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(57) ABSTRACT 
A method of manufacturing and testing an electronic circuit, 
the method comprising forming a plurality of conductive 
traces on a substrate and providing a gap in one of the 
conductive traces; attaching a circuit component to the 
substrate and coupling the circuit component to at least one 
of the conductive traces; supporting a battery on the sub 
strate, and coupling the battery to at least one of the 
conductive traces, Wherein a completed circuit Would be 
de?ned, including the traces, circuit component, and battery, 
but for the gap; verifying electrical connections by perform 
ing an in circuit test, after the circuit component is attached 
and the battery is supported; and employing a jumper to 
electrically close the gap, and complete the circuit, after 
verifying electrical connections. An electronic circuit com 
prising a substrate; a plurality of conductive traces on the 
substrate, With a gap in one of the conductive traces; a circuit 
component attached to the substrate and coupled to at least 
one of the conductive traces; a battery supported on the 
substrate and coupled to at least one of the conductive traces, 
Wherein a completed circuit Would be de?ned, including the 
traces, circuit component, and battery, but for the gap; and 
a jumper electrically closing the gap and completing the 
circuit, the jumper comprising conductive epoxy. 
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METHOD OF MANUFACTURING AND TESTING 
AN ELECTRONIC DEVICE, AND AN 

ELECTRONIC DEVICE 

TECHNICAL FIELD 

[0001] This invention relates to techniques for manufac 
turing circuitry. The invention also relates to methods of 
testing circuitry. 

BACKGROUND OF THE INVENTION 

[0002] When manufacturing circuitry, after attaching 
components to a substrate, such as to a circuit board or 
?exible material, it is desirable to perform testing. These 
tests, among other things, are to make sure that circuit 
connections have been properly made, are suf?ciently con 
ductive, and are not cold connections. Such testing is knoWn 
in the art as “in-circuit” testing. It is dif?cult to perform such 
testing While poWer is supplied to the circuitry, such as by 
an on board cell or battery. 

[0003] In circuit testing is performed for a Wide variety of 
types of circuitry. Just one example of circuitry for Which in 
circuit testing is performed is in identi?cation circuitry. 

[0004] As large numbers of objects are moved in inven 
tory, product manufacturing, and merchandising operations, 
there is a continuous challenge to accurately monitor the 
location and How of objects. Additionally, there is a con 
tinuing goal to interrogate the location of objects in an 
inexpensive and streamlined manner. One Way of tracking 
objects is With an electronic identi?cation system. 

[0005] Some such systems generally include an identi? 
cation device including circuitry provided With a unique 
identi?cation code in order to distinguish betWeen a number 
of different devices. Typically, the identi?cation devices are 
entirely passive (have no poWer supply). HoWever, this 
identi?cation system is only capable of operation over a 
relatively short range, limited by the siZe of a magnetic ?eld 
used to supply poWer to the devices and to communicate 
With the devices. 

[0006] Another type of electronic identi?cation system, 
and various applications for such systems are described in 
detail in commonly assigned US. patent application Ser. No. 
08/705,043, ?led Aug. 29, 1996, and incorporated herein by 
reference. The system includes an active transponder device 
af?xed to an object to be monitored Which receives a signal 
from an interrogator. The device receives the signal, then 
generates and transmits a responsive signal. Because active 
devices have their oWn poWer sources, they do not need to 
be in close proximity to an interrogator or reader to receive 
poWer via magnetic coupling. Therefore, active transponder 
devices tend to be more suitable for applications requiring 
tracking of a tagged device that may not be in close 
proximity to an interrogator. For example, active transpon 
der devices tend to be more suitable for inventory control or 
tracking. 
[0007] Electronic identi?cation systems can also be used 
for remote payment. For example, When a radio frequency 
identi?cation device passes an interrogator at a toll booth, 
the toll booth can determine the identity of the radio fre 
quency identi?cation device, and thus of the oWner of the 
device, and debit an account held by the oWner for payment 
of toll or can receive a credit card number against Which the 
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toll can be charged. Similarly, remote payment is possible 
for a variety of other goods or services. 

