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K74 

A curable adhesive composition is provided which comprises 
an epoxy terminated silane. A thin pro?le battery and a sub 
strate to which the thin pro?le battery is to be conductively 
connected are also provided. The curable adhesive composi 
tion is interposed between the thin pro?le battery and the 
substrate. It is cured into an electrically conductive bond 
electrically interconnecting the battery and the substrate. In 
another aspect, the invention includes a method of conduc 
tively interconnecting electronic components using a curable 
adhesive composition which comprises an epoxy terminated 
silane. The invention in another aspect includes interposing a 
curable epoxy composition between ?rst and second electri 
cally conductive components to be electrically intercon 
nected. At least one of the components comprises a metal 
surface with which the curable epoxy is to electrically con 
nect. The epoxy is cured into an electrically conductive bond 
electrically interconnecting the ?rst and second components. 
The epoxy has an effective metal surface wetting concentra 
tion of silane to form a cured electrical interconnection hav 
ing a resistance through said metal surface of less than or 
equal to about 0.3 ohm-cm2. In another aspect, a battery 
powerable apparatus includes a conductive adhesive mass 
comprising an epoxy terminated silane between a battery and 
substrate. A radio frequency communication device is one 
example. In another aspect, the invention includes an electric 
circuit comprising ?rst and second electric components elec 
trically connected with one another through a conductive 
adhesive mass comprising an epoxy terminated silane. 
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THIN PROFILE BATTERY BONDING 
METHOD, METHOD OF CONDUCTIVELY 
INTERCONNECTING ELECTRONIC 

COMPONENTS, BATTERY POWERABLE 
APPARATUS, RADIO FREQUENCY 
COMMUNICATION DEVICE, AND 

ELECTRIC CIRCUIT 

TECHNICAL FIELD 

[0001] This invention relates to thin pro?le battery bonding 
methods, to methods of conductively interconnecting elec 
tronic components, to battery poWerable apparatus, to radio 
frequency communication devices, and to electric circuits. 

BACKGROUND OF THE INVENTION 

[0002] Thin pro?le batteries comprise batteries that have 
thickness dimensions Which are less than a maximum linear 
dimension of its anode or cathode. One type of thin pro?le 
battery is a button type battery. Such batteries, because of 
their compact siZe, permit electronic devices to be built Which 
are very small or compact. 
[0003] One mechanism by Which thin pro?le batteries are 
electrically connected With other circuits or components is 
With electrically conductive adhesive, such as epoxy. Yet in 
some applications, a suitably conductive bond or intercon 
nection is not created in spite of the highly conductive nature 
of the conductive epoxy, the outer battery surface, and the 
substrate surface to Which the battery is being connected. This 
invention arose out of concerns associated With providing 
improved conductive adhesive interconnections betWeen thin 
pro?le batteries and conductive nodes formed on substrate 
surfaces. The invention has other applicability as Will be 
appreciated by the artisan. With the invention only being 
limited by the accompanying claims appropriately inter 
preted in accordance With the Doctrine of Equivalents. 

