufficient to
melt flow the B-staged thermosetting adhesive (i.e. make it wettable for bonding and
curing) and pressing substrate 402 and device 410’ together. The thermosetting

adhesive may then be cured by heating for a sufficient time at an appropriate elevated
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temperature.
' The preferred adhesive for card 400, 400’ is a type PSS8150 electrically-
conductive, ﬂexiblé thermosetting adhesive also available from Al Technology, which
may be printed with a suitable width and thickness, e.g., about 1 mm wide and 0.1
mm thick, to provide suitable conductivity and quality factor Q of antenna 404’. An
underfill may be employed to better secure electronic device 410’ to substrate 402
after it is attached thereto by contacts 406> and support 408’. Where electronic device
410’ is of small size, e.g., less than about 5 mm along its edge, an underfill of rigid
material or of flexible material may be employed, with a flexible underfill material
being employed where substrate 402 is flexible. If device 410’ is larger, however,
than about 5 mm along any edge and a rigid substrate such as an FR4 substrate is
employed, or if substrate 402 is flexible, or if the adhesive employed for contacts 406’
and/or support 408 is a flexible adhesive, then a flexible adhesive underfill is

preferred. The underfill adhesive provides additional strength for the bond between

‘device 410° and substrate 402, and also provides additional insulation and resistance

to intrusion of contaminants, including migration of silver from the conductive
particles that might be employed to impart conductivity to an electrically-conductive
adhesive. The preferred adhesive for flexible underfill is a type MEE7650-5
electrically-insulating, flexible thermosetting adhesive also available from Al
Technology, which may be applied along the edges of electronic device 410’ and is
drawn between device 410” and substrate 402 by capillary action. In addition, the
same flexible insulating adhesive material may be employed as a protective coating
for substrate 402 and card 400, 400’ to resist mechanical abrasion of RF loop antenna
404’ and contact of contaminants and other environments therewith. Because the size
of the electronic devices usually utilized in these types of cards, rigid adhesive
underfill may be utilized if additional mechanical protection is desired.

The method of making an exemplary card 400’ is as follows. A 7-mil thick
(0.178 mm) sheet of annealed, highly-printable PVC is obtained. Preferably, the sheet
is of sufficient size that a plurality of substrates 402 may be made contemporaneously.

For example, an 11-inch by 11-inch (about 28 mm by 28 mm) sheet is convenient for
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making a panel containing a 3 by 4 amray of 12 substrates, or an 11-inch by 18-inch
(about 28 mm by 46 mm) sheet is convenient for making a p'_anel confaining a 3 by 8
array of 24 substrates, each with sufficient unused peripherél. area of the sheet
remaining for the placem:e'ﬁt of guide holes or other indexing and alignment indicia
that facilitate placement and alignment of the sheet, for exmﬁple, with respect to
screens and stencils, pick-and-place eQuipment, laminating equipment, die-cutting
equipment, and the like. An electrically-conductive adhesive, such as type PSS8090
thermoplastic highly-electrically-conductive (e.g., <0.001 _dh_m-cm conductivity)
adhesive available from AI Technology, is sereen printed onto the PVC sheet at a
thickness of about 2 mils (about 0.05 mm) to form the conductive loop antennae 404
and contacts 406 to which electronic devices 410 are to be attached in a single step,
although stenciling, maskiﬁg, ink-jet printing or other suitable deposition method
could also be utilized. While the conductive adhesive is still wet, electronic devices
410 are heated to a temperature sufficient to melt-flow the conductive adhesive and
are placed onto the PVC sheet substrate in the proper positions for contacts thereon to
make electrical contact and bond with the conductive adhesive at the ends of the 24
eclongated patterns of c'oﬂductive adhesive loop antennae by pick-and-place ..
equipment. The substrates 402 with electronic devices 410 thereon are then dried or
B-staged in an oven at about 60 °C, and may be inspected and electrically tested, if
desired. A 10-mil thick (0.25 mm) sheet 424 of dried type MB7060-W melt-flowable
white-pigmented adhesive is laminated to another sheet of 7-mil thick (0.178 mm)
annealed highly-printable PVC at a temperature of about 75 °C. Preferably, this PVC
sheet is of like size to that of which the plurality of substrates 402 are made, i.e. an
11-inch by 18-inch (about 28 mm by 46 mm) sheet for making a 3 by 8 array of 24
card blanks 420’ with sufficient unused peripheral area of the sheet remaining for the
placement of guide holes or other indexing and alignment indicia corresponding to
those on the sheet of substrates 402 that facilitate placement and alignment of these
two sheets. With proper indexing and sufficient precision of size, individual panels
can be laminated to a web form for ease of subsequent die cﬁ.tting and further