[0008] Testing of battery poWered circuitry of this or other 
types typically requires delaying connection of the battery to 
the circuit until in circuit testing is completed. Then, another 
in circuit test must be performed to verify the battery 
connections. 

SUMMARY OF THE INVENTION 

[0009] The invention provides a method of manufacturing 
and testing an electronic circuit. A plurality of conductive 
traces are formed on a substrate and a gap is provided in one 
of the conductive traces. A circuit component is attached to 
the substrate and coupled to at least one of the conductive 
traces. A battery is supported on the substrate and coupled 
the battery to at least one of the conductive traces, Wherein 
a completed circuit Would be de?ned, including the traces, 
circuit component, and battery, but for the gap. Electrical 
connections are veri?ed by performing an in circuit test, 
after the circuit component is attached and the battery is 
supported. A jumper is employed to electrically close the 
gap, and complete the circuit, after the electrical connections 
are veri?ed. 

[0010] In one aspect of the invention, employing the 
jumper comprises employing conductive epoxy. 

[0011] In another aspect of the invention, employing a 
jumper comprises placing a conductor across the gap and 
coupling the conductor to traces on either side of the gap 
With conductive epoxy. 

[0012] In another aspect of the invention, employing a 
jumper comprises placing a resistor across the gap and 
coupling the resistor to traces on either side of the gap With 
conductive epoxy. 

[0013] In one aspect of the invention, a jumper is formed 
by Wire bonding; e.g., by ultrasonically bonding a Wire loop 
to traces on either side of the gap. 

[0014] In one aspect of the invention, the battery is 
mechanically supported from the substrate by epoxy. In 
another aspect of the invention, the battery is electrically 
coupled to at least one of the traces by conductive epoxy. 

[0015] Another aspect of the invention provides an elec 
tronic circuit comprising a substrate, and a plurality of 
conductive traces on the substrate, With a gap in one of the 
conductive traces. A circuit component is attached to the 
substrate and coupled to at least one of the conductive traces. 
Abattery is supported on the substrate and coupled to at least 
one of the conductive traces, Wherein a completed circuit 
Would be de?ned, including the traces, circuit component, 
and battery, but for the gap. A jumper electrically closes the 
gap and completes the circuit. The jumper comprises con 
ductive epoxy. 

[0016] In one aspect of the invention, the jumper com 
prises conductive epoxy having a resistance of less than 
1000 ohms prior to curing. 

[0017] In another aspect of the invention, the jumper 
comprises a conductor across the gap and the conductive 
epoxy couples the conductor to the conductive traces on 
either side of the gap. 
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[0018] In another aspect of the invention, the jumper 
comprises a resistor across the gap and the conductive epoxy 
couples the resistor to the conductive traces on either side of 
the gap. 

[0019] In another aspect of the invention, the siZe of the 
gap is approximately 30 thousandths of an inch. 

[0020] In another aspect of the invention, the circuit 
component comprises an integrated circuit. In one aspect of 
the invention, the circuit component comprises an integrated 
circuit de?ning a Wireless identi?cation device including a 
receiver, a transponder, a microprocessor, and a memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Preferred embodiments of the invention are 
described below With reference to the folloWing accompa 
nying draWings. 
[0022] FIG. 1 is a plan vieW shoWing construction details 
of an electronic device embodying the invention prior to 
completing or closing a housing thereof. 

[0023] FIG. 2 is a plan vieW of a substrate employed in a 
method of manufacturing the device of FIG. 1. 

[0024] FIG. 3 is a plan vieW of the substrate of FIG. 2 
after further processing in accordance With the method of 
manufacturing the device of FIG. 1. 

[0025] FIG. 4 is a plan vieW shoWing further processing 
in accordance With the method of manufacturing the device 
of FIG. 1. 

[0026] FIG. 5 is a plan vieW shoWing further processing 
in accordance With the method of manufacturing the device 
of FIG. 1. 

[0027] FIG. 6 is a plan vieW shoWing further processing 
in accordance With the method of manufacturing the device 
of FIG. 1. 

[0028] FIG. 7 is a plan vieW illustrating an alternative 
embodiment of the invention at a processing stage similar to 
the stage illustrated in FIG. 6. 

