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gnsponders to the containers or packages.

"ATTACHING AN ELECTRONIC CIRCUIT TO A SUBSTRATE"

BACKGROUND OF THE INVENTION

South African patent application no. 92/0039 describes an identification
system in which transponders are attached to articles to be identified,
such as containers or packaged articles in a supermarket with the
transponders carrying an identification code which identifies each article,

either uniquely or as one of a number of articles of a particular type.

In order for such a system to be economically viable, it is important to
provide a relatively simple but effective way of attaching the

transponders to the containers or packages.

ThlS Sheet Has Been Re

AN Illl )

92/ 0039 descri beSPand

(N




| NVENTI ON According to the invention a nethod of attaching
circuit to a packagi ng conponent of a container or package
e in a supermarket characterised in 5 that it conprises:
S a substrate for the electronic circuit, a packagi ng conmponent
ner or package for an article in a supermarket; providing an
circuit having at least two electrical termnals;
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SUMMARY OF THE INVENTION

According to the invention a method of attaching an electronic circuit

to a substrate comprises:

H providing an electronic circuit having at least two electrical
terminals;
“ securing the electronic circuit to the substrate; and

applying a conductive element to the substrate and the electronic
circuit to define an antenna, so that the conductive element

makes electrical contact with the at least two electrical terminals.

The conductive element may comprise a layer of conductive ink, printed

in the shape of the antenna.
The conductive ink may comprise carbon or metallic particles.
Alternatively, the conductive element may comprise a metallic foil.

The metallic foil may be applied to the electronic circuit prior to
securing the integrated circuit to the substrate, with the foil and the

circuit being applied together to the substrate.

Alternatively, the metallic foil may be applied to the substrate after the

electronic circuit has been secured to the substrate.

The metallic foi] may have an adhesive layer thereon for securing the
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firing the electronic circuit to the substrate; and applying a conductive
irent - to the substrate and the electronic circuit 15 to

g o€ ah antenna, so that the conductive el enent makes el ectrical contact
fh the at |east two el ectrical terminals. The conductive el enent nay

tpri se a | ayer of conductive ink, printed in the shape of the antenna. 20
} conductive ink nay conprise carbon or netallic particles.
ternatively, the conductive el ement may conprise FRIsodHee {0 BEEN2
t netallic foil may be applied to the electronic CIFCUIEgﬁEAGﬁD to
furing the integrated circuit to the substrate, w ththe—fort—and The
icui t being applied together to the

_ foil to the substrate

T

The adhesive layer is preferably removed from the metallic foil in areas
corresponding to the position of the electrical terminals of the electronic

circuit prior to application of the foil to the electronic circuit or the

substrate.

The metallic foil may be applied to the substrate prior to securing the
b electronic circuit to the substrate, and the electronic circuit may be
subsequently attached to predetermined areas of the metallic foil,

thereby to secure the electronic circuit to the substrate.

The electrical contacts of the electronic circuit may be attached to

predetermined areas of the foil using a conductive adhesive.

The method may include applying solder to the at least two electrical
terminals, applying the conductive layer to the substrate so that it makes

contact with the terminals, and reflowing the solder to join the antenna

# to the terminals.

The method may include forming a cavity or indentation in the substrate

to receive the electronic circuit.

The cavity or indentation may be formed by punching or stamping the

substrate.

Alternatively, the cavity or indentation may be formed by rnoulding.

In another version of the invention, the cavity or indentation is formed
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‘Alternatively, the netallic foil may . be applied to the substrate

afte :el ectronic 30 circuit has been secured to the substrate. The
met foil may have an adhesive | ayer thereon for securing the 3 foil
to Fsubstrate. The adhesive |ayer is preferably renpued framihe

met c foil in areas corresponding to the position of THIScSHHEFHAS BEAN
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in a plastics substrate by the application of a heated tool.

In a further version of the invention the cavity or indentation is formed
in a plastics substrate by heating the electronic circuit and pressing it
into the substrate.

Preferably, an upper surface of the electronic circuit bearing the
electrical terminals is substantially flush with the surface of the substrate

after being secured thereto.

The method may include applying a protective coating over the

electronic circuit and at least a portion of the antenna.
The protective coating may comprise a layer of settable sealant.
Alternatively, the protective coating may comprise a label.

The electronic circuit will in most cases be an integrated circuit such as

a transponder.

In the case of a transponder which is programmable with an identity
code, the method may include programming the identity code into the

transponder before or after securing it to the substrate.

The method may include applying contacts of a programming device to
both the transponder and the antenna after securing the transponder and

the antenna to the substrate, to program the transponder.

The method may include applying at least one contact element to the
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t prior to application of the foil to the electronic circuit or the
‘rate.. The netallic foil may be applied to the substrate prior to
seqri ng ‘the electronic circuit to the substrate, and the el ectronic

fUit may be subsequently attached to predeterm ned areas of the netallic

foifk, thereby to secure the electronic circuit to th,ﬁ_]?g) EAT6As BEEN
el ggtrical contacts of the electronic circuit may be|at a‘%ﬁ ai _
flet erm ned areas of the foil using a conductive adhesive—the—mettod may

i nqgude applying solder to the at |least two electrical termnals, applying
Econductive layer to the substratedso that it makes contact with the
tergnnals, and reflowi.ng the solder to join the, antenna

] substrate whicll is In contact with’ a respective terminal of the
transponder, and applying contacts of a programming device to the-
antenna and the at least one contact element after securing the
transponder and the antenna to the substrate, to program the

transponder.

Preferably, the method includes applying a protective coating to the
transponder, a portion of the antenna and a portion of the contact
element prior to programming of the transponder, the contacts of the
programming device being applied to uncoated portions of the antenna

and the contact element.

3
:
:

In one embodiment of the invention, the substrate comprises at least
first and second components, the second component being secured to the
first component after attachment of the electronic circuit and the
antenna thereto, so that the electronic circuit and the antenna are
substantially enclosed.

The invention extends to a packaging component comprising a substrate
b to which an integrated circuit has been attached by the above method. -

The substrate may comprise cardboard, or may comprise glass, plastics

or metal, for example.

The substrate may define a container, or a closure for a container, for

example.

The invention further extends to an identification tag comprising a

substrate to which an integrated circuit has been attached by the above

. O
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® terminals. The nethod may include forming a cavity or indentation in
bstrate to receive the electronic circuit. The cavity or indentation
“ for med by punching or stanping the substrate. Alternatively, the
cavigy or indentation may be formed by noul ding. In another version of the
i nvghtion, the cavity or indentation is forned 4

THIS SHEET HAS BEEN
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method.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic plan view of an integrated
circuit transponder with a patch antenna

applied thereto;

* Figures 2 to 6 illustrate schematically a method of
programming the transponder and attaching

it to a substrate;

Figure 7 is a flow chart summarising in the steps

illustrated in Figures 2 to 6;

Figure 8 is a second flow chart, relating to a second

method according to the invention;

Figures 9 to 11 illustrate schematically the second method

‘ .of attaching the transponder to the
substrate;

Figure 12 is a third flow chart, relating to a third

version of the method of the invention;

Figures 13 to 17 illustrate schematically the third method of

attaching the transponder to the substrate;

Figure 18 is a fourth flow chart, relating to a fourth
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#ics substrate by the application of a heated tool. In a further
ver SN -t he invention the cavity or indentation is formed in a plastics

su e by heating the electronic circuit and pressing-t—into_the
su e. Preferably, an upper surface of the el ectroni THI&S?&E’HHH}E@BE@
th rical termnals is substantially flush with thel_surf &BLAIE he

e after being secured thereto._ The method may i ncl ude applViAg a—
ve coating over the electronic/circuit and at Ieast a portion of

nna. The protective coating.may of s ttabl e
Al ternatively, the prote ?%1 ggﬁ'l?ﬁ%“ﬁ%@ acc8 ?% Cabel .

1nvent10n,

Figures 19 to 23 illustrate schematically the fourth method of

attaching the transponder to the substrate;

Figure 24 is a fifth flow chart, relating to a fifth

version of the method of the invention;

Figures 25 to 28 illustrate schematically the fifth method of

attaching the transponder to the substrate;

Figure 29 is a partial sectional side view of a cap for
a container to which a transponder has been
attached by the method of the invention;
and

Figure 30 is a plan view of a typical patch antenna

employed in the method of the invention.

DESCRIPTION OF EMBODIMENTS

Figure 1 is a schematic plan view of an integrated circuit transponder 10
which is formed with three conductive contacts or terminals 12, 14 and
16 on its upper surface, and which is embedded in the surface of a
substrate (see below). Applied to the substrate over the transponder 10
is a rectangular patch antenna 18 which has an elongate central slot 20.
The patch antenna 18 is oriented so that areas thereof on either side of
the slot 20 are in electrical contact with the terminals 12 and 16 of the
transponder, while the central terminal 14 of the transponder is in the

slot 20, clear of the patch antenna.
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i ectronic circuit will in nost cases be an integrated circuit such as
spander. In the case of a transponder which is programmable with an
ty code, the nethod may include programmng the identity code into
transponder before or after securing it to the substrate. The nethod

i nclude applying contacts of a programm ng device to both the

tlr _.sponder and the antenna after securing the transs F—ariyc—t it enna
Offf he substrate, to programthe transponder. The HW?&; ﬁégc}#l%:ﬁfé
aplf ying at |east one contact el erregt to the REPLAC

The transponder and the patch antenna are designed to operate at
relatively high frequencies, in the region of 915 MHz, and the patch
antenna is sized accordingly. A typical antenna is about 50 mm by 25
mm in size. The exact shape, size and type of the antenna will depend
in practice on the required radiation pattern and the operating

frequency.

The substrate (not shown in Figure 1) is typically the surface of a
package or container which is required to be identified by the
transponder.  Thus, the transponder is programmed with an
identification code, which can identify the article to which it is attached,
either uniquely or as one of a number of identical articles. Particularly
in the latter case, where relatively low-cost articles such as packages of
foodstuffs are required to be identified in a supermarket or other retail
outlet, the cost of providing the coded transponder and securing it to the

package becomes critical.

Referring now to Figures 2 to 6, the transponder 10 is illustrated

schematically on a conveyor belt 22. A programming unit 24 stores the
. identification code which is to be loaded into the transponder, and is
connected to the terminals 12, 14 and 16 of the transponder as it passes

the programming unit by means of spring loaded contact pins 26. The

transponder 10 contains an EPROM, and the desired identification code
(typically a 38 to 64 bit code) is burnt into the EPROM. The
transponder 10 then moves on, and a following transponder is
programmed.

In Figure 3, sections of cardboard sheet 28 are shown being moved on
rollers 30. The cardboard sheets are blanks which will be folded into
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Efate which is in contact wwth a respective termnal of the

gjonder, and appl ying contacts of a progranmm ng device to the antenna

e at | east one contact elenment after securing the transponder and the
hna to the substrate, to programthe transponder. Preferably, the

bd i ncl udes applying a protective coating to the transponder, a portion

of tge antenna and a portion of the contact elenent prior to programing of
t he g ransponder, the contacts of the progranm ng devi deTh@! JMEERRMHNSI BREN O
uncdgt ed portions of the antenna REPLACED
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boxes, for example, for containing foodstuffs. A punch 32 is operated
as each cardboard blank passes underneath it, creating a cavity or

indentation 34 at a desired location in each blank.