processing. The sheet of substrates 402 and the sheet of card blanks 420’ are roll
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laminated together at_a%%%perature and speed selected tﬁ‘f’”alﬁe the adhesive 424 to
about 65 - 75 °C, whiéh may be facilitated by pre-heating the two sheets to about 50 -
60 °C and also by employing heated pinch rollers spaced apart by a distance equal to
the thickness of the finished card 400°. The pinch rollers also tend to eliminate
trapping of air in pockets between the substrate, the card blank, and the adhesive,
which would tend to weaken the card. The combined sheet of laminated cards 400°
are then cut by a suitable rotary die cutter into individual cards , e.g., 24 cards, 400’
eéch having an electronic device 410 embedded therein. _

In like manner, cards 400, 400’ of PET and other materials may be made by
the foregoing method where PET sheets and suitable melt-flowable adhesives, such as
types MB7100 from Al Technology, and temperatures consistent therewith, are
employed therein. For example, for substrates of PET material, electronic devices 410
may be attached with conductive adhesives at a melt-flow temperature of either 120
°C or200 °C, such as types PSS8090 and PSS8150, respectively, as is convenient,
because with the PET heated to about 120 °C and the electronic device heated to
about 200 °C, the adhesive will melt flow and bond instantly without heating the PET

- appreciably above 120 °C. Lamination of the card thereafter requires a temperature in

the range of about 60 - 120 °C, and preferably about 80 °C, depending on the
particular melt-flowable adhesive employed, which does not disturb the connections
attaching the electronic device embedded therein. If an optional adhesive underfill is
desired between electronic device 410 and substrate 402, a flexible adhesive, such as
types MEE7650, MEE7650-5 and MEE7850 thermosetting epoxy adhesives available
from AI Technology, which cure at a temperature of less than about 80 °C, is suitable.
Where the size of the electronic device is small, conventional rigid adhesive underfill
may be employed. _
It is noted that the arrangement of FIGURE 14 is Iiarticularly advantageous
because no.cavity is required to be machined or otherwise formed in the card blank to
receive the electronic device therein. This not only saves time and reduces cost, but
also simplifies processing, and in addition permits thin substrate 402 and card blank
420’ materials, e.g., each about 5 mils (about 0.127 mm) thick, to be employed with a
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relatively thicker adhesive layer 424, e.g., about 10 - 15 mils (about 0.25 - 0.38 mm)
thick, to easily accommodate standard thickness electronid devices. Thus, the melt
flowable adhesive layer, such as type MB7070 thennoplasﬁc adhesive which flows at
a low temperature of about 70 - 90 °C, serves as the core of 6ard 400’ and flows
around electronic device 410 to "form in place" the cavity therefor with precise size
and location. As a result, there is no need for an underfill of insulating adhesive under
electronic device 410, thereby avoiding additional processing.