[0029] FIG. 8 is a plan vieW illustrating another alterna 
tive embodiment of the invention at a processing stage 
similar to the stage illustrated in FIG. 6. 

[0030] FIG. 9 is a plan vieW illustrating processing after 
the stage shoWn in FIGS. 6, 7, or 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 
[0032] FIG. 1 illustrates an electronic device 10 in accor 
dance With one embodiment of the invention. In the illus 
trated embodiment, the device 10 includes a substrate 12. 
The substrate 12 can be a printed circuit board or a substrate 
appropriate for a ?eX circuit. 

[0033] The device 10 further includes circuitry 14 includ 
ing circuit components 16 on the substrate. The invention 
has application to circuitry including any of various types of 
circuit components. For eXample, the circuit components 16 
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can include one or more integrated circuits. In the embodi 
ment shoWn in FIG. 1, the circuit components 16 include an 
integrated circuit 18 as described in US. patent application 
Ser. No. 08/705,043, ?led Aug. 29, 1996 and incorporated 
herein by reference. In the illustrated embodiment, the 
integrated circuit 18 comprises a receiver, a transmitter or 
backscatter modulator, a microprocessor, and a memory, and 
is useful for inventory monitoring or RFID (radio frequency 
identi?cation device) or RIC (remote intelligent communi 
cations) applications. In the illustrated embodiment, the 
circuit components 16 further include a capacitor 20. Other 
types of circuit components, such as different types of 
integrated circuits, resistors, capacitors, inductors, etc. are 
employed in alternative embodiments. 

[0034] The circuitry 14 further includes conductors or 
circuit traces 22 on the substrate 12 connecting together the 
circuit components 16. The circuit traces 22 are typically 
copper if the substrate 12 is a printed circuit board, and are 
typically copper or Printed Thick Film (PTF) in a ?eX 
circuit. Printed Thick Film comprises a polymer ?lled With 
?ecks of metal such as silver or copper. The circuitry 14 
includes a ?rst or negative battery connection or terminal 23 
(see FIG. 3). In the illustrated embodiment, the negative 
battery connection 23 is de?ned by a plurality of radially 
spaced apart contact points Which provide an enhanced 
connection. In alternative embodiments a single, contiguous, 
or central contact point is provided. Other forms of battery 
connections, such as metal clip connections can be 
employed. The circuitry 14 further includes a second or 
positive battery connection or terminal 25 de?ned by the 
conductive traces. 

[0035] In an embodiment there the circuit components are 
used for communications, the circuit traces 22 connect at 
least one antenna to the integrated circuit 18 for electro 
magnetic transmission and reception. More particularly, in 
the illustrated embodiment, the integrated circuit 18 receives 
and sends microWave frequencies, and one of the circuit 
traces 22 de?nes a loop antenna 24 appropriately siZed to 
receive microWave transmissions of a selected frequency, 
and other traces 22 de?ne a dipole antenna 26 appropriately 
siZed for responding at a selected microWave frequency, 
such as by backscatter re?ection. 

[0036] The device 10 further includes a poWer source 28. 
In the illustrated embodiment, the poWer source 28 is a 
battery. In one embodiment, the battery is a thin pro?le or 
button-type cell forming a small, thin energy cell more 
commonly utiliZed in Watches and small electronic devices 
requiring a thin pro?le. Such battery cells have a pair of 
terminals or electrodes: a lid or negative terminal, and a can 
or positive terminal. In an alternative embodiment, multiple 
batteries are provided (e.g., coupled together in series or 
parallel). 
[0037] The device 10 can be included in any appropriate 
housing or packaging. Various methods of manufacturing 
housings are described in commonly assigned US. patent 
application Ser. No. 08/800,037, ?led Feb. 13, 1997, incor 
porated herein by reference. In the illustrated embodiment, 
the device 10 includes a housing de?ned in part by the 
substrate. 

[0038] A method of manufacturing the device 10 Will noW 
be described, reference being made to FIGS. 2-9. 

