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(57) ABSTRACT 

A transponder contains an integrated circuit, a power trans 
mitting component (antenna) and a capsule made of a 
thermoplastic resin (hot glue) that Surrounds the circuit 
continuously at least on one Surface of the circuit. The glue 
preferably is a polyamide and Surrounds the circuit protec 
tively, ensuring a mechanical connection between the circuit 
and the antenna. The encapsulation with the hot glue is 
conducted at pressures and temperatures that are below the 
preSSures and temperatures encountered during conventional 
injection molding. The transponder can be integrated into an 
injection molded part, for example a coin, by being placed 
in an injection mold in which it is Supported by feet and then 
Surrounded by molding material in a conventional injection 
molding proceSS So that it develops a more resistant sheath. 
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TRANSPONDER AND INJECTION-MOLDED PART 
AND METHOD FOR MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The invention relates to a transponder as installed 
primarily in maps or marks for identification of objects of 
various types, but also of perSons or animals, and to a 
method of making Such transponders. 

0003 2. Discussion of Related Art 
0004 Transponders are well known in the art and gen 
erally comprise an electrical circuit having a coil connected 
to an integrated circuit. The transponder is responsive to a 
received radio frequency Signal and produces a radio fre 
quency Signal. 

0005 U.S. Pat. No. 5,420,757 describes a transponder 
according to the Species in which the electrical circuit is 
encapsulated in epoxy resin or thermoplastic material. Such 
a capsule is made by conventional injection molding. This 
method has a number of drawbacks. In particular, the circuit 
is exposed to high temperatures and preSSures during the 
molding, which conditions often lead to damage of the 
circuit. Conventional injection molding typically is con 
ducted at a temperature of 180-400° C. and a pressure of 
1,000-2,000 bars. Under such conditions, the baking lacquer 
of the coils Softens at high temperatures, So that the coils 
may disintegrate. Soldered connections may also Soften. 
Since high Stresses may be acting on the components 
because of the high pressure, particularly when they have no 
connections to which they can be attached during injection 
molding, they have to be connected to expensive holders or 
Supports made of a Suitable material So that they are not 
displaced in the cavity during the injection molding process. 
This could lead to incomplete encapsulation and damage in 
Subsequent processing Steps. Moreover, the holders pen 
etrate the capsule and then have to be separated by punching 
or another Similar work Step. Making an intact capsule 
becomes more difficult and expensive. 

SUMMARY OF THE INVENTION 

0006. It is one object of the invention to provide an 
electrical circuit of a transponder having an enveloping 
capsule. 

0007. It is a further object of the present invention to 
develop a simple and inexpensive method for manufacturing 
Such a transponder. 

0008. These and other objects are achieved by the present 
invention. In the invention, the circuitry of a transponder is 
encapsulated within a hot melt material having a relatively 
low melting point. The hot melt encapsulation provides 
protection of the electronics of the transponder against 
damage from harsh environments, including those encoun 
tered in further processing (injection molding) of the tran 
sponder. 

0009 More in particular, the invention relates to a tran 
sponder comprising an electrical circuit containing at least 
one component Suitable for interaction with an electromag 
netic field encapsulated within a capsule, wherein the cap 
Sule comprises a thermoplastic resin having a melting point 
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of from 120° C. and 250° C., and wherein the electrical 
circuit is encapsulated by the thermoplastic resin. 

0010. The invention also relates to a method for manu 
facturing a transponder comprising an electrical circuit 
containing at least one component Suitable for interaction 
with an electromagnetic field encapsulated within a capsule, 
wherein the capsule comprises a thermoplastic resin having 
a melting point of from 120° C. and 250 C., and wherein the 
electrical circuit is encapsulated by the thermoplastic resin, 
comprising placing at least one of the electrical circuits in a 
cavity of a mold, and feeding the thermoplastic resin in 
molten form into the cavity to encapsulate the at least one 
electrical circuit and form the capsule, wherein the feeding 
is conducted at a temperature of from 120° C. to 260° C. and 
at a pressure of from 5 to 40 bars. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1A is a cross section through a mold during 
a first phase of a first embodiment of the method according 
to the invention for making a transponder according to the 
invention. 