As shown in Figure 4, a layer of adhesive 36 is now applied to the
underside and the sides of the transponder 10. Using a pick and place
machine 38 (see Figure 5) the transponder 10 is located in the
indentation or cavity 34 in the blank 28 as it passes the pick and place
* | machine, so that the transponder is secured to the cardboard blank with
its upper surface flush with the upper surface of the blank.

Apart from securing the transponder 10 to the cardboard substrate 28,
the adhesive 36 provides environmental protection for the integrated
circuit, for example, against moisture. In addition, the adhesive serves
to insulate the substrate of the circuit, that is, the sides and the bottom
of the circuit, which are normally either at the ground or supply
potential of the integrated circuit. This is important to prevent the

integrated circuit substrate being shorted to any portion of the antenna

‘ - which is applied to the substrate in the next step.

In the next step, the antenna 18 is applied to the surface of the substrate
28, by printing a conducting ink on the substrate in the required shape.
The ink can be metallic or carbon based, for example, such as "Colag"
ink or graphite paste. Finally, a protective coating 40 is applied to the
substrate over the transponder 10 and the antenna 18, to protect it from

moisture and mechanical damage. The protective coating can be

another layer of ink, which is preferably non-conducting, or else may
comprise a plastic sealant. As a further alternative, the protective layer

may comprise a label, such as a self-adhesive label, upon which is
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& contact elenent. In one enbodi nent of the invention, the substrate
Fses at |east first and second conponents, the second conponent being
38 ed“to the first conponent after attachment of the electronic circuit
®he antenna thereto, so that the electronic circuit and the antenna are
bantially encl osed. The invention extends to a packaging corrponent

li sing a substrate to which an integrated circuit S ] by
bove net hod. The substrate nay conpri se cardboand ﬂ?@ H%Eé@?ﬁ% J‘}

: F1 sie
i, plastics or netal, for exanple. The substrate-ﬁﬂa-y—efgi+he—a-_.

i ner, or a closure for a containeriQfor

printed a conventional bar code with a number corresponding to the
identification code programmed into the transponder 10. This allows the
final package to be identified both by means of the transponder 10 and
the bar code.

The above described steps are set out in the simplified flow chart of

Figure 7.

The cardboard blank 2?8 is now fed through the remaining stages of
production, including a printing stage, and a cutting and folding stage in
which the blank is formed into a cardboard box which can be filled as
usual. The completed and filled box can be delivered to a retailer in the
usual way, where it can be identified in a conventional manner, or by
using the identification system described in South African patent
application no. 92/0039, the contents of which are incorporated herein

by reference.

In an alternative version of the invention, the antenna 18 is not printed
on the substi'ate using conductive ink, but cbmprise_s a conduc_tive foil
‘ layer which is applied to the surface of the substrate. This version of the
method is set out in the simplified flow chart of Figure 8, and is
illustrated in Figures 9 to 11. The antenna 18 comprises a sheet of self-
adhesive metallic foil 42, which is stamped or pre-cut from a strip of the
foil. As shown in Figure 9, the integrated circuit transponder 10 is
connected to the underside of the foil strip 42, in an area where the
conventional adhesive layer 44 on the foil strip has been removed, using

a conductive adhesive compound.

One example of such a conductive/adhesive material is an electrically
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The invention further extends to an identification tag conprising

afsubstrate to which an int egrated circuit has been attached by the above
6 fmet hod. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a
schemati ¢ plan view of an integrated circuit transponder with a patch

anr

enna
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conductive silver filled epoxy, known commercially as EPO-TEK H20E-
PFC. This is a two part epoxy, which can be cured in 15 minutes at
120°C, and which has a sheet resistance of 0.0001 to 0.0004 ohm-cm.

Ideally, a number of transponders 10 are attached to respective foil
antennas and are provided on a continuous roll for application to
cardboard blanks in a printing process. A layer of adhesive 46 is
optionally applied to the underside of the transponder 10. A protective
coating 48 of a suitable sealant is applied to the upper surface of the
antenna, sealing the area where the antenna and the transponder are

connected.

As shown in Figure 10, the transponder/antenna sub-assembly is placed
in abutment with the cardboard substrate 28, so that the transponder 10
is located in the punched cavity or indentation 34. A roller is passed
over the transponder/antenna sub-assembly to secure it to the cardboard
blank, by means of the adhesive 44 on the foil 42 of the antenna, and
preferably also by means of the layer of adhesive 46 applied to the
underside of the transponder 10, with the completed assembly shown in

Figure 11.

In a hybrid version of the above two methods, a self-adhesive foil
antenna patch can be applied to the substrate 28 after the transponder
10 has been secured thereto, instead of printing the antenna over the

transponder.

A third method according to the invention is illustrated in Figures 12 to
17. In this version of the invention, the transponder 10 is not

programmed prior to being secured to a substrate, as in the above
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®d thereto; Figures 2 to 6 illustrate schematically a

of programm ng the transponder and attaching it to a substrate;
is a flowchart summarising in the steps

trated in Figures 2 to 6; Figure 8 is a second flow

. relating to a second nethod according to the invention' Figures 9 to

1 il1lustrate schematically the second nethod

trargponder to the substrate, s ﬁ%g@gﬁm
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described two methods. Figure 12 indicates the steps of this method in
flow chart form. As shown in Figure 13, in the first step, a conductive
antenna S0 is printed onto or otherwise secured to a substrate 52. The
antenna S0 comprises first and second halves 54 and 56. In addition, a
central contact strip 58 is printed between the two antenna halves. This
strip is used in programming the transponder 10 with its identification
code.

* In Figure 14, conductive bumps 60 comprising a mixture of conductive
and adhesive material are applied to contact areas on the antenna halves
54 and 56 and on the contact strip 58 by an applicator 62, for connection

to contact points on the transponder itself.

Next, as indicated in Figure 15, a pick and place machine 64 is used to
place the transponder chip 10 in a "flipped” or face down orientation on
the antenna S50, with respective contact points 12, 14 and 16 in contact
with the respective contact bumps 60 on the antenna half 54, the contact
strip 58 and the antenna half 56. A curing step follows, when the

adhesive/conductive material connecting the transponder 10 to the
# ‘antenna and the contact strip is cured and hardened. As shown in
Figure 16, a protective coating 66 of a suitable sealant is then applied
over the transponder and the antenna, in the area where the two make
contact. However, a substantial portion of the entire antenna and at
least a portion of the contact strip 58 remain uncovered (see the
schematic plan view of Figure 16a) as they are still required for

programming of the transponder.

Finally, as shown in Figure 17, a programming unit 24 having spring
loaded contact pins 68 is positioned over the transponder 10 with its
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$strate;

is athird flow chart, relating to a third version

'he et hod of the invention; Figures 13 to 17 illustrate
matically the third nethod of attaching the transponder to the

Fi gure 18 is a fourth flow chart, relating to a
7 version of the nethod according to the invention;
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respective pins 68 in contact with the contact strip S8 and the antenna
halves 54 and 56, and the transponder is then programmed with its
identification code. If required, a further thin protective coating can be
~applied to cover the exposed portions of the antenna and the contact

strip.

Of course, instead of a single contact strip, two or more such strips can

be provided for purposes of programming the transponder.

A further embodiment of the invention is illustrated in Figures 18 to 23.
Figure 18 summarises this version of the method in flow chart form. In
this version of the method, an antenna comprising a first half 70 and a
second half 72 is printed or applied to the surface of a substrate 74 as
described above. A punch 76 with a curved end surface 78 is used to
form an indentation 80 in the surface of the substrate in the central
portion of the antenna. The central portion of the indentation 80, where
a transponder 10 is to be attached, is flat. The curved face of the
punch and the depth of the indentation 80 are chosen so that the

antenna is not damaged during this step.

As shown in Figure 20, an applicator device 82 is used to form adhesive
contact bumps 84 at the inner edges of the antenna halves 70 and 72,
which correspond to contact points on the transponder chip. As shown
in Figure 21, a pick and place machine 86 is then used to locate the
transponder 10 on the antenna with its contact points in contact with the
respective conductive bumps 84, similarly to the procedure described
with reference to Figure 15. The adhesive/conductive material of the
contact bumps 84 is then heat cured. As shown in Figure 22, the

transponder 10 can now be programmed with its identification code by
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illustrate schematically the fifth
attaching the transponder to the substrate; Fi gure 29
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means of the above described programming unit 24 with its spring-
loaded contact pins 68, which make contact with the antenna halves 70

and 72, and with the conductive substrate of the transponder chip 10.

Finally, a protective layer 88 of a suitable sealant is applied over the
indentation in the centre of the antenna, over the transponder 10,

leaving the substrate 74 with a substantially flat upper surface.

Still another version of the invention is illustrated in Figures 24 to 28.
Figure 24 summarises this version of the method in flow chart form. In
this embodiment, the substrate to which the transponder is attached is
a housing having at least two components between which the
transponder chip is held. The completed housing may be, for example,
an identification or price tag which is applied to an article of

merchandise, or an identification card.

As shown in Figure 25, a first half 90 of the housing is formed with an

indentation or cavity 92 sized to receive a transponder chip. The

housing half 90 also has a hole or other attachment means 94 formed in

it, for later attachment of the housing to another article.

As shown in Figure 26, a pick and place machine 96 is used to place a
transponder chip 10, the sides and bottom of which have been coated

with an adhesive layer 98, into the cavity 92.

As shown in Figure 27, an antenna comprising first and second halves
100 and 102 is then printed or otherwise located over the transponder

chip 10, in much the same manner as the first two embodiments of the

invention described above. The second housing half 104 is then placed _
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DESCRI PTI ON OF EMBCODI MENTS Fi gur e
thematic plan view of an integrated circuit transponder 10 which is
BA th three conductive contacts or termnals 12, 14 and 16 on its

and which is enbedded in the surface of a substrate (see

- Applied to the substrate over the transponder
ntenna 18 which has an el ongate central slot 20 THISSHS
riented so that areas thereof on either side of{the I

fd{ ._Jjant enna

contact with the termnals 12 and 16 of the transponder, while

termnal 14 of the trangponder is in the slot 20,

nt enna.

against the first housing half 90 and fixed to it, for example, by means
of adhesive, a heat welding step, or another method. The second
nousing half 104 has an aperture 106 in it which is aligned with the
aperture 94 in the first housing half, so that the resulting composite
device has an aperture in it, allowing the device to be attached to

another article as required.

“The above described methods can be applied to a number of different

substrates. Where an indentation must be made in the substrate,
substrates of softer material such as cardboard and certain plastics
materials are preferred. In some cases, suitable indentations or cavities
can be moulded into plastics or other substrates, and it is also possible
to punch or cut cavities or indentations in harder materials such as a
metals or glass, depending on requirements. Obviously, the type of
operation which is required to create a cavity, where required, will affect

the cost of the method.

In the case of a cardboard substrate, the transponder and its antenna
can be attached prior to the folding of the cardboard into a box or other
package. The cavity or indentation for receiving the transponder can
easily be pushed into the cardboard prior to attachment of the
transponder and subsequent folding of the cardboard, while the antenna
can be printed or applied to the cardboard either before or after folding
thereof.