[0039] As shoWn in FIG. 2, the substrate 12 is provided. 
The term “substrate” as used herein refers to any supporting 
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or supportive structure, including, but not limited to, a 
supportive single layer of material or multiple layer con 
structions. In the illustrated ?ex circuit embodiment, the 
substrate 12 comprises a polyester ?lm. Other materials are 
possible. As discussed above, the substrate can be a printed 
circuit board. 

[0040] The circuit traces 22 are then de?ned, as shoWn in 
FIG. 3. The circuit traces 22 are typically copper if the 
substrate 12 is a printed circuit board, and are typically 
copper or Printed Thick Film (PTF) in a ?ex circuit. In one 
embodiment, PTF is formed or applied over the substrate 12 
to de?ne the circuit traces 22. The circuit traces 22 inter 
connect the circuit components 16. The circuit traces 22 
de?ne, among other things, the ?rst or negative battery 
connection 23 and the second or positive battery connection 
25. 

[0041] One manner of forming or applying the conductive 
ink on the substrate is to screen print the ink on the substrate 
through conventional screen printing techniques. 

[0042] A gap 30 is provided along a trace 22 or spaced 
apart portions are de?ned in the traces Which cause an open 
circuit unless they are electrically coupled together. After the 
battery and integrated circuit are coupled to the traces 22, a 
complete circuit Would be formed, including the circuit 
traces, the integrated circuit 16 (see FIG. 1), and the battery, 
but for the gap. The siZe of the gap is approximately 30 mils 
(thousandths of an inch). In one embodiment, the siZe of the 
gap is 30 mils or less. In another embodiment, the siZe of the 
gap is betWeen 10 and 50 mils. In a more particular 
embodiment, the siZe of the gap is betWeen 20 and 40 mils. 
In another embodiment, the siZe of the gap is suf?ciently 
small that it can be bridged by a drop of conductive epoxy. 

[0043] Conductive epoxy 32 is applied over desired areas 
(e.g., under the battery, under the integrated circuit, etc.) 
using a stencil printer to assist in material application, as 
shoWn in FIG. 4. The conductive epoxy is used to assist in 
component attachment. The battery 28 is provided and 
mounted on the substrate 12 using the conductive epoxy on 
the connection 23 to secure the battery 28 to the substrate 12, 
as shoWn in FIG. 5. 

[0044] In the illustrated embodiment, the battery 28 is 
placed lid doWn such that the conductive epoxy makes 
electrical contact betWeen the negative terminal of the 
battery and at least a portion of the ?rst battery connection 
23 that extends underneath the lid of the battery in the vieW 
shoWn in FIG. 1. 

[0045] Conductive epoxy is dispensed relative to the bat 
tery perimetral edge using a syringe dispenser, after the 
battery 28 is mounted. The conductive epoxy electrically 
connects the perimetral edge of the battery 28 With an 
adjacent arcuate portion of the second battery connection 25. 
In the illustrated embodiment, the perimetral edge de?nes 
the can of the battery, such that the conductive epoxy 
connects the positive terminal of the battery to the battery 
connection terminal 25. 

[0046] The integrated circuit 18 is provided and mounted 
on the substrate 12 using the conductive epoxy (e.g., picked 
and placed using surface mounting techniques), to produce 
the device shoWn in FIG. 6. An exemplary and preferred 
integrated circuitry is described in Us. patent application 
Ser. No. 08/705,043 incorporated by reference above. The 
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integrated circuit 18 has pins, and the pins are coupled to 
appropriate conductive traces (e.g., using conductive epoxy) 
for connection of the integrated circuit 18 to the battery 28. 
If the integrated circuit 18 is used for communications, as is 
the case for the illustrated embodiment, pins of the inte 
grated circuit 18 are coupled to conductive traces 22 de?n 
ing one or more antennas 24 and 26. In the illustrated 
embodiment, the integrated circuit 18 de?nes a Wireless 
identi?cation device including a receiver, a modulator, a 
microprocessor and a memory. The receiver receives micro 
Wave frequencies and the modulator is a backscatter modu 
lator. The capacitor 20 is similarly provided and mounted. 

[0047] The integrated circuit 18, capacitor 20 and battery 
28 can be provided and mounted to the substrate 12 in any 
order, or can occur simultaneously. 