SUMMARY OF THE INVENTION 

[0004] The invention in one aspect includes a thin pro?le 
battery bonding method. In one implementation, a curable 
adhesive composition is provided Which comprises an epoxy 
terminated silane. A thin pro?le battery and a substrate to 
Which the thin pro?le battery is to be conductively connected 
are also provided, The curable adhesive composition is inter 
posed betWeen the thin pro?le battery and the substrate. It is 
cured into an electrically conductive bond electrically inter 
connecting the battery and the substrate. 
[0005] The invention in another aspect includes a method 
of conductively interconnecting electronic components. In 
one implementation, a curable adhesive composition com 
prising an epoxy terminated silane is provided. First and 
second electronic components to be conductively connected 
With one another are provided. The curable adhesive compo 
sition is interposed betWeen the ?rst and second electronic 
components. The adhesive is cured into an electrically con 
ductive bond electrically interconnecting the ?rst and second 
components. 
[0006] The invention in still another aspect includes inter 
posing a curable epoxy composition betWeen ?rst and second 
electrically conductive components to be electrically inter 
connected. At least one of the components comprises a metal 
surface With Which the curable epoxy is to electrically con 
nect. The epoxy is cured into an electrically conductive bond 
electrically interconnecting the ?rst and second components. 
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The epoxy has an effective metal surface Wetting concentra 
tion of silane to form a cured electrical interconnection hav 
ing a contact resistance through said metal surface of less than 
or equal to about 0.3 ohm-cm2. 
[0007] The invention in a further aspect includes a battery 
poWerable apparatus. In one implementation, such includes a 
substrate having a surface comprising at least one node loca 
tion. A thin pro?le battery is mounted over the substrate and 
node location. A conductive adhesive mass electrically inter 
connects the thin pro?le battery With the node location, With 
the conductive adhesive mass comprising an epoxy termi 
nated silane. 
[0008] The invention in still a further aspect includes a 
radio frequency communication device. In one implementa 
tion, such includes a substrate having conductive paths 
including an antenna. At least one integrated circuit chip is 
mounted to the substrate and in electrical connection With a 
?rst portion of the substrate conductive paths. A thin pro?le 
battery is conductively bonded With a second portion of the 
substrate conductive paths by a conductive adhesive mass, 
With the conductive adhesive mass comprising an epoxy ter 
minated silane. 
[0009] The invention in still another aspect includes an 
electric circuit comprising ?rst and second electric compo 
nents electrically connected With one another through a con 
ductive adhesive mass comprising an epoxy terminated 
silane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompany 
ing draWings. 
[0011] FIG. 1 is a side elevational, partial cross sectional, 
vieW of a thin pro?le battery. 
[0012] FIG. 2 is a side elevational vieW of a substrate. 
[0013] FIG. 3 is a side elevational vieW of a battery poWer 
able apparatus. 
[0014] FIG. 4 is a diagrammatic plan vieW of a radio fre 
quency communication device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] This disclosure of the invention is submitted in fur 
therance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 
[0016] Referring to FIG. 1, a single thin-pro?le battery is 
indicated generally With reference numeral 10. In the context 
of this document, “thin-pro?le battery” is intended to de?ne 
any battery having a thickness dimension Which is less than a 
maximum linear dimension of its anode or cathode. The pre 
ferred and illustrated battery 10 comprises a circular button 
type battery. Such comprises a lid terminal housing member 
14 and a can terminal housing member 12. Can 12 is crimped 
about lid 14, having an insulative sealing gasket 16 interposed 
therebetWeen. In the illustrated example, gasket 16 projects 
outWardly slightly relative to the crimp as shoWn. 
[0017] FIG. 2 illustrates a substrate 22 to Which thin-pro?le 
battery 10 is to be conductively connected. Substrate 22 
includes an outer surface 23 having one node location 24 and 
another node location 25 to Which battery electrical connec 
tion is desired. Substrate 22, for example, can comprise a 
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?exible circuit substrate, wherein nodes 24 and 25 comprise 
printed thick ?lm ink formed on surface 23. 

[0018] Referring to FIG. 3, a curable adhesive composition 
or mass 26 comprising an epoxy-terminated silane is inter 
posed betWeen lid 14 of thin pro?le battery 10 and substrate 
22 over node location 25. Further, a curable adhesive compo 
sition or mass 32 comprising an epoxy-terminated silane is 
interposed betWeen can 12 of thin-pro?le battery 10 and node 
location 24 on substrate 22. The preferred curable adhesive 
composition comprises a tWo-part epoxy resin and hardener 
system, Wherein the preferred epoxy-terminated silane com 
prises a glycidoxy methoxy silane, such as a glycidox 
yproplytrimethoxysilane, With 3-glycidoxyproplytrimethox 
ysilane being a speci?c example. The epoxy-terminated 
silane is preferably present in the curable adhesive composi 
tion at less than or equal to about 2% by Weight, With less than 
or equal to about 1% by Weight being even more preferred. 
[0019] One example 3 -glycidoxyproplytrimethoxysilane is 
available from DoW Corning Corporation of Midland, Mich., 
as Z-6040TM, Silane. An example resin and hardener system 
for a conductive epoxy is available from Creative Materials, 
Inc., of Tyngsboro, Mass., as Part Nos. CMI 116-37ATM and 
CMIB-187, respectively. In a preferred example, from 0.5 to 
2.0 Weight parts of Z-6040 silane is combined With 100 
Weight parts of the CMI 116-37ATM silver epoxy resin. A 
preferred concentration of the Z-6040TM is 1 Weight part With 
100 Weight parts of epoxy resin. Such a solution is thoroughly 
mixed and to combined With, for example, 3 Weight parts of 
the CMIB-187TM hardener, With the resultant mixture being 
further suitably mixed to form composition 26. 
[0020] The composition is applied to one or both of battery 
10 or substrate 22, and provided as shoWn in FIG. 3. An 
example siZe for conductive mass 26 is a substantially circu 
lar dot having a diameter of about 0.080 inch (0.2032 cm) and 
a thickness of about 0.002 inch (0.00508 cm). Resistance of a 
fully cured mass 26 Was measured With an ohmmeter from the 
top of the mass to the substrate surface, Which comprised a 
nickel-clad stainless steel Eveready CR2016TM button-type 
battery can. Typical measured resistance Where no epoxy 
terminated silane or other additive Was utiliZed ranged from 
10 ohms to 100 ohms, With in some instances resistance being 
as high as 1000 ohms. These correspond to respective calcu 
lated contact resistances ranging from about 0.32 ohm-cm2 to 
3.24 ohms-cm2, With as high as 32.43 ohms-cm2, When ignor 
ing the volume resistances of the epoxy mass and substrate. At 
the time of preparation of this document, 10 ohms (and its 
associated calculated contact resistance of 0.32 ohm-cm2) is 
considered high and unacceptable for purposes and applica 
tions of the assignee, such as Will be described With reference 
to FIG. 4. Yet Where the epoxy-terminated silane Was added, 
for example at a Weight percent of 2% or less, the typical 
resistance value and range dropped signi?cantly to 0.1 ohm to 
1.0 ohm, With 0.2 ohm being typical. These correspond to 
respective contact resistances of about 0.0032 ohm-cm2, 
0.032 ohm-cm2, and 0.0064 ohm-cm2. 
[0021] It is perceived that the prior art conductive bonding 
Without the epoxy-terminated silane results from poor Wet 
ting characteristics of the conductive epoxy With the metal 
outer surface of the button-type battery, Which typically com 
prises a nickel-clad stainless steel. The epoxy-terminated 
silane signi?cantly improves the Wetting characteristics rela 
tive to the metal surfaces, such as nickel-clad stainless steel, 
in a conductive epoxy system in a manner Which is not under 
stood to have been reported or knoWn in the prior art. Accord 
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ingly in accordance With another aspect of the invention, a 
thin-pro?le battery bonding method interposes epoxy 
betWeen a battery and substrate With at least one of such 
having a metal surface to Which the curable epoxy is to 
electrically connect. The epoxy has an effective metal surface 
Wetting concentration of silane to form a cured electrical 
interconnection having a contact resistance through said 
metal surface of less than or equal to about 0.30 ohm-cm2. 
More preferred, the epoxy has an effective metal surface 
Wetting concentration of silane to form a cured electrical 
interconnection have a contact resistance through said metal 
surface of less than or equal to about 0.16 ohm-cm2. Most 
preferred, such concentration provides a contact resistance of 
less than or equal to about 0.032 ohm-cm2. 