In fact, the foregoing method advantageously lends itself to being employed in
a continuous process to produce a large number of cards having an electronic device
embedded therein. As shown in FIGURE 17, instead of beihg provided in sheet form,
the material from which substrates 402 and card blanks 420, 420’ are made is
provided as long strips in roll form, i.e. on rolls 510 and 530, respectively, as is the
melt-flowable adhesive on roll 520 to be laminated therewith. The conductive loops
404 and contacts 406 are roll printed onto the moving substrate strip 402 at printing
station 512, the electronic devices 410 are placed thereon as substrate strip 404 moves
past a pick-and-place equipment station 515, and the moving strip is dried as it passes.
through a drying oven station 518. Then the prepared substrate strip 402, the melt-
flowable adhesive strip 424 and the card blank strip 420 are brought together,
preferably after pre-heating, and roll laminated in a set of pinch rollers 535 heated to a
suitable elevated temperature and spaced apart a fixed distance that is the final card
thickness, to form a strip of completed cards. Alternatively, panels having suitable
sprocket holes may be butted together end-to-end and driven by a sprocket drive so as
to be driven together with strips of adhesives. Finally the individual cards 400 are cut
from the strip by a suitable rotary die cutter or other cutter 540.

Further, the arrangement of FIGURE 17 may bé employed with a roll 510
providing a strip 220 of electronic substrates 224 onto which electronic devices 212
are attached at station 515, and which is laminated with a strip of adhesive 206 by
heated pinch rollers 225 to form a strip of individual electronic modules 210 of the
sort shown in FIGURE 5.

By way of comparison to illustrate one advantage of cards according to the
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present invention, the: of materials and assembly forcénventlonal PVC smart
cards, excluding the éost of the electronic device, is estimated to be in the range of
about $0.25 - $0.50 for a contact type smart card, however, conventlonal contact-less
smart cards are even more costly owing to the addition of a wire-loop antenna. On the
other hand, the cost of materials and assembly, but excluding the electronic dev1ce, for
a contact-less card having an embedded electronic device, and utilizing the higher
temperature, higher-cost PET material, as described above in relation to FIGURES 11,
12 and 14, is estimated to be about $0.15 - $0.25 when made in panels of 40 cards
each (e.g., about 50 mm by 50 mm panels), and thus not benefitting from the lower
cost associated with a continuous type process.

It is noted that other articles may be made by the methods described herein.

" For example, the wireless articles described in U.S. Patent Application Serial Number

09/ entitled "Wireless Article Including A Plural-Tumn Antenna" filed by

~ Kevin K-T Chung on even date herewith, which apphcatlon is hereby mcorporated

herem by reference it its entirety, may be so made.

Suitable pick-and-place equipment that is employed in the method descnbed
herein and in conventional surface mount technology is widely available
commercially and typically has a placement inaccuracy of 0.12 mm or less. Sultable
pick-and-place equipment is commercially available from Mydata Automation located
in Peabody, Massachusetts, from Universal Instrument located in Binghamton, New
York, from Zevatech Inc. located in Morrisville, North Carolina, and from Manncorp,
and can place objects onto substrates with a positional inaccuracy of one one-
thousandth of an inch or less and at a rate greater than one object per second. -

As is known, the contact pads on the substrates and those on the electronic
devices are preferably passivated with an oxidation-resistant conductive material to
further their making low resistance and reliable electrical connections. For example,
copper contacts may be tinned with solder or plated, as are aluminum and other
semiconductor contacts, or otherwise coated with layers of nickel, gold, nickel-gold,
palladium, nickel-palladium, platinum or other precious metal, and combinations and

alloys thereof. -
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While the present invention has been described in terms of the foregoing
exemplary embodiments, variations within the scope and sbjri_t of the present
invention as defined by the claims following will be apparent to those skilled in the
art. For example, while the electronic devices are described as being attached to
substrates by solder or adﬁesive interconnections alone, suitable adhesive underfill
materials may be employed to fill the thin space between .th§ electronic device and the
substrate. Where the interconnections are formed by a flexible conductive adhesive, |
for example, a suitable underfill is a flexible insulating adhesive having a modulus of
elasticity that is no greater than that of the flexible conductive adhesive. Adhesive |
underfill may be applied in the form of a preform or by screening, stenciling,
masking, ink-jet printing 6r other suitable method. Where the size of an electronic
device is less than about 5 mm along any edge, conventional rigid adhesive underfill
may be employed. '