[0048] In circuit testing is then performed to verify the 
electrical connections. 

[0049] After the in-circuit testing is performed to verify 
the electrical connections, a jumper 34 is employed to 
electrically close or repair the gap 30 (see FIG. 3) and 
complete the circuit de?ned by the circuitry 14, shoWn in 
FIG. 1. In one embodiment, shoWn in FIG. 1 employing a 
jumper 34 comprises employing conductive epoxy 36. More 
particularly, employing a jumper 34 comprises dispensing 
conductive epoxy 36 over the gap 30. In one embodiment, 
employing a jumper 34 comprises dispensing conductive 
epoxy having a resistance of less than 1000 ohms Within, for 
example, 500 milliseconds (or less) of being dispensed. In a 
more particular embodiment, the conductive epoxy has a 
resistance of less than 1000 ohms Within 200 milliseconds of 
being dispensed. One exemplary conductive epoxy that 
could by used is Quick Connect Silver, EXPFDA-4118-D/ 
4107 produced by International Micro Electronics Research 
Corporation, 8010 Dearborne Rd., Nampa, Id. 83686. This 
is in contrast to the conductive epoxy used to connect the 
battery 28 to the circuit traces 22. The conductive epoxy 32 
used to connect the battery to the circuit traces 22 is typically 
isotropic conductive epoxy that has a loW and unstable 
conductivity until partially cured. This epoxy 22 performs 
dual functions of forming electrical connections and 
mechanically supporting the battery 28 from the substrate 
12. If the gap 30 is not employed, this sloW curing may not 
alloW the circuitry 14 to poWer up properly. For example, the 
integrated circuit 18 may lock up. 

[0050] Previously, the battery 28 Was not connected until 
the in circuit testing Was completed. Then, the battery 28 
Was connected and another in circuit test Would have to be 
performed to test the battery connections. Also, a reboot of 
the circuitry 14 had to be performed because conductive 
epoxy used to connect the battery 28 to the integrated circuit 
18 does not have an uncured conductivity that is suf?ciently 
high. Provision of the gap 30 and a suf?ciently conductive 
material solves all these problems. 

[0051] In another embodiment, shoWn in FIG. 7, employ 
ing a jumper 34 comprises placing a conductor 38 across the 
gap 30 and coupling the conductor 38 to traces 40 and 42 on 
either side of the gap 30 With conductive epoxy 43 (e.g., 
conductive epoxy having a resistance of less than 1000 ohms 
Within 500 milliseconds of being dispensed) or by Wire 
bonding (ultrasonic bonding). In another embodiment, 
shoWn in FIG. 8, employing a jumper 34 comprises placing 
a resistor 44 across the gap 30 and coupling the resistor to 
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traces on either side of the gap 30 With conductive liquid 
such as conductive epoxy (e.g., conductive epoxy having a 
resistance of less than 1000 ohms Within 500 milliseconds of 
being dispensed). In such embodiments, the gap 30 Would 
typically be larger than 30 mils and may be, for example, a 
distance less than or approximating the length of a resistor. 

[0052] If a conductive epoxy is employed for the conduc 
tive liquid, the conductive epoxy is then cured. 

[0053] Subsequently (see FIG. 9), encapsulating epoxy 
material 46 is ?oWed or provided to encapsulate the sub 
strate 12, to cover the integrated circuit 18, battery 28, and 
conductive traces 22 and to de?ne a second housing portion. 

[0054] Thus, the invention alloWs in circuit testing to be 
performed after a battery has been electrically and mechani 
cally coupled using conductive epoxy. TWo step in circuit 
testing, before and after inserting a battery, is avoided. In 
circuit testing can be performed after the battery is supported 
from the housing by conductive epoxy. Lock up of circuitry 
is avoided because connecting the battery to the circuitry 
noW involves using only a small amount of conductive 
epoxy, that does not need to mechanically support the 
battery from the housing. Conductive epoxy used to 
mechanically support the battery from the housing and to 
electrically connect the battery to circuit traces is alloWed to 
cure before the gap is closed With conductive epoxy. The 
connection made betWeen the battery and the circuit traces, 
With conductive epoxy, can also be tested during the in 
circuit test. 