0012 FIG. 1B is a top view of the bottom half of the 
mold according to FIG. 1A. 
0013 FIG. 1C is a cross section through the mold during 
a second phase of the first embodiment of the method 
according to the invention for manufacturing a transponder 
according to the invention. 
0014 FIG. 1D is a top view of the bottom half of the 
mold according to FIG. 1C. 
0015 FIG. 1E is a cross section through a transponder 
according to the invention. manufactured according to the 
first embodiment of the method according to the invention. 
0016 FIG.1F is a top view of the transponder according 
to the invention, according to FIG. 1E. 
0017 FIG. 2A is a cross section through a mold during 
a first phase of a Second embodiment of the method accord 
ing to the invention for manufacturing a transponder accord 
ing to the invention. 
0018 FIG. 2B is a cross section through the mold during 
a Second phase of the Second embodiment of the method 
according to the invention for manufacturing a transponder 
according to the invention. 
0019 FIG. 3A is a top view of an intermediate product 
of a third embodiment of the method according to the 
invention for manufacturing a transponder according to the 
invention. 

0020 FIG. 3B is a cross section through the intermediate 
product according to FIG. 3A. 
0021 FIG. 3C is a cross section through a transponder 
according to the invention, manufactured according to the 
third embodiment of the method according to the invention. 
0022 FIG. 3D is a top view of a transponder according 
to the invention according to FIG. 3C. 
0023 FIG. 4A is a cross section through an injection 
mold during a phase of the method according to the inven 
tion for manufacturing an injection molded part according to 
the invention. 
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0024 FIG. 4B is a cross section through an injection 
molded part according to the invention. 
0025 FIG. 4C is a top view of the injection mold part 
according to the invention according to FIG. 4B. 
0.026 FIG. 5A is a cross section through a mold during 
a first phase of a fourth embodiment of the method according 
to the invention for making a transponder according to the 
invention in which the mold becomes a part of the transpon 
der. 

0.027 FIG. 5B is a cross section through a mold during 
a second phase of a fourth embodiment of the method 
according to the invention for making a transponder accord 
ing to the invention in which the mold becomes a part of the 
transponder. 

0028 FIG.5C is a cross section of the transponder of the 
fourth embodiment according to the invention in which the 
mold has become a part of the transponder. 
0029 FIG.5D is a cross section of the transponder of the 
fourth embodiment according to the invention in which the 
mold forms Substantially the entire housing of the transpon 
der. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0030 The transponder according to the invention is 
enveloped by its capsule So that it is optimally protected 
from damage and can safely be exposed to a harsh (i.e., high 
temperature and pressure) environment. That is, it is impor 
tant to ensure mechanical Stability of at least an integrated 
circuit and an antenna or coil of the transponder. Most 
preferably, the circuitry of the transponder is completely 
encapsulated within the hot melt thermoplastic material of 
the capsule. However, it is also possible to encapsulate only 
one side of the transponder, for example the Side on which 
the electrical connections of the transponder protrude So that 
the electrical connections between the integrated circuit and 
the antenna of the circuit are encapsulated, or the opposite 
Side. The transponder can easily be laminated with film, 
particularly plastic film, if needed, as a result of the 
mechanical Stability. The encapsulated circuit can also easily 
be Subjected to a further injection molding operation at 
higher temperatures and pressures without damaging the 
electrical circuit, again as a result of the mechanical Stability. 
0031. The process of manufacture is simple and exposes 
the circuits to only relatively low pressures and temperatures 
during the complete encapsulation of the circuit with the hot 
melt thermoplastic resin, So that there is no damage to the 
circuit during manufacture. The circuits also do not have to 
be attached in a complicated fashion, but instead may be 
Simply inserted into a final product. 
0.032 Moreover, in the process, inexpensive molds such 
as aluminum, ceramic, plastic, textile or the like may be 
used, which mold materials are far cheaper than the Steel 
molds used for conventional injection molding. The molds 
do not normally have to be heated. The molds may prefer 
ably be incorporated into the transponder itself, rather than 
used only for Shaping of the mold. 
0.033 Because of the low pressure, lighter and compara 
tively cheaper injection molding machines can be used when 
encapsulating the circuit in the hot melt thermoplastic mate 
rial (hot glue). 
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0034. The encapsulated transponders achieved by the 
invention can be exposed immediately to the high pressures 
and temperatures that normally occur in injection molding, 
because the circuits are enveloped in the hot melt thermo 
plastic resin as discussed above. 
0035. The invention thus also covers injection molded 
parts that include a transponder according to the invention, 
which can be designed specifically for Such purpose. These 
can include coins, housings, consumer goods, pallets, etc. 
There are no limits on shaping. No difficulties are added to 
the manufacture of Such injection molded parts by building 
in a transponder according to the invention as it can be 
inserted into the cavity and the capsule injected around it 
without this having to be taken especially into consideration 
when the parameters are established. 
0036) The invention will now be further described with 
Specific reference to the drawing figures. 
0037. A transponder 1 according to the invention (see, for 
example, FIGS. 1E and 1F) comprises an electrical circuit 
2, which may be, for example, an antenna Such as copper 
wire coil 3 held together by baked Lacquer as well known 
in the art, with electrical connections 4a, 4b that connect coil 
3 with an integrated circuit 5 that likewise belongs to circuit 
2. Circuit 2 is Self-contained and has no external connec 
tions. It can interact by means of the antenna or coil with an 
external electromagnetic alternating field, and pick up 
energy, and transmit Stored data. With a Suitable design of 
integrated circuit 5, it can also receive and Store data. 
0038. The hot glue is preferably made of polyamide, 
although any Suitable hot melt thermoplastic material may 
be used. The hot glue preferably has a melting point of 250 
C. maximum, 120° C. minimum, and most preferably 
between 180° C. and 220 C. The viscosity of the liquid glue 
is preferably low. 