In the case of a container such as a bottle, access to the interior of the
container is restricted after manufacture thereof, making it difficult to
apply a transponder and an antenna to an inner surface of the container.

Various solutions are possible. A plastics container will commonly be

clear of the
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required radiation pattern and the operating fnet
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manufactured in a mould. During the moulding process, an indentation
or cavity in the surface of the container can be included, into which the
transponder chip can subsequently be placed and adhered. An antenna
can then be printed or placed over the transponder chip, and a label
placed over both the antenna and the transponder, concealing them. As
an alternative, an indentation can be made in the plastics substrate using

a heated tool.

As a further alternative, the transponder chip itself can be heated and
pressed into the plastics substrate, so that it melts the adjacent plastic
and adheres to it once it cools. The antenna can then be attached as

described above.

In the case of a glass substrate, such as a bottle or other container, the
transponder and its antenna will normally have to be attached after the
manufacture of the container. This can be done in the same way as with
a plastics substrate, by pre-indenting the glass during manufacture of the

container, and by then hiding the transponder and its antenna under a

label or a suitable tough protective coating. As an alternative, the

transponider and its antenna can be incorporated in the lid of the

container, as shown in Figure 29.

In Figure 29, a plastics screw cap 108 is shown, with the transponder
chip 10 and its associated antenna 110 located on the inner end surface
112 of the cap, with a protective coating 114 of a suitable sealant. This
is particularly convenient in the case of moulded plastics caps or lids.
In such a case, at least a portion of the cap or lid, in the region where

the transponder and its antenna are applied, must be non-metallic.
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container which is required to be identified by the transponder.
e transponder is progranmed with an identification code, which can
% the article to which it is attached, either uniquely or as one of
of -identical articles. Particularly in the latter case, where

y low cost articles such as packages of foodstuffs are requi red to
fied in a supermarket or other retail outle the—eost
g the coded transponder and securing it to t'ﬂéispﬁéﬂéﬁ'é ést%:ngl S
| . Referring nowto Figures 2 to 6, the trarspondBEFL
ated schenatically on a conveybr belt 22. A progranm ng un|t 24
the identification code which is to be |oaded into the transponder,
In the case of a metal substrate, it is not possible to print a conductive

antenna directly onto the metal, as this would short out the antenna.
Thus, it is necessary first to provide an insulating layer on the metal
substrate before such a printing step. Alternatively, of course, a
conductive foil antenna can be used with a suitable insulating layer

between the antenna and the metal substrate.

The transponder 10 can be programmed with its identification code at
the time of manufacturing, However, users of the transponders are
afforded maximum flexibility if the identification code is programmed in
at the time of attaching the transponder to its substrate. A number of
possibilities arise. Firstly, the transponder can be programmed prior to
: being attached to the substrate or the antenna itself, for example by
3 means of direct contact onto the contact points on the transponder chip.
Secondly, the transponder can be programmed after attachment to the
substrate but prior to the printing or application of the antenna onto the
substrate. Thirdly, programming can be carried out after the attachment
of both the transponder and printing or attachment of the antenna, but
prior to the application of the protective coating. In this case, three
-_ contact points are normally required, one each to the two halves of the
antenna and a third to a contact strip applied to the transponder, or
directly onto a third contact on the transponder, or even directly to the
substrate of the transponder. Fourthly, programming can even be
carried out after the transponder and the adjacent portion of the
antenna have been covered with a protective coating, by using the

method described with reference to Figures 12 to 17.

In some applications it will be advantageous to program the transponder

as late as possible in the process, after attachment of the antenna, and
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F ¢
ramm ng unit by nmeans of spring | oaded contact pins 26. The

nder

o the termnals 12, 14 and 16 of the transponder as it passes

10 contains an EPROM and the desired identification code

ally a 38 to 64 bit code) is burnt into the EPROM The transponder
oves on, and a followi ng transponder is programmed. In Figure 3,

bns of cardboard sheet 28 are shown being noved on rollers 30. The
pard sheets are bl anks which will be folded ipto

18

possibly also the protective coating. For example, where the substrate
is an identification label to be applied to an article, with the transponder
and its antenna attached thereto, the labels can be programmed shortly

before they are issued for attachment to the relevant packaging.

In the process of attaching the transponder chip and the antenna to the
substrate, a number of different adhesives and sealants may be required.
As mentioned above, curing may be required in some of the steps. In
order to increase manufacturing volumes, the various adhesives and
sealants need to be rapid-curing types. Various different curing methods
can be used, according to the type of substrate and the type of
adhesive/sealant in use. For example, conventional heat sources such
as ovens can be used for curing, or hot air blowers can be used. Infra-
red, ultra-violet or radio-frequency radiation can also be used, depending
on the type of sealant. In some cases, cooling of the substrate may be

appropriate for curing purposes.

In order to minimise the cost of the antenna, it is preferred to print it
on the substrate using a conductive ink. In this context, the word "ink"
is intended to mean a liquid or paste, for example, which can be applied
in a desired shape or pattern to a substrate, and not necessarily a
coloured or visible liquid. The ink contains a conductive component,
such as particles of metal or carbon. A number of different printing
methods can be used, such as silk screen methods, stencilling, spraying
or conventional lithography. As mentioned above, the exact shape and
size of the antenna depends on the frequency used and the radiation
pattern required, which in turn depends on the specific application. A
typical antenna design is illustrated in Figure 30, and is seen to comprise
two halves 116 and 118, each of which has a base region 120 from which
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for exanple, for containing foodstuffs. A punch 32 is operated as
dboard bl ank passes underneath it, creating a cavity or indentation
"desired location in each bl ank. As shown in Fi gure 4, a l|layer of
§:ve 36 is now applied to the underside and the sides of the
sonder 10. Using a pick and place machi ne 38 (begisFsipEnaif)BEine
ponder 10 is located in the indentation or cavjty 34&EPbadiie bl ank 28
;passes the pick and place nachine, so that theTransponder Is secured
2 cardboard blank with its upper surface flush with the upper surface

> bl ank. Apart from securing thd9transponder 10 to the cardboard
ate 28,

extend a plurality of parallel fingers 122. The spacing d between the

halves 116 and 118 is determined by the spacing of the relevant contacts

or terminals on the integrated circuit.

The materials used for the conductive ink must have a sufficiently low
resistance to allow sufficient current flow in the antenna to allow the
transponder to be powered up at the required operating range. In some
cases, the printed ink may need to be flexible, to allow bending or
twisﬁng of the antenna. Table 1 shows the results obtained with silver
epoxy and silver ink, which were found to be suitable in prototype
applications of the invention. Another possibility is ink containing

carbon particles.

TABLE 1

TYPE OF INK TESTED

TEST PERFORMED SILVER | SILVER
' EPOXY | INK
Sheet Resistance (mOhm/Square) | 35.5 30.5
Contact Resistance - Silver Epoxy 10 1000
contact (mOhm)
Bending and Torsion Passed | Passed
Antenna Gain (dB) 0.5 2

The contacts between the transponder chip and the antenna are
important and a number of alternative methods of creating acceptable
contacts are possible. As described above, the use of an adhesive
material such as an epoxy resin with a conductive filler can be used to
obtain an electrically adequate and physically strong join between the

transponder and the antenna. An alternative is to provide solder bumps
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Bsi ve 36 provides environnental
¢ f.or exanpl e, against noisture. In addition, the adhesive serves to
the substrate of the circuit, that is, the sides and the bottom of
Uit
grated circuit.

protection for the integrated

which are normally either at the ground or supply potential of

This is inportant to prevent the integrated circuit
pt e being shorted to any portion of the antenna which is applied to

ct 'R‘EQLA

on tlh

bstrate in the next step. In the next step, thg &ﬁgt e L& beenal
:surface of the substrate 28, by printing a cop

pl i ed
e

hte in the required shape. The 2k can be netaH+e—er—carbomrbased,
anpl e,

such as "Colag" ink or graphite paste. Finally, a protective

g 40 | sorafhsl ¢antadt goirie of the transponder chip, which can be created by

passing the wafer containing the chips through a wave soldering
machine, or by screen printing solder paste onto the contact points, for
example. Once the antenna is printed or applied to these solder bumps,
the solder can be reflowed by heating, effectively providing soldered

joints between the transponder and the antenna.

Although the above described methods have been described with
reference to the printing or attachment of a patch antenna to the
substrate and the integrated circuit transponder, this is merely
exemplary, and is appropriate for the frequency range employed in the
prototype system. Obviously, depending on the application of the end
product and the specifications of the system in which it is to be used,
different types of antenna may be employed. For example, a loop or
coil of fine wire could be attached to each antenna terminal of the
integrated circuit. Alternatively, elongate antenna elements of wire or
foil could be connected to each antenna terminal. Of course, such loops,

coils or elongate antenna elements could be printed in much the same

way as described above. Which method of forming and applying the

antenna is chosen will depend on the volumes required. In high volume
applications, the printing of the antenna using a conductive ink or the

like is advantageous.

The above described methods make it possible to attach integrated
circuit transponders (or other electronic circuits) to suitable substrates
in large volumes, allowing the implementation of an automatic
identification system which can be applied to large numbers of articles

of a relatively low cost.
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Bt ¢ over the transponder 10 and the antenna 18, to protect
e .and nechani cal damage. The protective coating can be anot her
which is preferably non-conducting,
As a further alternative, the protective |ayer nmay conprise a
. such as a sel f-adhesive | abel, upon which is
iti onal bar code with a nunber corresponding to
jr ogrammed i nto the transponder 10. This al | oWsTHIA

é;Hi*bT AS
REPLACED

21

Although different aspects of the method of the present invention have
been described with reference to the attachment of integrated circuit
transponders to various substrates, it will be appreciated that the
invention is not limited to use with transponders, but that other
electronic circuits (not necessarily integrated circuits) can be attached to

substrates in the same way.
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. ‘The above descri bed steps are set out in the sinplified flow
‘Figure 7. The cardboard blank 28 is now fed t hrough the remaining
i of production, including a printing stage, and a cutting and fol ding
i n which the blank is forned into a cardboard box which can be filled
jal . The conpleted and filled box can be delivered to a retailer in
‘ual way, where it can be identified in a conventional manner, or by
the identification systen1descr|bed i n Sout h-African _patent

"ckage to be identified both by means of the transponder 10 and the4;

ap ation no. 92/0039, the contents2df which are| i THOFBRTAATBERN 6i n
REPLACED
LAIMS:
1. A method of attaching an electronic circuit to a substrate

characterised in that it comprises:

providing an electronic circuit baving at least two

electrical terminals;
' securing the electronic circuit to the substrate; and

applying a conductive element to the substrate and the
electronic circuit to define an antenna, so that the
conductive element makes electrical contact with the at

least two electrical terminals.

2. A method according to claim 1 characterised in that the
conductive element comprises a layer of conductive ink, printed

in the shape of the antenna.

Q 3. A method according to claim 2 characterised in that the

conductive ink comprises carbon or metallic particles.

4. A method according to claim 1 characterised in that the

conductive element comprises a metallic foil.