[0055] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
structural and methodical features. It is to be understood, 
hoWever, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1. A method of manufacturing and testing an electronic 
circuit, the method comprising: 

forming a plurality of conductive traces on a substrate and 
providing a gap in one of the conductive traces; 

attaching a circuit component to the substrate and cou 
pling the circuit component to at least one of the 
conductive traces; 

supporting a battery on the substrate, and coupling the 
battery to at least one of the conductive traces, Wherein 
a completed circuit Would be de?ned, including the 
traces, circuit component, and battery, but for the gap; 

verifying electrical connections by performing an in cir 
cuit test, after the circuit component is attached and the 
battery is supported; and 

employing a jumper to electrically close the gap, and 
complete the circuit, after verifying electrical connec 
tions. 

2. A method of manufacturing and testing an electronic 
circuit in accordance With claim 1 Wherein employing a 
jumper comprises employing conductive epoxy. 
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3. A method of manufacturing and testing an electronic 
circuit in accordance With claim 1 Wherein employing a 
jumper comprises dispensing conductive epoxy over the 
gap. 

4. A method of manufacturing and testing an electronic 
circuit in accordance With claim 3 Wherein employing a 
jumper comprises dispensing conductive epoxy having a 
resistance of less than 1000 ohms Within 500 milliseconds of 
being dispensed. 

5. A method of manufacturing and testing an electronic 
circuit in accordance With claim 1 Wherein employing a 
jumper comprises placing a conductor across the gap and 
coupling the conductor to traces on either side of the gap 
With conductive epoxy. 

6. A method of manufacturing and testing an electronic 
circuit in accordance With claim 1 Wherein employing a 
jumper comprises placing a resistor across the gap and 
coupling the resistor to traces on either side of the gap With 
conductive epoxy. 

7. A method of manufacturing and testing an electronic 
circuit in accordance With claim 1 Wherein the siZe of the 
gap is approximately 30 mils. 

8. A method of manufacturing and testing an electronic 
circuit, the method comprising: 

forming ?rst and second traces on a substrate such that the 
?rst trace has a ?rst portion and the second trace has a 
second portion spaced apart from the ?rst portion; 

attaching a circuit component to the substrate and cou 
pling the circuit component to at least one of the 
conductive traces; 

supporting a battery on the substrate, and coupling the 
battery to at least one of the conductive traces, Wherein 
a complete circuit Would be de?ned including the 
traces, circuit component, and battery, if the ?rst por 
tion Was coupled to the second portion; 

verifying electrical connections betWeen the traces and 
the circuit component, and betWeen the traces and the 
battery, after the circuit component is attached and the 
battery is supported; and 

coupling the ?rst portion to the second portion to com 
plete the circuit after verifying electrical connections. 

9. A method of manufacturing and testing an electronic 
circuit in accordance With claim 8 Wherein the battery is 
mechanically supported from the substrate by epoxy. 

10. A method of manufacturing and testing an electronic 
circuit in accordance With claim 8 Wherein the battery is 
electrically coupled to at least one of the traces by conduc 
tive epoxy. 

11. A method of manufacturing and testing an electronic 
circuit in accordance With claim 8 Wherein the distance 
betWeen the ?rst and second portions is equal to or less than 
30 mils. 

12. A method of manufacturing and testing an electronic 
circuit in accordance With claim 8 Wherein attaching a 
circuit component to the substrate comprises attaching an 
integrated circuit to the substrate. 

13. A method of manufacturing and testing an electronic 
circuit, the method comprising: 

forming ?rst and second traces on a substrate such that the 
?rst trace has a ?rst portion and the second trace has a 
second portion spaced apart from the ?rst portion; 
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attaching a circuit component to the substrate and cou 
pling the circuit component to at least one of the 
conductive traces; 

supporting a battery on the substrate, and coupling the 
battery to at least one of the conductive traces, Wherein 
a completed circuit Would be de?ned including the 
traces, circuit component, and battery, if the ?rst por 
tion Was coupled to the second portion; 

verifying electrical connections by performing an in cir 
cuit test, after the circuit component is attached and the 
battery is supported; and 

coupling the ?rst portion to the second portion using 
conductive epoxy to complete the circuit after verifying 
electrical connections. 