0039. In this regard, it should be noted that the material 
of the capsule is a hot melt or thermoplastic material, 
preferably polyamide. Conventional injection molding 
materials, for example polyamide materials, used in injec 
tion molding have a processing temperature of 300 C. to 
400° C. and require higher processing pressures (50 to 1,200 
bar, more typically 400 to 1,200 bar), heated injection 
molding tools and hardened Steel molds. The thermoplastic 
materials of the invention have lower melting temperatures, 
which lowers the viscosity of the melt and permits the use 
of Significantly lower molding pressures and the use of, for 
example, aluminum molding materials. 
0040. In one preferred embodiment of the present inven 
tion, circuit 2 is completely enveloped by a capsule 6 made 
of hot glue (i.e., a hot melt thermoplastic resin). 
0041. In a first aspect of such an embodiment, a first mold 
7 (FIGS. 1A and 1B) is prepared. The mold is preferably 
comprised of an inexpensive material Such as aluminum, 
ceramic, plastic or textile. 
0042. The mold has a bottom mold half 8a and a top mold 
half 8b. Circuit 2 is located in bottom mold half 8a and the 
coil 3 is partially contained in a depression 9 of the mold to 
hold the coil. Integrated circuit 5 is approximately in the 
center of coil 3 on bottom mold half 8a and is held by 
connections 4a, 4b. These connections are electrical con 
nections, i.e., connections that connect the coil to the inte 
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grated circuit in an electrically conducting manner. Thus, 
Supporting Surface, or back Surface, 10 of circuit 2, consist 
ing of the lower part of the outer surface of coil 3 and the 
bottom Surface of integrated circuit 5, abuts a corresponding 
Support Surface of mold 7. The electrical connections are on 
the front, or electrical connection, Surface of the circuit 2, 
i.e., the Surface of the circuit from which the electrical 
connections protrude in connecting the integrated circuit to 
the coil. 