5. A method according to claim 4 characterised in that the metallic
foil is applied to the electronic circuit prior to securing the
integrated circuit to the substrate, with the foil and the circuit

——

being applied together to the substrate. Thi T L
Is §,
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e. In an alternative version of the invention, the antenna 18 is
d on the substrate using conductive ink, but conprises a
we foil layer which is applied to the surface of the substrate.
h|on of the method is set out in the sinplified fl ow chart of

Fi , and is illustrated in Figures 9 to 11. The antenna 18 conprises a
sh ' sel f- adhesive metallic foil 42, which is[SEASBREEPRA t from
a jof the foil. As shown in Figure 9, the integrateg pg‘l\é@glbg}?

tr

ider 10 is connected to the undgrside of thefort—strt+p—42—+n an
re the conventional adhesive |&ayer 44 on the foil strip has been

usi ng_a copduc e adhesi ve, co
%. R etiloc\{ accorgmg to clalmrﬁpcc:}laractensed in that the metallic
foil is applied to the substrate after the electronic circuit has

been secured to the substrate.

7. A method according to any one of claims 4 to 6 characterised in
that the metallic foil has an adhesive layer thereon for securing

the foil to the substrate.

8. A method according to claim 7 characterised in that the adhesive
layer is removed from the metallic foil in areas corresponding to
the position of the electrical terminals of the electronic circuit

prior to application of the foil to the electronic circuit or the

i
i
{

substrate.

9. A method according to claim 4 characterised in that the metallic
foil is applied to the substrate prior to securing the electronic
circuit to the substrate, and the electronic circuit is subsequently
attached to predetermined areas of the metallic foil, thereby to

secure the electronic circuit to the substrate.

10. A method according to any one of claims 4 to 9 characterised in
that includes attaching the electrical contacts of the electronic
circuit to predetermined areas of the foil using a conductive

adhesive.

11. A method according to any one of claims 1 to 10 characterised
in that it includes applying solder to the at least two electrical
terminals, applying the conductive layer to the substrate so that

it makes contact with the terminals, and reflowing the solder to

e T laced

HII\\I\ I |||\\ I \ll\ “‘\s\iii\e\‘\\“\\\\\\\\\\\\\\




kanpl e of such a conductive/adhesive material is an electrically 11
ctive silver filled epoxy, known commercially as EPO TEK H20E- PFC.
gi s a two part epoxy, which can be cured in 15 minutes at 120[err]C,

ich has a sheet resistance of 0.0001 to 0.0004 ohmcm_| , a

r of transponders 10 are attached to respecti HemanemiEs and are
pr ded on a continuous roll for application to Ih a
pr i ng process. A layer of adhesive 46 is

24

join the antenna to the terminals.

12. A method according to any one of claims 1 to 11 characterised

in that it includes forming a cavity or indentation in the substrate

-3
4
]
_§!

to receive the electronic circuit.

13. A method according to claim 12 characterised in that the cavity

or indentation is formed by punching or stamping the substrate.

14. A method according to claim 12 characterised in that the cavity

or indentation is formed by moulding.

15. A method according to claim 12 characterised in that the cavity
or indentation is formed in a plastics substrate by the application

of a heated tool.

16. A method according to claim 12 characterised in that the cavity
or indentation is formed in a plastics substrate by heating the

electronic circuit and pressing it into the substrate.

17. A method according to any one of claims 12 to 16 characterised
in that an upper surface of the electronic circuit bearing the
electrical terminals is substantially flush with the surface of the

substrate after being secured thereto.
18. A method according to any one of claims 1 to 17 characterised

in that it includes applying a protective coating over the

electronic circuit and at least a portion of the antenna.

This Sheet Has Been Replaced
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Bnal |y applied to the underside of the transponder 10. A protective
-:ng 48 of a suitable sealant is applied to tHermgRerEsurkaseENof the
| na, sealing the area where the antenna and tihe trapgparter ar
B-cted. As shown in Figure 10, the transponderfamtenta Sub-assenbly is
a-d in abutnment with the cardboard substrate 28, so that the transponder
: | ocated in the punched cavity or indentation 34. Aroller is passed

t he transponder/antenna sub-assenbly to secure it to the cardboard

, by nmeans of the adhesive 44 on the foil 42 of the antenna, and
rably al so by neans of the |ayes of adhesive 46 applied to the

side of the transponder 10, with the conpl eted assenbly shown in

19. A method according to claim 18 characterised in that the

protective coating comprises a layer of settable sealant.

20. A method according to claim 18 characterised in that the

protective coating comprises a label.

21. A method according to any one of claims 1 to 20 characterised

in that the electronic circuit is an integrated circuit.

3 22. A method according to claim 21 characterised in that the

electronic circuit is a transponder which is programmable with an
identity code, the method including programming the identity
code into the transponder before or after securing it to the

substrate.

23. A method according to claim 22 characterised in that it includes

applying contacts of a programming device to both the

transponder and the antenna after securing the transponder and

the antenna to the substrate, to program the transponder.
2 24. A method according to claim 22 characterised in that it includes
% applying at least one contact element to the substrate which is in
contact with a respective terminal of the transponder, and
applying contacts of a programming device to the antenna and
the at least one contact element after securing the transponder

and the antenna to the substrate, to program the transponder.

25. A method according to claim 24 characterised in that it includes

applying a protective coating to the transponder, a portion of the

J— is Sheet Has Been Replaced
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gre 11. In a hybrid version of the above two nethods, a self-adhesive
¢ antenna patch can be applied to the substrate 28 after the transponder
nas been secured thereto, instead of printing the antenna over the
hsponder. A third nmethod according to the inventipmis—t+H-ustrated,in
res 12 to 17. In this version of the invention, ?ﬂ@ ‘EhSBRFEN 10 is
programmed prior to being secured to a substraté, ve

26

antenna and a portion of the contact element prior to

1
3

programming of the transponder, the contacts of the
programming device being applied to uncoated portions of the

antenna and the contact element.

26. A method according to any one of claims 1 to 25 characterised
in that the substrate comprises at least first and second
components, the second component being secured to the first

. c-omponent' after attachment of the electronic circuit and the
antenna thereto, so that the electronic circuit and the antenna are

substantially enclosed.

27. A packaging coniponent characterised in that it comprises a
substrate to which an integrated circuit has been attached by the

method of any one of claims 1 to 26.

28. A packaging component according to claim 27 characterised in

that the substrate comprises cardboard.

29. A packaging componeht according to claim 27 characterised in

that the substrate comprises glass, plastics or metal.

30. A packaging component according to any one of claims 27 to 29

characterised in that the substrate defines a container.

31. A packaging component according to any one of claims 27 to 29
characterised in that the substrate defines a closure for a

container.
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Escribed two methods. Figure 12 indicates the steps of this nethod in
3 chart form As shown in Figure 13, in the first step, a conductive
fhna 50 is printed onto or otherw se secured to a_substrate 52. The
nna 50 conprises first and second hal ves 54 and [5%u1s|SMEBUMASIBREN A
ral contact strip 58 is printed between the two lant enreprilaaiewes. Thi s

0 is used in progranming the transponder 10 w t h™=rtsTdentiTication

In Figure 14, conductive bunps 60 conprising a m xture of conductive
jadhesive material are applied to contact areas on the antenna hal ves 54
56 and on the contact strip 58 by2%an applicator 62, for connection

1

32.  Anidentification tag characterised in that it comprises a substrate
to which an integrated circuit has been attached by the method

of any one of claims 1 to 26.
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60 off the antenna half 54, the contact strip 58 and t
i g step follows, when the adhesive/conductive nmateri al
10 to the antenna and the contact stri p is cured and hardened.

t rangponder

As sHovvn in Figure 16, a protective coating 66 of a suitable seal ant
thensappl I ed over the transponder aA&-EBé&‘:
two make contact. However, a substantial portion of the entire antenna and

at

THIS AHEES HASCRE D
ERACERAL | 56.

Bt act points on the transponder itself. Next, as indicated in Figure

5 pICk and place nmachine 64 is used to place the transponder chip 10 in
o or face down orientation on the antenna 5
cont@ct points 12, 14 and 16 in contact with the res

Integrated circnits such as transponders (10) are attached to a substrate
(28) such as cardboard packaging material by adhering an integrated
circuit to the substrate, applying a patch antenna (18) to the substrate
and the integrated circuit, and applying a sealing layer (40) over the
integrated circuit and at least a portion of the antenna. In variations of
the method, an indentation (34) may be formed in the substrate into
which the integrated circuit is placed. The patch antenna may be screen
printed onto the substrate and the integrated circuit, using conductive
ink, or may be a metallic foil which is applied to the substrate and the
integrated circuit. Where the integrated circuit is a transponder, it can
be programmed with an identification code, either before or after being

attached to the substrate.
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sponder

Finally,

as shown in Figure 17,

t a portion of the contact strip 58 remaaf,p(@covered _(_se.e_rrhe—eej
view of Figure 16a) as they are still requi’r edi Trs SHEEH B Y
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13 respective pIinS 68 I m contact Wth the contact Strip 58 and the

hal ves 54 and 56, and the transponder is then programed with its

Figure 6




| ot i fication code. If required, a furth?ag%hln pr ot ) be
appldi ed to cover the exposed portions of ant enna Eﬁ'ﬂlﬁwﬂdm%g@%tri p.
Of #ourse, instead of a single contact strip, two or re REERASER i ps dan

be @rovided for purposes of programning the transponder. A further
enbddi fent of the invention is illustrated in Figures 18 to 23. Figure 18
itjses this version of the nethod in flow chart form In this version
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ggtact bunps 84 is then heat cured. As sho
} can-n
above described progranmming unit 24 with its spring- |

i gurfes

now be programred with its identificatiicj code jby

68, which nmake contact with the antenna halves 70 and 72, and wit
conduct {ve substrate of the transgonder chip 10. Finally,ya protective
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| eavi ng the substrate 74 with a substantiall §at uppe
anot her version of the invention is illustratedi

24 sumrarises this version of the nethod in flow chart

n Figu %S&%x

D

L.C.

1.
LI CIrmmo

enbodi ment. the substrate to which the transponder is attached is a housin

havin¢ at | east two conponents between which the transponder chip is held.
The cgnpl eted housing may be, for exanple, an identification, or
whichijis applied togan article of merchandise, or an |dent|fdcat|on card.
As shgwn in Figure 25, a first half 90 of the housing is forwed with an

I ndentjati on or cavity 92 sized to receive a transponder chi p/
hal f 90 al so has a Kole or ot lger attachnment nmeans 94
_ <

N
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o | - Zpp S W
it, for later attachnent of the housing to another article. As sho
FLgure 26, a pick and place machine 96 is used to place a transponder chi

p

10, .the sides and bottom of which have been coated with af gg LVE]
c AL HERT SHEET

98, into the cavity 92. As shown in Figure 27, an antennajcd
and second hal ves 100 and 102 i's then printed or otherw s¢ lfocated over t
transponder chip 10, in nuch the same manner as the first jtywo ZMNOY 1908t S

of the invention described above. The second housing half 104 is then

pl aced

1

he

"ATTACHING AN ELECTRONIC CIRCUIT TO A SUBSTRATE"

BACKGROUND OF THE INVENTION

South African patent application no. 92/0039 describes an identification
system in which transponders are attached to articles to be 1dent1f1ed
such as containers or packaged articles in a supermarket with the
transponders carrying an identification code which identifies each article,

either uniquely or as one of a number of articles of a particular type.

In order for such a system to be economically viable, it is important to
provide a relatively simple but effective way of attaching the

transponders to the containers or packages.