In addition, although the electronic devices herein have been descnbed as
semiconductor devices, of which semiconductor mtegrated clrcu_lts, memories,
microprocessors and the like are most likely employed, electronic devices could
include networks of conductors and/or diodes for providing continuity and the lack

thereof between particular contacts, networks of resistors and/or capacitors and/or

~ inductors, as may be necessary or convenient in any particular application of a card

according to the present invention.

Further, contact—less cards: may be made as described herein employmg etched
metal or wire conductive loops on the card substrate to serve as the RF antenna.
therefor. While not as advantageous as certain embodiments described herein, wire
loops may facilitate multiple turn antennae having higher gain. However, it is noted
that loop antennae having é‘ small number of turns may be employed in cards
according to the present invention wherein the electronic device has spaced apart
contacts that connect to the ends of the multi-turn loop antenna and the electronic .
device is mounted to bridge over or straddle the intermediate turns of the antenna.

In any case, the antenna contacts to which the electronic devices employed

therewith electrically connect may be deposited onto the substrate to make contact to
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'~ the loop antenna theredt6r may be deposited onto the elésttonic devices, either at the

individual semicondﬁctor chip level or at the semiconductor wafer level, to make
contact with the loop antenna when the electronic device is attached to the substrate.
In addition to the smart-card type credit card applications, cards and other
articles having electronic devices embedded therein according to the present invention
may be utilized in other applications and in special environments, such as remotely
identifiable tagging devices used to keep track of, identify, and/or account for
personnel, animals, tools, equipment, laundry, and other items. In certain of these

applications, the cards and the electronic devices therein may be exposed to a totally

. different environment that requires the substrate to be of a material other than those

described above in relation to typical credit card applications. For example, in the
case of laundry tags, the card and embedded device is washed and cleaned along with
the clothing or other article to which it is attached and so is exposed to various
chemical solvents, soaps, detergents and water, as well as to high temperatures of up
to about 250 °C. In such applications, the substrate and card blank must be able to
withstand the higher temperature and the chemical environment, and so may be
formed of polyimide film, such as Kapton® film, or other high temperature
thermoplastics and thermoset materials. Further, to protect the electronic device, the
attached semiconductor die may be encapsulated with a resin that exhibits satisfactory
resistance to the expected chemicals and solvents to which the card will be exposed,
such as type MEE 7650. Different layering and thicknesses of adhesives may also be
utilized. For example, types ESP7450-SC or TP7205-E pressure sensitive adhesives
may be pre-applied as an outer layer of an article and may subsequently be utilized to
bond the article onto the object that the article is to identify. The foregoing adhesives

are also commercially available from AI Technology.
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WHAT IS CLAIMED IS: 3

1. An article having an electronic dev1cc embedded therem comprising:
a substrate having ﬁrst and sccond opposmg surfaces; ___
an electronic dev1ce mounted on the first surface of said substrate;-and
a layer of melt-ﬂowable adheswe on the ﬁrst sutface of said substrate
covering said electronic dev1ce, ‘wherein §a1d electromc device is-encapsulated

by said layer of melt-flowable adhesive.

2. The article of claim 1 wherein said substrate includes at least two electrical
contacts on the second surface thereof, a:nd wherein said two electrical contacts

are electrically connected to said electronic device.

3. The article of claim 2 wherein said substrate includes at least two electrical -
contacts on the first surfacé 1hefeof td which respec_tiye contacts of said
electronic device are electrically connected, and wherein the two electrical
contacts on the first surface of said substrate are-electrically connected

respectively to the two electrical contacts on the second surface thereof.