0043. Once first mold 7 has been closed by applying 
second mold half 8b, liquid hot glue is injected into the 
cavity 11 formed between mold halves 8a, 8b. The tempera 
ture of the hot glue should preferably be slightly higher than 
the melting point of the glue. Thus, the temperature at 
injection is, for example, between 120° C. and 260 C., more 
preferably between 190° C. and 230 C., and most prefer 
ably about 200 C. Because of the low viscosity of the liquid 
glue, injection can usually be done at a low pressure of, for 
example, between 5 and 40 bars, more preferably between 5 
and 35 bars, and most preferably at approximately 20 bars. 
The pressures are usually leSS in cavity 11, namely slightly 
over 0 bar, until the cavity is completely filled when it too 
reaches the injection pressure. 
0044) Circuit 2 located in cavity 11 is surrounded par 

tially, e.g., up to its middle plane, by the hot glue and 
Supporting Surface 10 remains exposed. Since the encapsu 
lation takes place without high heat or mechanical loads, no 
damage to or displacement of circuit 2 by the entering glue 
is caused. 

0.045. In this aspect of the invention, once the hot glue has 
set, the partially covered circuit 2 is removed from first mold 
7, turned, and placed in a second mold half 8a' (FIGS. 1C, 
1D) of a second, higher mold 7". Supporting surface 10 then 
faces upward and is exposed. Mold 7" is closed by applying 
a top mold half 8b' and its cavity 11" is filled with hot glue, 
which is preferably the same as the hot glue used to 
encapsulate the first half of the circuit. Supporting surface 10 
is now also covered with hot glue and circuit 2 is completely 
covered. Capsule 6 is then complete. When the hot glue has 
Set, mold 7" is opened and the disk-shaped transponder 1 
(FIGS. 1E, 1F) is removed. Circuit 2, which is also approxi 
mately disk-shaped, is disposed Symmetrically in capsule 6. 
0046. In another aspect of the invention similar to the first 
embodiment discussed above, the capsule encapsulates the 
circuit on only one side of the circuit. The electrical con 
nections may or may not be encapsulated. This is accom 
plished by Subjecting the circuit to encapsulation with the 
thermoplastic material on only one Side in the above 
embodiment, i.e., by only conducting the encapsulation of 
FIGS. 1A and 1B on the front, electrical connection Surface 
of the circuit or on the opposite, Supporting Surface of the 
circuit, but not the other. Preferably, the electrical circuits 
are encapsulated. In this way, the circuit is still Suitably 
encapsulated for protection of the connections of the circuit 
as discussed above. However, this Security in the connec 
tions is Secondary to the mechanical Stability of encapsulat 
ing the integrated circuit and the antenna/coil. The chip/ 
module is mechanically connected to the coil by the hot melt 
thermoplastic resin, and thus the unit is handleable without 
risk of damage to the circuit. This aspect of the invention 
eliminates the additional encapsulation Step on the opposite 
Side of the circuit as above, thereby reducing the expense 
and time of the process. 
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0047 According to another embodiment of the method 
according to the invention for manufacturing a transponder 
according to the invention, only one mold 7 is used and 
circuit 2 is held in the center of the cavity by four pins 12a, 
b, c, d whose end Surfaces in turn form Supporting Surfaces, 
abutted by coil 3 with a supporting surface 10 consisting of 
four partial Surfaces. Pins 12a, b, c, d form two pairs 12a, b 
and 12c, d, oriented toward each other, and hold coil 3 firmly 
between them. Although four pins are shown in FIGS. 2A 
and 2B for illustration purposes, any number of pins may be 
used, including only one where, for example, the one pin is 
a bearing Surface that may be retracted like a pin during 
molding. 

0048. Once the hot glue has been injected and has set 
(FIG. 2A), pins 12a, b, c, d are pulled back to the wall of 
the cavity. More hot glue is injected and the Space left by the 
retraction of pins 12a, b, c, d is filled (FIG.2b). In this way, 
capsule 6 is once more complete and circuit 2 is completely 
covered with hot glue. When the second batch of hot glue 
has Set, mold 7 is opened and transponder 1 is removed. 