15 against the first housing half 90 and fixed to it, for exanple, by nmeans
of adhesive, a heat welding step, or another nethod. The second -housif

hal f 104 has an aperture 106 in |t whi ch |s aligned with RﬂP@Améiﬂ\ﬂuBﬁE%4
the first housing half, so that

e : conposi t ej devt+ece—tas—an
aperture in it, allowngthec #a

eV STE] ched to ahoth as
requi red. The above descri bed | lied toja nmgpvoﬁbg

different substrates. Were an indentation nust be nmadé¢ {n_the substratdg,
substrates of softer material such as gardboard and cerfain plastics
materials are preferred. In some cases, suitable indentati-onrs—or—cavities

SUMMARY OF THE INVENTION

g0

According to the invention a method of attaching an electronic circuit

to a substrate comprises:

providing an electronic circuit having at least two electrical

terminals;
securing the electronic circuit to the substrate; and

applying a conductive element to the substrate and the electronic
circuit to define an antenna, so that the conductive element

makes electrical contact with the at least two electrical terminals.

The conductive element may comprise a layer of conductive ink, printed

in the shape of the antenna.

The conductive ink may comprise carbqn or metallic particles.
Alternatively, the conductive element may co'mprise.a metallic foil.
The metallic foil may be applied to the electronic circuit prior to
securing the integrated circuit to the substrate, with the foil and the

circuit being applied together to the substrate.

-Alternatively, the metallic foil may be applied to the substrate after the

electronic circuit has been secured to the substrate.

The metallic foil may have an adhesive layer thereon for securing the

{ This Sheet Has Been R laced
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can-be nmoul ded into plastics or other substrates, and it

to punch or cut cavities or indentations in harder nmaterials such as a

netal s or gl ass, depending on requirenents. GCbviously,

Wr‘ y > L
operation which is required to create a cavity, where re>qﬁf§_@§€, M&M IShége

I's al so possible

the cost of the nmethod. In the case of a cardboard substirate, the
transponder and its antenna can be attached prior to the fiol2il7NOWfg9he
cardboard into a box or other package. The cavity or indentation for

receiving the transponder can easily be pushed into the
attachment of the transponder and subséquent fol ding of

or after fold te.

cardboardprior
t he cardboard,

t

0

The adhesive layer is preferably removed from the metallic foil in areas
corresponding to the position of the electrical terminals of the electronic
circuit prior to application of the foil to the electronic circuit or the

substrate.

The metallic foil may be applied to the substrate prior to securing the
electronic circuit to the substrate, and the electronic circuit may be
subsequently attached to predetermined areas of the metallic foil,

thereby to secure the electronic circuit to the substrate.

The electrical contacts of the electronic circuit may be attached to

predetermined areas of the foil using a conductive adhesive.

The method may include applying solder to the at least two electrical
terminals, applying the conductive layer to the substrate so that it makes
contact with the terminals, and reflowing the solder to join the antenna

to the terminals.

The method may include forming a cavity or indentation in the substrate

to receive the electronic circuit.

The cavity or indentation may be formed by punching or stamping the

substrate.
Alternatively, the cavity or indentation may be formed by moulding.

In another version of the invention, the cavity or indentation is formed

whi |l e the antenpa can l%e grinted or applied to the cardboard either before
?(Hgtot e substr



thereof. In the case of a container such as a bottle, access to the
I aterior of the container is restricted after manufactur - '

it difficult to apply a transponder and an antenna to a REPACEMENT SHEEDS
the container. Various solutions are possible. A plastigs{container wl
commonly be 16 manufactured in a nould. During the ngul dg?m\ﬁms
i ndentation or cavity in the surface of the container canjb ,
whi ch the
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in a plastics substrate by the application of a heated tool.

In a further version of the invention the cavity or indentation is formed
in a plastics substrate by heating the electronic circuit and pressing it

into the substrate.
Preferably, an upper surface of the electromic circuit bearing the
electrical terminals is substantially flush with the surface of the substrate

after being secured thereto.

The method may include applying a protective coating over the

electronic circuit and at least a portion of the antenna.
The protective coating may comprise a layer of settable sealant.
Alternatively, the protective coating may comprise a label.

The electronic circuit will in most cases be an integrated circuit such as

a transponder.

In the case of a transponder which is programmable with an identity
code, the method may include programming the identity code into the

transponder before or after securing it to the substrate.
The method may include applying contacts of a programming device to
both the transponder and the antenna after securing the transponder and

the antenna to the substrate, to program the transponder.

The method may include applying at least one contact element to the



transponder chip can subsequently be placed and adhered. An_antenna can

then be printed or placed over the transponder chip, and &
over both the antenna and the transponder, concealing ther
alternative, an indentation can be nmade in the plastics st
heated tool. As a further alternative, the transponder ch
heat ed and pressed into the plastics substrate, so that it
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attached as descri bed above. In the case of a glass substr
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transponder, and applying contacts of a programming device to the
antenna and the at least one contact element after securing the
transponder and the antenna to the substrate, to program the

transponder.

Preferably, the method includes applying a protective coating to the
transponder, a portion of the antenna and a portion of the contact
element prior to’ programming of the traﬁsponder, the contacts of the
programming device being applied to uncoated portions of the antenna

and the contact element.

In one embodiment of the invention, the substrate comprises at least
first and second components, the second component being secured to the
first component after attachment of the electronic circuit and the
antenna thereto, so that the electronic circﬁit and the antenna are

substantially enclosed.

The invention extends to a packaging component comprising a substrate

to which an integrated circuit has been attached by the above method.

The substrate may comprise cardboard, or may comprise glass, plastics

or metal, for example.

The substrate may define a container, or a closure for a container, for

example.

The invention further extends to an identification tag comprising a

substrate to which an integrated circuit has been attached by the above



manuf acture of the container. This can be done in the same way as with a
pl-astics substrate, by pre-indenting the glass during manuf
contai ner, and by then hiding the transponder and its antenra REROROEMENT aSHIET
or a suitable tough protective coating. As an alternative, tlhg Transponder
and its antenna can be incorporated in the |lid of the contaijndr, h m
in Figure 29. In Figure 29, a plastics screw cap 108 is sho v&’??ﬂ@‘ﬁg
transponder chip 10 and its associ atgd antenna 110 | ocated gn it-he-inner._end
surface 112 of the cap, with a protective coating 114 of a quitable

seal ant. Thimeth®dparticul arly convenient in the case of noultetptastrecs
caps or lids. In such a case, at least a portion of the cap or lid, in the
regi on where '

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic plan view of an integrated
circuit transponder with a patch antenna

applied thereto;

Figures 2 to 6 _ iilustrate schematically a method  of
programming the transponder and attaching

it to a substrate;

Figure 7 is a flow chart summarising in the steps

illustrated in Figures 2 to 6;

Figure 8 is a second flow chart, relating to a second

method according to the invention;
Figures 9 to 11 illustrate schematically the second method
" of attaching the transponder to the

substrate;

Figure 12 is a third flow chart, rélating to a third

version of the method of the invention;

Figures 13 to 17 illustrate schematically the third method of

attaching the transponder to the substrate;

Figure 18 is a fourth flow chart, relating to a fourth



the transponder and its antenna are applied, nust be nor
the case of a netal substrate,
antenna directly onto the netal,
it is necessary first to provide an insulating |ayer on
before such a printing step.
antenna can be used with a suitable irsulating | ayer bet

and the netal substrate.

Figures 19 to 23

Figure 24

Figures 25 to 28

Figure 29

Figure 30

it is not possible to pri
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as this would short out{ tthe antenna. TI
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version of the method according to the

invention;

illustrate schematically the fourth method of

attaching the transponder to the substrate;

is a fifth flow chart, relating to a fifth

version of the method of the invention;

iltustrate schematically the fifth method of

attaching the transponder to the substrate;

is a partial sectional side view of a cap for
a container to which a transponder has been
attached by the method of the invention;

and

is a plan view of a typical patch antenna

employed in the method of the invention.

DESCRIPTION OF EMBODIMENTS

Figure 1 is a schematic plan view of an integrated circuit transponder 10

which is formed with three conductive contacts or terminals 12, 14 and

16 on its upper surface, and which is embedded in the surface of a

substrate (see below). Applied to the substrate over the transponder 10

is a rectangular patch antenna 18 which has an elongate central slot 20.

The patch antenna 18 is oriented so that areas thereof on either side of

the slot 20 are in electrical contact with the terminals 12 and 16 of the

transponder, while the central terminal 14 of the transponder is in the

slot 20, clear of the patch antenna.



The transponder 10 can be programed with its identificatian _code at the
time of manufacturing. However, users of the transponder; g{m_myggﬁgdiuﬂe

maxi mum flexibility if the identification code is progra
of attaching the transponder to its substrate. A nunber ¢f p ibhilities
Firstly, the transponder can be programed prior {o
to the substrate or the antenna itself, for exanple by a1s of direct

ari se.
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contact onto the contact points on the transponder chip.{Secondly, the
transponder can be programmed after attachment to the su |

to the print|

orogr amm ng. cantbaraaprned BT oy pafh ARRERTZANREEE SoPRtRRLY

and printing Ofel@cﬁ\feach@nfreqiertcm, &ntlfmnégloxblmf 915 MHz, and the patch

antenna is sized accordingly. A typical antenna is about 50 mm by 25
mm in size. The exact shape, size and type of the antenna will depend

in practice on the required radiation pattern and the operating
frequency.

The substrate (not shown in Figure 1) is typically the surface of a
package or container which is required to be identified by the
transponder.  Thus, the transponder is programmed with an
identification code, which can identify the article to which it is attached,
either uniquely or as one of a number of identical articles. Particularly
in the latter case, where relatively low-cost articles such as packages of
foodstuffs are required to be identified in a supermarket or other rerail
outlet, the cost of providing the coded transponder and securing it to the

package becomes critical.

Referring now to Figures 2 to 6, the transponder 10 is illustrated
schematically on a conveyor belt 22. A programming unit 24 stores the
identification code which is to be loaded into the transponder, and is
connected to the terminals 12, 14 and 16 of the transponder as it passes
the programming unit by means of spring loaded contact pins 26. The
transponder 10 contains an EPROM, and the desired identification code
(typically a 38 to 64 bit code) is burnt into the EPROM. The
transponder 10 then moves on, and a following transponder is

programmed.

In Figure 3, sections of cardboard sheet 28 are shown being moved on

rollers 30. The cardboard sheets are blanks which will be folded into

Thirdly,
ransponder



rior to the application of the, protective coating. InJt e three
(F:)pnt act poi ntspgre normal |y requi Iroed, one each to '?he t H*P;I ;‘f‘g%j’? SheT
antenna and a third to a contact strip applied to the tjahsponder, or
directly onto a third contact on the transponder, or eve¢n dlz'pwdwggg tihe
substrate of the transponder. Fourthly, programm ng canjeyen be carri ed dut
after the transponder and the adjacent portion of the antemathave—beet
covered with a protective coating, by using the nethod ¢lescribed with
reference to Figures 12 to 17. In sone %ppl ications it wll be advantagéous
to programthe transponder as late as possible in the process, after
attachment of POXeSoier exampleafder containing foodstuffs. A punch gZ is operated

as each cardboard blank passes underneath it, creating a cavity or

indentation 34 at a desired location in each blank.