4. The article of claim 3 wherein the two electrical confacts on the second surface’
of said substrate are electrically connected to corresﬁqnding—cdntacts on said
electronic device by an interconnection selected from the group consisting of
solder connectioné, conductive adhesive connections_ and flexible conductive

adhesive connections. -

5. The article of claim 1 wherein said substrate includes on the first surface
thereof an elongated electrical conductor having first and second ends

electrically connected to said electronic device.
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The article of clalm 5 wherein said elongated electrjcal conductor 1s formed by
depositing a pattern of conductive adhesive on the first surface of said

substrate.

The article of claim 6 wherein said deposited pattern includes at least one
contact that provides a conductive adhesive connection to said electronic

device.
The article of claim 6 wherein said deposited pattern includes a loop antenna.

The article of claim 1 further comprising a card blank bonded to said substrate
by said layer of melt-flowable adhesive, wherein said electronic device is
disposed between said substrate and said card blank and is encapsulated by

said layer of melt-flowable adhesive.

The article of claim 9 wherein said card blank has a cavity therein for
receiving said electronic device and at least part of said layer of melt-flowable

adhesive that covers said electronic device.

The article of claim 9 further including a second substrate; wherein said layer
of melt-flowable adhesive is applied to said second substrate, wherein said
card blank has a cavity therein for receiving said electronic device, and
wherein said electronic device is inserted into the cavity of said card blank and
into said melt-flowable adhesive on said second substrate to be covered

thereby.

The article of claim 9 wherein said substrate and said card blank have

" substantially the same size and shape, and wherein said layer of melt-flowable

adhesive substantially fills a volume between said substrate and said card

blank defined by the size and shape thereof.
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13.

14.

15.

16.

17.

18.
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The article of claim 9 wherein said card blank is bonded to said substrate by
said electronic device bein_g bonded to sald substrafgiéhd said electronic device

being bonded to said card blank by said lafyer of melt-flowable adhesive.

The article of claim 1 wheréins’ai_d layer of melt-flowable adhesive is one of a -
laminated sheet and a deposited layer, wherein the deposited layer is deposited
by one of roll coating, screen printing, stenciling, masking, and ink-jet

printing.

The article of claim 1 wherein said melt-flowable adhesive has a bond strength

greater than about 200 psi (14 kg/cm?) at temperatufes less than about 45 °C.

The article of claim 9 wherein at least one of said substrate and said card blank
is of a material selected from the group consisting of pblyvinyl chloride,
acrylonitrile-butadiene-styrene polymér, high-impact polystyrene, polyester,
and polyimide. | '

The article of claim 1 wherein the adhesive of the layer of melt-flowable

adhesive is utilized to attach said article to a utilization object.

The article of claim 1 furthér comprising a layer of adhesive on the second

surface of said substrate adapte__d for attaching said article to a utilization

object.
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19. - Anarticle compii§ing:

a plastic blank;

a sﬁbsﬁate opposing said plastic blank;

‘an electronic device attached to said substrate between said substrate
and said plastic blank;

a layer of melt-flowable adhesive attaching said plastic blank and said
substrate, and substantially filling the space therebetween to substantially

encapsulate said electronic device.

0.  The article of claim 19 wherein said plastic blank has a cavity into which said

electronic device is positioned to contact said melt-flowable adhesive.

21.  The article of claim 20 wherein said layer of melt flowable adhesive has a

thickness sufficient to cover said electronic device.

92, The article of claim 19 wherein said layer of melt flowable adhesive has a
" thickness sufficient to cover said electronic device without said plastic blank

having a cavity for receiving said electronic device.

23.  The article of claim 19 including a plurality of electrical contacts on an
exposed surface of said substrate, wherein said plurality of electrical contacts

are electrically connected to said electronic device.

24.  The article of claim 19 including an electrically-conductive pattern on said

substrate having at least one connection to said electronic device. -

25.  The article of claim 24 wherein said electrically-conductive pattern including
said at least one connection is formed of an electrically conductive adhesive

deposited on said substrate.
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26.