0049. In a most preferred embodiment of the invention, 
the mold used during encapsulation with the hot glue is 
comprised of an inexpensive material that can be incorpo 
rated into the final transponder product. That is, the mold 
preferably forms a part or Substantially all of the capsule or 
housing of the transponder. In this way, the circuit does not 
have to be removed from the mold following encapsulation, 
which might cause damage to the encapsulation material 
and/or circuit. Instead, the mold preferably forms a part of 
the capsule, and thus a part of the final product. 
0050 For this purpose, it is most preferred to use a plastic 
material as the mold, for example polyamide and the like, 
i.e., a material Similar in chemical Structure and properties to 
the material of the hot glue. However, any suitable mold 
material may be used including, for example, any Suitable 
plastic, aluminum, textile, ceramic or the like. 
0051) This embodiment is illustrated in FIGS. 5A to 5D. 
The circuit 2 is located within mold 7 that will form a part 
of the housing and remain with the transponder. A top part 
8 (FIG. 5B), for example an aluminum form, is then used to 
close the mold. The hot melt thermoplastic resin is then 
injected into the closed mold under the conditions discussed 
above. Following the injection, the encapsulated circuit 50 
(FIG.5C), encapsulated in the hot melt thermoplastic resin 
capsule 6, is obtained by removing top part 8. AS can be 
Seen, the mold 7 remains with the transponder to form a part 
of the housing. In FIG. 5D, top part 8 also becomes part of 
the housing and thus is not removed following encapsula 
tion, thereby forming a transponder in which the mold forms 
Substantially all of the housing of the transponder. 

0052. In the embodiment of FIGS.5A-5C, the mold most 
preferably is used on the Support, or back, Surface of the 
circuit, and the injected hot melt thermoplastic resin encap 
Sulates the electrical connection, or front, Surface of the 
circuit as shown in FIG. 5C. The hot melt thermoplastic 
resin need not completely encapsulate the circuit in this 
embodiment, the mold itself protecting at least the Support 
Surface of the circuit. 