14. A method of manufacturing and testing an electronic 
circuit in accordance With claim 13 Wherein the ?rst portion 
is spaced apart from the second portion by a distance that is 
sufficiently small so as to be capable of being bridged by a 
drop of conductive epoxy. 

15. A method of manufacturing and testing an electronic 
circuit in accordance With claim 13 Wherein the ?rst portion 
is spaced apart from the second portion by a distance that is 
sufficiently small so as to be capable of being bridged by a 
drop of conductive epoxy, and Wherein coupling the ?rst 
portion to the second portion comprises dispensing a drop of 
conductive epoxy to bridge the distance from the ?rst 
portion to the second portion. 

16. A method of manufacturing and testing an electronic 
circuit in accordance With claim 13 Wherein the ?rst portion 
is spaced apart from the second portion by a distance that is 
sufficiently small so as to be capable of being bridged by a 
drop of conductive epoxy having a resistance of less than 
1000 ohms Within 500 milliseconds of being dispensed. 

17. A method of manufacturing and testing an electronic 
circuit in accordance With claim 13 Wherein coupling the 
?rst portion to the second portion comprises placing con 
ductive epoxy on the ?rst and second portions and placing 
a conductor betWeen the conductive epoxy on the ?rst and 
second portions. 

18. A method of manufacturing and testing an electronic 
circuit in accordance With claim 13 Wherein coupling the 
?rst portion to the second portion comprises placing con 
ductive epoxy on the ?rst and second portions and placing 
a resistor betWeen the conductive epoxy on the ?rst and 
second portions. 

19. A method of manufacturing and testing an electronic 
circuit in accordance With claim 13 Wherein the battery is 
mechanically coupled to the substrate by epoxy. 

20. A method of manufacturing and testing an electronic 
circuit, the method comprising: 

forming ?rst and second traces on a substrate such that the 
?rst trace has a ?rst portion and the second trace has a 
second portion spaced apart from the ?rst portion; 

attaching an integrated circuit to the substrate and cou 
pling the integrated circuit to at least one of the 
conductive traces, the integrated circuit de?ning a 
Wireless identi?cation device and including a receiver, 
a modulator, a microprocessor and a memory; 

both supporting a battery on the substrate and coupling 
the battery to at least one of the conductive traces using 
conductive epoxy, Wherein a completed circuit Would 
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be de?ned including the traces, circuit component, and 
battery, if the ?rst portion Was coupled to the second 
portion; 

verifying electrical connections by performing an in cir 
cuit test, after the circuit component is attached and the 
battery is supported; and 

coupling the ?rst portion to the second portion using 
conductive epoxy to complete the circuit after verifying 
electrical connections. 

21. A method of manufacturing and testing an electronic 
circuit in accordance With claim 20 Wherein the ?rst and 
second portions are spaced apart by approximately 30 mils. 

22. An electronic circuit comprising: 

a substrate; 

a plurality of conductive traces on the substrate, With a 
gap in one of the conductive traces; 

a circuit component attached to the substrate and coupled 
to at least one of the conductive traces; 

a battery supported on the substrate and coupled to at least 
one of the conductive traces, Wherein a completed 
circuit Would be de?ned, including the traces, circuit 
component, and battery, but for the gap; and 

a jumper electrically closing the gap and completing the 
circuit, the jumper comprising conductive epoxy. 

23. An electronic circuit in accordance With claim 22 
Wherein the jumper comprises conductive epoxy having a 
resistance of less than 1000 ohms prior to curing. 

24. An electronic circuit in accordance With claim 22 
Wherein the jumper comprises a conductor across the gap 
and Wherein the conductive epoxy couples the conductor to 
the conductive traces on either side of the gap. 

25. An electronic circuit in accordance With claim 22 
Wherein the jumper comprises a resistor across the gap and 
Wherein the conductive epoxy couples the resistor to the 
conductive traces on either side of the gap. 

26. An electronic circuit in accordance With claim 22 
Wherein the siZe of the gap is approximately 30 thousandths 
of an inch. 