27.

. 28.

29,

30.

31.
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A method of making an article having an electronic device embeddeda theremn
comprising;: |
providing a substraté having first and second opposing surfaces;
attaching an electronic device to the first s@rface of the substrate;
providing a layer of melt-flowable adhesive proximate the first surface
of the substrate of sufficient thickness to cover the'ei_ectronic device; and
melt flowing the melt-flowable adhesive to encapsulate the electronic

device to the substrate.

The method of claim 26 wherein said attaching an electronic device includes
forming electrical connections between contact pads on said substrate and

corresponding contact pads on said electronic device.

The method of claim 27 wherein said forming electrical connections includes
at least one of forming a solder connection, forming a conductive adhesive

connection and forming a flexible conductive adhesive connection.

The method of claim 27 wherein said forming electrical connections includes
depositing a pattern of electrically conductive adhesive contact features
corresponding to the pattern of contact pads of the electronic device onto the

first surface of the substrate.

The method of claim 29 wherein said attaching an electronic device includes
placing the contact pads of the electronic device against the corresponding

contact features at a time when the conductive adhesive thereof is wet.

The method of claim 29 wherein said attaching an electronic device includes
placing the contact pads of the electronic device against the.corresponding
contact features at a time after the conductive adhesive thereof is one of dried -

and B-staged.
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32.  Themethod of claim 26 further comprising forming an elongated electrical

conductor on the first surface of the substrate.

33.  The method of claim 32 wherein said forming an elongated electrical
conductor includes depositing a pattern of a conductive adhesive on the first

surface of the substrate.

34.  The method of claim 33 wherein said attaching an electrical device includes
attaching at least one contact on the electronic device to a location on the

pattern of conductive adhesive.

35.  The method of claim 32 wherein said forming an elongated electrical
conductor includes depositing a loop antenna pattern of a conductive adhesive
on the first surface of the substrate, and wherein said attaching an electrical
device includes attaching at least one contact on the electronic device to one

" end of the loop antenna pattern of conductive adhesive.

36.  The method of claim 26 wherein said providing a layer of melt-flowable
adhesive includes forming the layer of melt-flowable adhesive on the first

surface of said substrate after the electronic device is attached thereto.

37.  The method of claim 36 wherein said forming the layer of melt-flowable
adhesive includes one of sheet laminating, roll coating, screen printing,

stenciling, masking, and ink-jet printing the melt-flowable adhesive.

38.  The method of claim 26 wherein said melt flowing the melt-flowable adhesive
comprises:
placing a card blank against the layer of melt-flowable adhesive; and
melt flowing the melt-flowable adhesive to attach the card blank to the

substrate with the electronic device therebetween.
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39.

40.

41.

42.

43.

45.

The method of claim 38 wherein said placing a card blank mciuaes posiuonuy
a card blank having a cavity adapted for receiving an electronic device therein

in a position with the cavity opposite the electronic device.

The method of claim 39 wherein said melt flowing includes pressing the
substrate and the card blank together to position the electronic device in the
cavity in the card blank.

The method of claim 26 wherein said melt flowing includes heating the melt-
flowable adhesive to a melt-flow temperature, which melt-flow temperature is

less than a deformation temperature of the substrate and the card blank.

The method of claim 26 wherein providing a substrate includes providing one

of a strip and a panel of a plurality of substrates.

The method of claim 42 including separating the one of a strip and a panel ofa
plurality of substrates into a plurality of separate substrates after said melt

flowing the melt-flowable adhesive.

The method of claim 42 wherein said providing a layer of melt-flowable
adhesive includes forming the layer of melt-flowable adhesive on the first
surface of said provided one of a strip and a panel of substrates after the
electronic device is attached thereto, and further including separating the
provided one of a strip and a panel of a plurality of substrates into a f)lurality
of separate substrates after said forming the layer of melt-flowable adhesive on

the first surface thereof.

The article made by the method of claim 26.