0053 According to a still further embodiment of the 
method according to the invention for manufacturing a 
transponder according to the invention, Several circuits are 
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covered at the same time, So that they are temporarily held 
together by the hot glue coating. The method is the same in 
principle as in the first or in the Second embodiment, but the 
mold is significantly larger and its cavity is, for example, a 
parallelepiped and flat, So that a plurality of circuits can be 
placed therein in a regular grid. The result of the injection 
molding Step is a three-dimensional arrangement of circuits 
2 embedded in hot glue, which form a plate 13 (FIGS. 3A 
and 3B). Circuits 2 are completely covered with hot glue 
and Spaced apart from each other. 
0.054 Plate 13 can be hot- or cold-laminated on one or 
both sides with a plastic film, most preferably polyvinyl 
chloride (PVC). It is then separated by a stamping tool into 
individual transponderS 1 each of which is a circuit 2 
completely Surrounded by a capsule 6. Transponder 1 
(FIGS. 3C and 3D) is constructed in essentially the same 
way as those made according to the first or Second embodi 
ment of the method according to the invention but when 
plate 13 is laminated on both Sides, it has cover layerS 14a, 
b preferably made of PVC, but also possibly made of ABS, 
polycarbonate, polyester, or any other Suitable plastic mate 
rial. Plate 13 can be prepared such that a credit card or other 
card or a coin or the like containing a transponder 1 can 
immediately be punched out from it. 
0055. It is also possible to encapsulate several circuits 
together So that they form a line held together by the capsule 
or another arrangement of transponders that will later be 
held together by connecting Sections which are separated 
mechanically, for example in a later work Step. 
0056 Since the circuits are protected from high pressures 
and temperatures by the continuous capsules, the transpon 
derS according to the invention can be Smoothly integrated 
into injection molded parts. By contrast, nonencapsulated 
circuits cannot be Smoothly integrated into injection molded 
parts because before injection of the injection-molding 
material with the conventional injection molding method, 
the circuits are disposed in the cavity of the injection mold. 
0057 Circuits of the invention can be specially designed 
for injection molding and provided with Supporting ele 
ments. These can be formed as feet 15 of transponder 1 
projecting from both sides of the capsule (FIGS. 4A-C). 
These feet can be produced by, for example, additional 
injection with a Suitable design of the mold used to make 
them or by retraction of pins as used in the Second embodi 
ment of the method according to the invention, behind the 
wall of the cavity. In any case, they Support transponder 1 
(FIG. 4A) in a cavity 16 of an injection mold 17 made of 
hardened Steel during the manufacture according to the 
invention of an injection molded part according to the 
invention in Such fashion that it is reliably Secured and 
cannot be displaced when the injection molding material is 
injected. 
0.058. The temperatures during injection molding are 
higher by about 50° C. than during the production of capsule 
6 of transponder 1. For example, the temperature during 
conventional injection molding is typically on the order of 
180° C. to 400 C. In addition, the pressure of the injection 
molding is also higher than during the encapsulation, often 
by at least Several hundred bars. For example, the pressure 
during conventional injection molding is on the order of 400 
to 2,000 bars. Transfer molding, sometimes used in the 
electronics industry, uses pressures of 50 to 250 bars, which 
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is still higher than the 5 to 40 bars of pressure used in 
encapsulation in the present invention. As a result of first 
encapsulating the circuit in the hot glue at lower tempera 
tures and pressures, the circuit is able to easily withstand the 
harsher conditions of injection molding without damage and 
without Special, expensive additional processing to protect 
the circuits during injection molding. 
0059. It is also possible to provide a plastic or metal 
Support Surrounding the transponder for example annularly 
as a Supporting element, Said Support being cast with the 
capsule, and whose outer area is then clamped between the 
halves of the injection mold to Secure the transponder. 
0060. In the finished injection molded part according to 
the invention, for example a coin 18 or a token, transponder 
1 is surrounded nearly completely by a sheath 19 of the 
injection molding material. Since it consists of injection 
molding material that is Viscous and has a higher melting 
point than the hot glue that forms capsule 6 of transponder 
1, sheath 19 is Stronger and harder than the hot glue and coin 
18 is correspondingly Sturdy and resistant. 
0061 The injection molding material may comprise any 
Suitable material. Such include any known plastics which 
can provide the transponder with higher chemical resistance, 
higher Strength, higher temperature resistance, etc. com 
pared to the thermoplastic resin of encapsulation. Specific 
injection molding materials include, for example, polyphe 
nylene sulfide, acrylonitrile butadiene styrene (ABS) and 
polyethylene. 
0062 Transponder 1 can analogously also be integrated 
into more-complex injection molded parts, for example in 
vessels or containers, housings, pallets, vehicle parts, and 
consumer goods of all types. 
0063. The present invention thus offers many advantages 
over the prior art as discussed above, and including that the 
invention achieves a transponder that can be simply and 
inexpensively formed. The invention Surprisingly utilizes a 
hot glue material, a material conventionally used in other 
arts to repair items, to filly encapsulate the circuitry of the 
transponder in order to protect the circuitry (a use not 
heretofore foreseen with Such material). Also, it is not 
necessary in forming the capsule to first mount the circuitry 
on any type of Substrate. 

What is claimed is: 
1. An electrical circuit comprising an integrated circuit, an 

antenna and one or more electrical connections between the 
integrated circuit and the antenna, wherein at least the 
integrated circuit and the antenna are encapsulated within a 
capsule, and wherein the capsule comprises a thermoplastic 
resin having a melting point of from 120° C. to 250 C. 

2. The electrical circuit according to claim 1, wherein the 
capsule completely encapsulates the electrical circuit. 

3. The electrical circuit according to claim 1, wherein the 
capsule encapsulates the electrical circuit only on one Sur 
face of the electrical circuit. 

4. The electrical connection according to claim 1, wherein 
the electrical circuit is encapsulated within the capsule Such 
that at least one or more electrical connections are encap 
Sulated by the thermoplastic resin. 

5. The electrical connection according to claim 1, wherein 
the antenna is a coil. 
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6. Transponder comprising an electrical circuit containing 
at least one component Suitable for interaction with an 
electromagnetic field encapsulated within a capsule, wherein 
the capsule comprises a thermoplastic resin having a melting 
point of from 120° C. to 250 C., and wherein the-electrical 
circuit is encapsulated by the thermoplastic resin Such that at 
least an integrated circuit and an antenna of the electrical 
circuit are encapsulated by the thermoplastic resin. 

7. Transponder according to claim 6, wherein the ther 
moplastic resin consists essentially of thermoplastic polya 
mide. 