As shown in Figure 4, a layer of adhesive 36 is now applied to the
underside and the sides of the transponder 10. Using a pick and place
machine 38 (see Figure 5) the transponder 10 is located in the
indentation or cavity 34 in the blank 28 as it passes.the pick and place
| machine, so that the transponder is secured to the cardboard blank with

its upper surface flush with the upper surface of the blank.

Apart from securing the transponder 10 to the cardboard substrate 28,
the adhesive 36 provides environmental protection for the integrated
circuit, for example, against moisture. In addition, the adhesive serves
to insulate the substrate of the circuit, that is, the sides and the bottom
of the circuit, which are normally either at the ground or supply
potential of the integrated circuit. This is important to prevent the
integrated circuit substrate being shorted to any portion of the antenna

- which is applied to the substrate in the next step.

In the next step, the antenna 18 is applied to the surface of the substrate
28, by printing a conducting ink on the substrate in the required shape.
The ink can be metallic or carbon based, for example, such as "Colag"
ink or graphite paste. Finally, a protective coating 40 is applied to the
substrate over the transponder 10 and the antenna 18, to protect it from
moisture and mechanical damage. The protective coating can be
another layer of ink, which is preferably non-conducting, or else may
comprise a plastic sealant. As a further alternative, the protective layer

may comprise a label, such as a self-adhesive label, "Wpon which is



18 possibly also the protective coating. For exanple, erpgr)th&;
Is an identification |label to be applied to an article,

st
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transponder and its antenna attached thereto, the | abel can be ro mTe

shortly before they are issued for attachnment to the rel eviang 7
the process of attaching the transponder chip and the antgnna to the

substrate, a nunber of different adhesives and seal ants [may be required.

10

nmenti oned above, curing nay be required in sone of the dteps.ln order
i ncrease manufacturing volunes, the vdfi ous adhesi ves and

printed a conventional bar code with a number corresponding to the
identification code programmed into the transponder 10. This allows the
final package to be identified both by means of the transponder 10 and
the bar code.

The above described steps are set out in the simplified flow chart of
Figure 7.

The cardboard blank 28 is now fed through the remaining stages of
production, including a printing stage, and a cutting and folding stage in
which the blank is formed into a cardboard box which can be filled as
usual. The completed and filled box can be delivered to a retailer in the
usual way, where it can be identified in a conventional manner, or by
using the identification system described in South African patent
application no. 92/0039, the contents of which are incorporated herein

by reference.

In an alternative version of the invention, the antenna.18 is not printed
on the substrate using conductive ink, but comprises a conductive foﬂ_
layer which is applied to the surface of the substrate. This version of the
method is set out in the simplified flow chart of Figure 8, and is
illustrated in Figures 9 to 11. The antenna 18 comprises a sheet of self-
adhesive metallic foil 42, which is stamped or pre-cut from a strip of the
foil. As shown in Figure 9, the integrated circuit transponder 10 is
connected to the underside of the foil strip 42, in an area where the
coriventional adhesive layer 44 on the foil strip has been removed, using

a conductive adhesive compound.

One example of such a conductive/adhesive material is an electrically




seal ants need to be rapid-curing types. Various different Q{i ae gE’m
can be used, according to the type of substrate and the gy LOPEMENT SF
adhesi ve/ seal ant in use. For exanple, conventional heat $oyrces such as
ovens can be used for curing, or hot air blowers can be ysed.27 Novaigoped
ultra-violet or radio-frequency radiation can al so be usg¢d dependrng on
the type of sealant. In sone cases, cooling of the substratemaybe
appropriate for curing purposes. In order to mninmse the cost of the
antenna, it is preferred to print it ol the substrate using a conductive
ink. In this CO‘&%H: the rd"ink" Is intended to_nean a i urd or paste,
for exanple, tivg silyes %ﬁhqp@w.rmoynaemmeelagna@ﬂ&% E-to a

substrate, angprot TARCKSS Ak Phrlepoxy, which can be cured in 15 minutes at
120°C, and which has a sheet resistance of 0.0001 to 0.0004 ohm-cm.

Ideally, 2 number of transponders 10 are attached to respective foil
antennas and are provided on a continuous roll for application to
cardboard blanks in a printing process. A layer of adhesive 46 is
optionally applied to the underside of the transponder 10. A protective
coating 48 of a suitable sealant is applied to the upper surface of the
antenna, sealing the area where the antenna and the transponder are

connected.

As shown in Figure 10, the transponder/antenna sub-assembly is placed
in abutment with the cardboard substrate 28, so that the transponder 10
is located in the punched cavity or indentation 34. A roller is passed
over the transponder/antenna sub-assembly to secure it to the cardboard
blank, by means of the adhesive 44 on the foil 42 of the antenna, and
preferably also by means of the layer of adhesive 46 applied to the
underside of the transponder 10, with the completed ziss.emblyl shown in

Figure 11.

In a hybrid version of the above two methods, a self-adhesive foil
antenna patch can be applied to the substrate 28 after the transponder
10 has been secured thereto, instead of printing the antenna over the

transponder.

A third method according to the invention is illustrated in Figures 12 to
17. In this version of the invention, the transponder 10 is not

programmed prior to being secured to a substrate, as in the above



coloured or visible liquid. The ink contains a conductiVvE Fd;wmgﬂpqggugh
as particles of metal or carbon. A nunmber of different pyig f‘b“WﬁVhﬁﬁ%‘can
be used, such as silk screen nethods, stencilling, sprayjng or conventi gnal
| it hography. As nentioned above, the exact shape and sizgp pf 20hR0¥MeeHN4
depends on the frequency used and the radiation pattern feguired, whichijin
turn depends on the specific application. A typical antephna déesign Is
illustrated in Figure 30, and is seen tg,conprise two halves 116 and 118
each of which has a base region 120 from which

described two methods. Figure 12 indicates the steps of this method in

flow chart form. As shown in Figure 13, in the first step, a conductive
antenna 50 is printed onto or otherwise secured to a substrate 52. The
-antenna S0 comprises first and second halves 54 and 56. In addition, a
central contact strip 58 is printed between the two antenna halves. This
strip is used in programming the transponder 10 with its identification

code.

i In Figure 14, conductive bumps 60 comprising a mixture of conductive
and adhesive material are applied to contact areas on the antenna halves
54 and 56 and on the contact strip 58 by an applicator 62, for connection

to contact points on the transponder itself.

Next, as indicated in Figure 15, a pick and place machine 64 is used to
place the transponder chip 10 in a "flipped" or face down orientation on
the antenna 50, with respective contact points 12, 14 and 16 in contact
with the respective contact bumps 60 on the antenna half 54, the contact
strip 58 and the antenna half 56. A curing step follows, when the
adhesive/conductive material connecting the transponder 10 to the
‘antenna and the contact strip is cured and .hardened.- As shown in
Figure 16, a protective coating 66 of a suitable sealant is then applied
over the transponder and the antenna, in the area where the two make
contact. However, a substantial portion of the entire antenna and at
least a portion of the contact strip 58 remain uncovered (see the
schematic plan view of Figure 16a) as they are still required for

programming of the transponder.

Finally, as shown in Figure 17, a programming unit 24 having spring
loaded contact pins 68 is positioned over the transponder 10 with its



19 extend a plurality of parallel fingers 122. The spacj
hal ves 116 and 118 is determ ned by the spacing of the t
termnals on the integrated circuit. The materials used
i nk must have a sufficiently |low resistance to allow su
flowin the antenna to allow the transponder to be powe
required operating range. In sone cases, the printed in
flexible, to allow bending or twi sting of the antenna.

Table 1 shows _the.l
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results obtained with silver epoxy and 48l ver ink, which

suitable in prot otgé)e applications of the inventian. Ano
i nk cont ai ni ng espective ppms 68 in contact with the contact strip 58 an

were found to be
er I{)ossibility S
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halves 54 and 56, and the transponder is then programmed with its
identification code. If required, a further thin protective coating can be
applied to cover the exposed portions of the antenna and the contact

strip.

Of course, instead of a single contact strip, two or more such strips can

be provided for purposes of programming the transponder.

A further embodiment of the invention is illustrated in Figures 18 to 23.
Figure 18 summarises this version of the method in flow chart form. In
this version of the method, an antenna comprising a first half 70 and a
second half 72 is printed or applied to the surface of a substrate 74 as
described above. A punch 76 with a curved end surface 78 is used to
form an indentation 80 in the surface of the substrate in the central
portion of the antenna. The central portion of the indentation 80, where
a transponder 10 is to be attachéd, is flat. The curved face of the
punch and the depth of the indentation 80 are chosen so that the

antenna is not damaged during this step.

As shown in Figure 20, an applicator device 82 is used to form adh.esive
contact bumps 84 at the inner edges of the antenna halves 70 and 72,
which correspond to contact points on the transponder chip. As shown
in Figure 21, a pick and place machine 86 is then used to locate the
transponder 10 on the antenna with its contact points in contact with the
respective conductive bumps 84, similarly to the procedure described
with reference to Figure 15. The adhesive/conductive material of the
contact bumps 84 is then heat cured. As shown in Figure 22, the
transponder 10 can now be programmed with its identification code by



carbon particles. TABLE 1 TYPE OF | NK TESTED TEST PERFORMED

S| LVER

SI LVER EPOXY | NK Sheet Resi stance (nOhm Squar e) 35.5

30.5

Cont act Resistance - Silver Epoxy 10 1000 contact (mohm Bending and

Tor si on

Passed Passed Antenna Gain (dB)

-2 The contacts between the transponder chip and the antenna are
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means of the above described programming unit 24 with its spring-
loaded contact pins 68, which make contact with the antenna halves 70

and 72, and with the conductive substrate of the transponder chip 10.

Finally, a protective layer 88 of a suitable sealant is applied over the
indentation in the centre of the antenna, over the transponder 10,

leaving the substrate 74 with a substantially flat upper surface.

Still another version of the invention is illustrated in Figures 24 to 28.
Figure 24 summarises this version of the method in flow chart form. In
this embodiment, the substrate to which the transponder is attached is
a housing having at least two components between which the
transponder chip is held. The completed housing may be, for example,
an identification or price tag which is applied to an article of

merchandise, or an identification card.

As shown in Figure 25, a first half 90 of the housing is formed with an

indentation or cavity 92 sized to receive a transponder chip. The

housing half 90 also has a hole or other attachment means 94 formed in

it, for later attachment of the housing to another article.

As shown in Figure 26, a pick and place machine 96 is used to place a
transponder chip 10, the sides and bottom of which have been coated

with an adhesive layer 98, into the cavity 92.

As shown in Figure 27, an antenna comprising first and second halves
100 and 102 is then printed or otherwise located over the transponder
chip 10, in much the same manner as the first two embodiments of the

invention described above. The second housing half 104 is then placed

0.5



i nportant and a nunber of alternative methods of creating acceptable

contacts are possible. As described above, the use of an adhesive maLeH-ﬁ

such as an epoxy resin with a conductive filler can be usegg | QEHE
9&5'@5&9 t h

electrically adequate and physically strong join between tk
and the antenna. An alternative is to provide sol der bunps
contact points of the transponder chip, which can be creat dZB@
waf er containing the chips through a wave sol dering

15 l

against the first housing half 90 and fixed to it, for example, by means
of adhesive, a heat welding step, or another method. The second
housing half 104 has an aperture 106 in it which is aligned with the
aperture 94 in the first . housing half, so that the resulting composite
device has an aperture in it, allowing the device to be attached to

another article as required.