27. An electronic circuit comprising: 

a substrate; 

?rst and second conductive traces on the substrate, the 
?rst trace having a ?rst portion and the second trace 
having a second portion spaced apart from the ?rst 
portion; 

a circuit component attached to the substrate and coupled 
to at least one of the conductive traces; 

a battery supported on the substrate and coupled to at least 
one of the conductive traces, Wherein a completed 
circuit Would be de?ned, including the traces, circuit 
component, and battery, if the ?rst portion Was coupled 
to the second portion; and 

a jumper electrically closing the gap and completing the 
circuit, the jumper comprising conductive epoxy. 

28. An electronic circuit in accordance With claim 27 
Wherein the battery is mechanically supported from the 
substrate by epoxy. 
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29. An electronic circuit in accordance With claim 27 
Wherein the battery is electrically coupled to one of the 
conductive traces by conductive epoxy. 

30. An electronic circuit in accordance With claim 27 
Wherein the distance betWeen the ?rst and second portions is 
equal to or less than 30 mils. 

31. An electronic circuit in accordance With claim 27 
Wherein the circuit component comprises an integrated 
circuit. 

32. An electronic circuit comprising: 

a substrate; 

?rst and second conductive traces on the substrate, the 
?rst trace having a ?rst portion and the second trace 
having a second portion spaced apart from the ?rst 
portion; 

a circuit component attached to the substrate and coupled 
to at least one of the conductive traces; 

a battery supported on the substrate and coupled to at least 
one of the conductive traces, Wherein a completed 
circuit Would be de?ned, including the traces, circuit 
component, and battery, if the ?rst portion Was coupled 
to the second portion; 

conductive epoXy at least in part supporting the battery 
from the substrate; and 

a jumper electrically closing the gap and completing the 
circuit, the jumper comprising conductive epoXy. 

33. An electronic circuit in accordance With claim 32 
Wherein the ?rst portion is spaced apart from the second 
portion by a distance that is suf?ciently small so as to be 
capable of being bridged by a drop of conductive epoXy. 

34. An electronic circuit in accordance With claim 32 
Wherein the ?rst portion is spaced apart from the second 
portion by 30 mils or less. 

35. An electronic circuit in accordance With claim 32 
Wherein the ?rst portion is spaced apart from the second 
portion by a distance that is suf?ciently small so as to be 
capable of being bridged by a drop of conductive epoXy 
having a resistance of less than 1000 ohms Within 500 
milliseconds of being dispensed. 
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36. An electronic circuit in accordance With claim 32 
Wherein the conductive epoXy is on the ?rst and second 
portions and Wherein the jumper further comprises a metal 
conductor betWeen the conductive epoXy on the ?rst and 
second portions. 

37. An electronic circuit in accordance With claim 32 
Wherein the conductive epoXy is on the ?rst and second 
portions and Wherein the jumper further comprises a resistor 
betWeen the conductive epoXy on the ?rst and second 
portions. 

38. An electronic circuit in accordance With claim 32 
Wherein the battery is electrically coupled to at least one of 
the traces by the conductive epoXy. 

39. An electronic circuit comprising: 

a substrate; 

?rst and second conductive traces on the substrate, the 
?rst trace having a ?rst portion and the second trace 
having a second portion spaced apart from the ?rst 
portion; 

an integrated circuit attached to the substrate and coupled 
to at least one of the conductive traces, the integrated 
circuit de?ning a Wireless identi?cation device and 
including a receiver, a modulator, a microprocessor and 
a memory; 

a battery supported on the substrate and coupled to at least 
one of the conductive traces, Wherein a completed 
circuit Would be de?ned, including the traces, circuit 
component, and battery, if the ?rst portion Was coupled 
to the second portion; 

conductive epoXy at least in part supporting the battery 
from the substrate and coupling the battery to the at 
least one conductive trace; and 

a jumper electrically closing the gap and completing the 
circuit, the jumper comprising conductive epoXy. 

40. An electronic circuit in accordance With claim 39 
Wherein the receiver receives microWave frequencies. 

41. An electronic circuit in accordance With claim 39 
Wherein the modulator is a backscatter modulator. 

* * * * * 