8. Transponder according to claim 6, wherein at least part 
of a Surface of the capsule is covered with a cover layer of 
laminated film. 

9. Transponder according to claim 8, wherein the lami 
nated film comprises a plastic. 

10. Transponder according to claim 9, wherein the plastic 
is polyvinyl chloride. 

11. Transponder according to claim 6, wherein the 
antenna is a coil. 

12. Transponder according to claim 6, wherein the elec 
trical circuit further comprises one or more electrical con 
nections connecting the integrated circuit in electrically 
conducting fashion with the antenna. 

13. Transponder according to claim 6, wherein the capsule 
further comprises at least one Supporting element projecting 
from its Surface. 

14. Transponder according to claim 6, wherein the capsule 
includes a material used as a mold during encapsulation with 
the thermoplastic resin. 

15. Transponder according to claim 6, wherein the tran 
sponder further comprises a sheath of injection molded resin 
Surrounding the encapsulated electrical circuit. 

16. Method of manufacturing a transponder comprising 
an electrical circuit containing at least one component 
Suitable for interaction with an electromagnetic field encap 
Sulated within a capsule, wherein the capsule comprises a 
thermoplastic resin having a melting point of from 120° C. 
to 250 C., and wherein the electrical circuit is encapsulated 
by the thermoplastic resin within the capsule Such that at 
least an integrated circuit and an antenna of the electrical 
circuit are encapsulated by the thermoplastic resin, compris 
Ing 

placing at least one of the electrical circuits in a cavity of 
a mold, and 

feeding the thermoplastic resin in molten form into the 
cavity to encapsulate the at least one electrical circuit 
and form the capsule, wherein the feeding is conducted 
at a temperature of from 120° C. to 260 C. and at a 
pressure of from 5 to 40 bars. 

17. Method according to claim 16, wherein the placing 
places a Supporting Surface of the electrical circuit against 
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the mold, and wherein the feeding consists of forming a 
partially covered electrical circuit covered with thermoplas 
tic resin at least on one Surface. 

18. Method according to claim 16, wherein the placing 
places a Supporting Surface of the electrical circuit against 
the mold, wherein the feeding forms a partially covered 
electrical circuit covered with thermoplastic resin at least on 
one Surface, and the method further comprises placing the 
partially covered electrical circuit in a cavity of a Second 
mold Such that the Supporting Surface is exposed to the 
cavity of the Second mold, and filling the cavity of the 
second mold with the thermoplastic resin to form a fully 
covered electrical circuit. 

19. Method according to claim 16, wherein the placing 
includes a plurality of pins Supporting the electrical circuit 
within the cavity of the mold. 

20. Method according to claim 19, wherein the method 
further comprises, following the feeding, removing the 
plurality of pins and Subsequently filling the cavity of the 
mold once more with the thermoplastic resin. 

21. Method according to claim 16, wherein the at least one 
electrical circuit comprises a plurality of electrical circuits 
that are encapsulated together So as to be held together by 
the thermoplastic resin. 

22. Method according to claim 21, wherein the encapsu 
lation forms a plate in which the plurality of electrical 
circuits are embedded, and the method further comprises 
Stamping the transponder comprising at least one electrical 
circuit from the plate. 

23. Method according to claim 22, wherein the method 
further comprises forming a film cover layer on one or both 
Sides of the plate before the transponder is Stamped from the 
plate. 

24. Method according to claim 16, wherein the feeding is 
conducted at a temperature of at most 230 C. and at a 
pressure of at most 35 bars. 

25. Method according to claim 16, wherein the mold 
remains with the electrical circuit and forms at least a part 
of the capsule. 

26. Method according to claim 16, wherein the method 
further comprises placing the transponder encapsulated in 
the thermoplastic resin in a cavity of an injection mold and 
Subsequently injecting injection molding material into the 
cavity to form an injection molded part. 

27. Method according to claim 26, wherein the injecting 
is conducted at a temperature of from 180° C. to 400° C. and 
at a pressure of from 50 bars to 2,000 bars. 

28. Injection molded part with transponder integrated 
therein made according to the method of claim 26. 