The above described methods can be applied to a number of different
substrates. Where "an mdentauon must be. made in the substrate,
substrates of softer material such as cardboard and certain plastics
materials are preferred. In some cases, suitable indentations or cavities
can be moulded into plastics or other substrates, and it is also possible
to punch or cut cavities or indentations in harder materials such as a
metals or glass, depending on requirements. Obviously, the type of
operation which is required to create a cavity, where required, will affect

the cost of the method.

In the case of a cardboard substrate, the transponder and its antenna
can be attached prior to the folding of the cardboard into a box or other
package. The cavity. or indentation for receiving the transponder can
easily be pushed into the cardboard prior to attachment of the
transponder and subsequent folding of the cardboard, while the antenna
can be printed or applied to the cardboard either before or after folding
thereof.

In the case of a container such as a bottle, access to the interior of the
container is restricted after manufacture thereof, making it difficult to
apply a transponder and an antenna to an inner surface of the container.

Various solutions are possible. A plastics container will commonly be



machi ne,
exanpl e.

sol der can be reflowed by heating, effectively providing soldered joints
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bet ween the transponder and the antenna. Although the abov

or by screen printing solder paste onto the contac dga[
Once the antenna is printed or applied to these sol dgr .
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nmet hods have been described with reference to the printing |or] att

a patch antenna to the substrate and the integrated circuitft
and is appropriate for the frequdncy range
dependi ng on the application

this is nerely exenplary,
enpl oyed in the prototype system OGCbvioiésly,
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of the end product and the specifications of the systemin which it is to
be used, di ffen@mmfétoytprsé inf motldnhurmgythb en@riging ypeocess;an iademptien a | oop or

or cavity in the surface of the container can be included, into which the
transponder chip can subsequently be placed and adhered. An antenna

can then be printed or placed over the transponder chip, and a label

-placed over both the antenna and the transponder, concealing them. As

an alternative, an indentation can be made in the plastics substrate using

a heated tool.

As a further alternative, the transpdnder chip itself can be heated and
pressed into the plastics substrate, so that it melts the adjacent plastic
and adheres to it once it cools. The antenna can then be attached as
described above. ,

In the case of a glass substrate, such as a bottle or other container, the
transponder and its antenna will normally have to be attached after the
manufacture of the container. This can be done in the same way as with
a plastics substrate, by pre-indenting the glass during manufacture of the

container, and by then hiding the transponder and its antenna under a

label or a suitable tough protective coating. As an alternative, the |

transponder and its antenna can-be incorporated in the lid of the

container, as shown in Figure 29.

In Figure 29, a plastics screw cap 108 is shown, with the transponder
chip 10 and its associated antenna 110 located on the inner end surface
112 of the cap, with a protective coating 114 of a suitable sealant. This
is particularly convenient in the case of moulded plastics caps or lids.
In such a case, at least a portion of the cap or lid, in the region where

the transponder and its antenna are applied, must be non-metallic.




coil of fine wre could be attached to each antenna term
integrated circuit. Alternatively, elongate antenna el enentﬂgpgk‘cwg WEET

foil could be connected to each antenna termnal. O courf such | oops,
coils or elongate antenna el enments could be printed in rru:h t 127 NaWe1998y {ag
descri bed above. Which nmethod of form ng and applying thejantenna is choger
wi Il depend on the volumes required. In high volume appligattomsTtte
printing of the antenna using a conducti,ve ink or the |like is advant ageous.
The above descri bed nethods nake it pos1 bI e to attach integrated circuit
transponders (g yff DRE o?laSRLLP MG Q! pokiBld b hlift SHiiRfuEAles 10 | arge
vol unes, aIIovmngtelrrpeme 'on’of an

antenna directly onto the metal, as this would short out the antenna.

Thus, it is necessary first to provide an insulating layer on the metal
substrate before such a printing step. Alternatively, of course, a
conductive foil antenna can be used with a suitable insulating layer

between the antenna and the metal substrate.

The transponder 10 can be programmed with its identification code at
the time of manufécturing. However, users of the transponders are
afforded maximum flexibility if the identification code is programmed in
at the time of attaching the transponder to its substrate. A number of
possibilities arise. Firstly, the transponder can be programmed prior to
being attached to the substrate or the antenna itself, for example by
means of direct contact onto the contact points on the transponder chip.
Secondly, the transponder can be programmed after attachment to the
substrate but prior to the printing or application of the antenna onto the
substrate. Thirdly, programming can be carried out after the attachment
of both the transponder and printing or attachment of the antenna, but
prior to the application of the protective coating. In this case, three
-contact_point's aré normally required, one éach to the two halves of the
antenna and a third to a contact strip applied to the transponder, or
directly onto a third contact on the transponder, or even directly to the
substrate of the transponder. Fourthly, programming can even be
carried out after the transponder and the adjacent portion of the
antenna have been covered with a protective coating, by using the

method described with reference to Figures 12 to 17.

In some applications it will be advantageous to program the transponder

as late as possible in the process, after attachment of the antenna, and
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possibly also the protective coating. For example, where| the substrate o

b s e 2 A e

is an identification label to be applied to an article, with the transponder
and its antenna attached thereto, the labels can be programmed shortly

before they are issued for attachment to the relevant packaging.

In the process of attaching the transponder chip and the antenna to the
substrate, 2 number of different adhesives and sealants may be required.
As mentioned above, curing may be required in some of the steps. In
order to increase }nanufactﬁring volumes, the various adhesives. and
sealants need to be rapid-curing types. Various different curing methods
can be used, according to the type of substrate and the type of
adhesive/sealant in use. For example, conventional heat sources such
as ovens can be used for curing, or hot air blowers can be used. Infra-
red, ultra-violet or radio-frequency radiation can also be used, depending
on the type of sealant. In some cases, cooling of the substrate may be

appropriate for curing purposes.

In order to minimise the cost of the antenna, it is preferred to print it
on the substrate using a conductive ink. In this context, the word "ink"
is intended to mean a liquid or f)aste, for example, which can be applied
in a desired shape or pattern to a substrate, and not necessarily a
coloured or visible liquid. The ink contains a conductive component,
such as particles of metal or carbon. A number of different printing
methods can be used, such as silk screen methods, stencilling, spraying
or conventional lithography. As mentioned above, the exact shape and
size of the antenna depends on the frequency used and the radiation
pattern required, which in turn depends on the specific application. A
typical antenna design is illustrated in Figure 30, and is seen to comprise

two halves 116 and 118, each of which has a base region 120 from which
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extend a plurality of parallel fingers 122. The spacing d between the
halves 116 and 118 is determined by the spacing of the relevant contacts

or terminals on the integrated circuit.

The materials used for the conductive ink must have a sufficiently low
resistance to allow sufficient current flow in the antenna to allow the
transponder to be powered up at the required operating range. In some
cases, the printed ink may need to be flexible, to allow bending or
twisfing of the antenna. Table 1 shows the results obtained with silver
epoxy and silver ink, which were found to be suitable in prototype
applications of the invention. Amnother possibility is ink containing

carbon particles.

TABLE 1

TYPE OF INK TESTED

TEST PERFORMED SILVER | SILVER
EPOXY | INK

Sheet Resistance (mOhm/Square) 355 30.5

Contact Resistance - Silver Epoxy 10 1000

contact (mOhm)

Bending and Torsion Passed | Passed. -

Antenna Gain (dB) 0.5 -2

The contacts between the transponder chip and the antenna are
important and a number of alternative methods of creating acceptable
contacts are possible. As described above, the use of an adhesive
material such as an epoxy resin with a conductive filler can be used to
obtain an electrically adequate and physically strong join between the

transponder and the antenna. An alternative is to provide solder bumps
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electrical ternminals; securing the electronic circuit tp
appl ying a conductive elenent to the substrate and the .l

15
makes el ectri cal
A met hod accordi

conprises a |ayer of conductive ink, prig&}ed in the shape of the antenna.
20 3. A nmet hod according to claim 1 ¢

providing an electronic circuit having

ng to claiml characterised in that thejcdndu

aracteri sed i niLt.
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passing the wafer containing the chips through a wave soldering
machine, or by screen printing solder paste onto the contact points, for
example. Once the antenna is printed or applied to these solder bumps,
the solder can be reflowed by heating, effectively providing soldered
joints between the transponder and the antenna.

Although the above described methods have been described with
reference to the printing or attachment of a patch antenna to the
substrate and the integrated circuit transponder, this is merely
exemplary, and is appropriate for the frequency range employed in the
prototype system. Obviously, depending on the application of the end
product and the specifications of the system in which it is to be used,
different types of antenna may be employed. For example, a loop or
coil of fine wire could be attached to each antenna terminal of the
integrated circuit. Alternatively, elongate antenna elements of wire or
foil could be connected to each antenna terminal. Of course, such loops,

coils or elongate antenna elements could be printed in much the same

at LAS O
Adre AGENEYTr aﬁ%ﬁ;f_

-t CTTCU t

to define an antenna, so that the condu tiv‘?m\gﬁ@y
contact with said at |least two el ectridall t® s 2

way as described above. Which method of forming and applying the |

antenna is chosen will depend on the volumes required. In high volume
applications, the printing of the antenna using a conductive ink or the

like is advantageous.

The above described methods make it possible to attach integrated
circuit transponders (or other electronic circuits) to suitable substrates
in large volumes, allowing the implementation of an automatic
identification system which can be applied to large numbers of articles

of a relatively low cost.
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char acteri sed
circuit prior

foil and the circuit being applied together to the subsirp
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Although different aspects of the method of the present invention have
been described with reference to the attachment of integrated circuit
transponders to various substrates, it will be appreciated that the
invention is not limited to use with transponders, but that other
electronic circuits (not necessarily integrated circuits) can be attached to

substrates in the same way.



7. © A nethod according to any one of clains 4 to 6 characterised in that
the netallic foil has an adhesi layer thereon for securing the foil to

the substrate. 8. A et hod ac CHISRHMG T, 7 chara g@b%@ T T
t he adhesive layer is renoved fjrom t Repnet: oil in ar ‘*‘$D &:l n

to the position of the electrica “mi-nat 5—ef_the el ectrlorfic circuit prio
to application of the foil to the electronic circuit or tjhg sRFsKOWt994 9
A nmet hod according to claim4 characterised in that the tlallic foil is
applied to the substrate prior to secg?i ng the electronid citcurt-toth
substrate, and the electronic circuit®fs subsequently

LAIMS:
1. A method of attaching an electronic circuit to a substrate

characterised in that it comprises:

providing an electronic circuit having at least two

electrical terminals;
' securing the electronic circuit to the substrate; and

applying a conductive element to the substrate and the
electronic circuit to define an antenna, so that the
conductive element makes electrical contact with the at

least two electrical terminals.

2. A method according to claim 1 characterised in that the
conductive element comprises a layer of conductive ink, printed

in the shape of the antenna.

3. A method according to claim 2 characterised in that the
conductive ink comprises carbon or metallic particles.

4, A method according to claim 1 characterised in that the

conductive element comprises a metallic foil.

5. A method according to claim 4 characterised in that the metallic
foil is applied to the electronic circuit prior to securing the
integrated circuit to the substrate, with the foil and the circuit

being applied together to the substrate.

cet Has Been Replaced
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attached to predeterm ned areas of the netallic foil, thereby to secure the
electronic circuit to the substrate. 10. A net hod accor{di g o}
claims 4 to 9 characterised in that includes attaching t Rgﬁléé@rhﬁglilw-r
contacts of the electronic circuit to predeternmned areas gf the foil using
a conductive adhesive. 11. A met hod according to any orle {of 271 NOW$936 t ¢
10 characterised in that it includes applying solder to tihg at | east two
el ectrical terminals, applying the conductive |layer to the substrate so
that it nmakes contact with the term nal23, and reflow ng tihe solder to

6. A method according to claim 4 characterised in that the metallic
foil is applied to the substrate after the electronic, circuit has

been secured to the substrate.

7. A method according to any one of claims 4 to 6 characterised in
that the metallic foil has an adhesive layer thereon for securing

the foil to the substrate.

8. A method according to claim 7 characterised in that the adhesive
layer is removed from the metallic foil in areas corresponding to
the position of the electrical terminals of the electronic circuit
prior to application of the foil to the electronic circuit or the

substrate.

9. A method according to claim 4 characterised in that the metallic
foil is applied to the substrate prior to securing the electronic
circuit to the substrate, and the electronic circuit is subsequently
attached to predetermined areas of the metallic foil, thereby to

secure the electronic circuit to the substrate.

10. A method according to any one of claims 4 to 9 characterised in
that includes attaching the electrical contacts of the electronic
circuit to predetermined areas of the foil using a conductive

adhesive.

11. A method according to any one of claims 1 to 10 characterised
in that it includes applying solder to the at least two electrical
terminals, applying the conductive layer to the substrate so that

it makes contact with the terminals, and reflowing the solder to

Iy
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24 join the antenna to the termnals. 12. A nmet hod according to any one
of claims 1 to 11 characterised in that it. includes fornng.a.-cavity-or

indentation in the substrate to receive the electronic cijr QUPtACEMBNT SHAET
met hod according to claim 12 characterised in that the cgvigy—ef '

y o]
indentation is fornmed by punching or stanping the substrgtg. 14. tLo
nd@ﬁtﬂ@y ggé”?s

(A

according to claim 12 characterised in that the cavity or
formed by noul di ng.
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join the antenna to the terminals.

12. A method according to any one of claims 1 to 11 characterised
in that it.includes forming a cavity or indentation in the substrate

to receive the electronic circuit.

13. A method according to claim 12 characterised in that the cavity

or indentation is formed by punching or stamping the substrate.

14. A method according to claim 12 characterised in that the cavity

or indentation is formed by moulding.

15. A method according to claim 12 characterised in that the cavity
or indentation is formed in a plastics substrate by the application
of a heated tool.

16. A method according to claim 12 characterised in that the cavity
or indentation is formed in a plastics substrate by heating the

electronic circuit and pressing it into the substrate.

17. A method 2ccording to any one of claims 12 to 16 characterised
in that an upper surface of the electronic circuit bearing the
electrical terminals is substantially flush with the surface of the

substrate after being secured thereto.

18. A method according to any one of claims 1 to 17 characterised
in that it includes applying a protective coating over the

electronic circuit and at least a portion of the antenna.

R



15. A nmethod according to claim12 characterised in that the cavity or
i ndentation is forned in a plastics substrate by the appkeation . of a

heated tool . 16.

A et hod according to claim12 charadt &EPsEEMARTt Sial
cavity or indentation is formed in a plastics substrate

el ectronic circuit and pressing it into the substrate. 7. 639
h

according to any one of clains 12 to 16 characterised in
surface of the electronic circuit bearing the electrical
substantially flush with the surface gf the substrate after being secured
A nmet hod according to y one of clains Ito-t¥

thereto. 18.
char act eri sedlg.

20.

21.

22.
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25.
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A method according to claim 18 characterised in that the

protective coating comprises a layer of settable sealant.

A method according to claim 18 characterised in that the

protective coating comprises a label.

A method according to any one of claims 1 to 20 characterised

in that the electronic circuit is an integrated circuit.

A method according to claim 21 characterised in that the
electronic circuit is a transponder which is programmable with an
identity code, the method including programming the identity
code into the transponder before or after securing it to the

substrate.

A method according to claim 22 characterised in that it includes
applying contacts of a programming device to both the

transponder and the antenna after securing the transponder and

_ the antenna to the substrate, to program the transponder.

A method according to claim 22 characterised in that it includes
applying at least one contact element to the substrate which is in
contact with a respective terminal of the transponder, and
applying contacts of a programming device to the antenna and
the at least one contact element after securing the transponder

and the antenna to the substrate, to program the transponder.

A method according to claim 24 characterised in that it includes

applying a protective coating to the transponder, a portion of the

I




in that it includes applying a protective coating over
| east a portion of the antenna. 25 19 RB%$GEWHHHSHEET
according to claim 18 characterised in that the protec

conprises a |ayer of settable sealant. 20. A net hod a
18 characterised in that the protective coating conpris
nmet hod according to any one of clains 1 to 20 character

circuit and at

26.

27.

28.

29.

30.

31.
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antenna and a portion of the contact element prior to
programming of the transponder, the contacts of the
programming device being applied to uncoated portions of the

antenna and the contact element.

A method according to any one of claims 1 to 25 characterised
in that the substrate comprises at least first and second
components, the second component being secured to the first
'c.omponent. after attachment of the electronic circuit and the
antenna thereto, so that the electronic circuit and the antenna are

substantially enclosed.

A packaging component characterised in that it comprises a
substrate to which an integrated circuit has been attached by the

method of any one of claims 1 to 26.

A packaging component according to claim 27 characterised in

that the substrate comprises cardboard.

.A packaging cornponeﬁt according to claim 27 characterised in

that the substrate comprises glass, plastics or metal.

A packaging component according to any one of claims 27 to 29

characterised in that the substrate defines a container.

A packaging component according to any one of claims 27 to 29
characterised in that the substrate defines a closure for a

container.
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in that the electronic circuit is an integrated circuit.

22. A net hod

according to claim21 characterised in that the electr T TITCULT o8¢
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transponder which is programmable with an identity code,

i ncluding progranm ng the idenf |s SR J [T potire transpoh”
rdi my7 tND\CRgHem 2

after securing it to the substfate. REﬂLAcmf\
characterised in that it includes appty

to both the transponder and the antenna after securing
the antenna to the substrate, to programthe transpondd

"\f od accq

a
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der before or
progranmm ng devii ce

24. A nefhod

according to claim22 characterised in2fhat it includes

32.  Anidentification tag characterised in that it comprises a substrate

to which an integrated circuit has been attached by the method

of any one of claims 1 to 26.
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applying at |east one contact elenent to the substrate mﬁEﬁLAC‘%,ﬂLNTCﬁQmﬂﬁC

with a respective termnal of the transponder, and appl yi

progranmi ng device to the antenna and the at |east one co t

after securing the transponder and the antenna to the sub
t he transponder. 25. A met hod according to claim 24 cha

1 a

rag?ﬁfg% ogram

tacterised in thiat

it includes applying a protective coatinggto the transpdnder, a portion o

t he 26

ATTACHING AN ELECTRONIC CIRCUIT TO A SUBATRATE

ABSTRACT

Integrated circuits such as transponders (10) are attached to a substrate

(28) such as cardboard packaging material by adhering an integrated

circuit to the substiate, applying a patch antenna (18) to the substrate

and the integrated circuit, and applying a sealing layer (40) over the

integrated circuit and at least a portion of the antenna. In variations of

the method, an indentation (34) may be formed in the subétrate into

- which the mtegrated circuit 15 placed. The patch antenna may be screen

printed onto the substrate and the integrated circuit, using conductive

ink, or may be a metallic foil which is applied to the substrate and the

integrated circuit. Where the integrated circuit is a transponder, it can

be programmed with an identification code, either before or after being

attached to the substrate.

FIGURE 6.
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substrate to which an integrated circuit has been attabHREPLAGEMENT RHEfHod of
any one of clains 1 to 26. 5 33. A nmethod of attaphfng a transpofder
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for an article of sale in a supermarket; providing a

in a surface of the substrate; 15 pr oy
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securing it to the substrate.

Programme 1D Code

Apply Adhesive

Insert Chip into

First Half of Housing

N

Print Antenna
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SUMMARY OF THE INVENTION

‘According to the invention 2 method of attaching an electronic circuit to a packaging

component of a container or package for an article in a supermarket characterised in

that it comprises:

providing, as a substrate for the electronic circuit, a packaging

component of a container or package for an article in a supermarket;
providing an electronic circuit having at least two electrical terminals;
securing the electronic circuit to the substrate; and

applying a conductive element ta the substrate and the electronic circuit
to define an antenna, so that the conductive element makes electrical

contact with the at least two electrical terminals.

The conductive element may comprise a layer of conductive ink, printed in the shape of

the antenna.

" The conductive ink may comprise carbon or metallic particles.

Alternatively, the conductive clement may comprise a metallic foil.

The metallic foil may be applied to the electronic circuit prior to sectfring the integrated
circuit to the substrate, with the foil and the circuit being applied together to the

substrate.

Altematively, the metallic foil may be applied to the substrate after the electronic

circuit has been secured to the substrate.

The metallic foil may have an adhesive layer thereon for securing the
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CLAIMS
1. A method of attaching an electronic circuit to a packaging component of a

container or package for an article of sale in a supermarket characterised in that

it comprises:

providing, as a substrate for the electronic circuit, a packaging

component of a container or package for an article in a supermarket;
providing an electronic circuit having at least two electrical terminals;
securing the electronic circuit to the substrate; and

applying a conductive element to the substrate and the electronic circuit
to define an antenna, so that the conductive element makes electrical

contact with said at least two electrical terminals.

2. A method according to claim 1 characterised in that the conductive element .

comprises a layer of conductive ink, printed in the shape of the antenna.

3. A method according to claim 1 characterised in that the conductive ink
comprising carbon or metallic particles.

4, A method according to claim 1 characterised in that the conductive element
comprises a metallic foil.
5. A method according to claim 4 characterised in that the metallic foil is applied

to the electronic circuit prior to securing the integrated circuit to the substrate,

with the foil and the circuit being applied together to the substrate.
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An identification tag characterised in that it comprises a substiaté % which an
integrated circuit has been attached by the method of any one of claims 1 to 26.

A method of attaching a transponder to a packaging component of a container
or package for an article of sale in a supermarket characterised in that it

comprises:

providing, as a substrate for the transponder, a packaging component,
formed of cardboard, glass, plastics or metal, of & container or package

for an article o¢f sale in a supermarket;

providing a cavity or indentation in a surface of the substrate;

providing a transponder circuit having at least two electrical terminals; |
securing the transponder within the cavity or indentation to the substrate;

applying a conductive element to the substrate and the transponder to
define an antenna, so that the conductive element makes electrical
contact with said at least two electrical terminals;

applying a protective coating over the transponder and at least a portion

of the antenna; and

*
*

programming an identity code into the transponder before or after
securing it to the substrate. |
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