[0022] The curable adhesive composition is then cured into 
an electrically conductive bond Which electrically intercon 
nects the battery and substrate as shoWn in FIG. 3. In the 
preferred embodiment, such electrically conductive bond 
also is the sole physical support and connection of the battery 
and its terminals relative to substrate 22. 

[0023] Although the invention Was reduced to practice uti 
liZing formation of a conductive interconnection betWeen a 
metal battery terminal and a printed thick ?lm on a substrate, 
the invention has applicability in methods and constructions 
of producing an electric circuit comprising other ?rst and 
second electric components Which electrically connect With 
one another through a conductive adhesive mass comprising, 
in a preferred embodiment, an epoxy-terminated silane. 
[0024] FIG. 3 depicts an exemplary battery poWerable 
apparatus and electric circuit 30 in accordance With an aspect 
of the invention. In one preferred implementation, battery 
poWerable apparatus 30 preferably comprises a radio fre 
quency communication device 50 as exempli?ed in FIG. 4. In 
such example, substrate 22 preferably comprises a ?exible 
circuit substrate, With nodes 25 and 24 constituting a portion 
of a series of conductive paths formed of printed thick ?lm ink 
on surface 23 of ?exible substrate 22. Such conductive paths 
includes antenna portions 54. At least one, and preferably 
only one, integrated circuit chip 52 is mounted relative to 
substrate 22 and in electrical connection With a ?rst portion of 
the substrate conductive paths. Mounting is preferably With 
electrically conductive epoxy such as described above. Adhe 
sive mass 26 electrically connects lid 14 of thin pro?le battery 
10 With a second portion of the substrate conductive paths. In 
this example, such second portion comprises a series of 
printed thick ?lm nodes 25. Conductive adhesive mass 32 
electrically connects With a third portion of the substrate 
conductive paths, Which in this example comprises node 24 in 
the shape of an arc. 

[0025] An exemplary single integrated circuit chip is 
described in US. patent application Ser. No. 08/705,043, 
Which names James O’Toole, John R. Tuttle, Mark E. Tuttle, 
Tyler LoWery, Kevin Devereaux, George Pax, Brian Higgins, 
Shu-Sun Yu, David Ovard, and Robert RotZoll as inventors, 
Which Was ?led on Aug. 29, 1996, and is assigned to the 
assignee of this patent application. The entire assembly 50 
preferably is encapsulated in and comprises an insulative 
epoxy encapsulant material. Example constructions and 
methods for providing the same are described in a) US. 
patent application entitled “Battery Mounting Apparatuses, 
Electronic Devices, And Methods Of Forming Electrical 
Connections”, Which names Ross S. Dando, Rickie C. Lake, 
and Krishna Kumar as inventors, and Was ?led on , 
and b) US. patent application entitled “Battery Mounting 
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And Testing Apparatuses, Methods Of Forming Battery 
Mounting And Testing Apparatuses, Battery-Powered Test 
Con?gured Electronic Devices, And Methods Of Forming 
Battery-Powered Test-Con?gured Electronic a Devices”, 
Which names Scott T. Tro sper as inventor, and Which Was ?led 
on , both of Which are assigned to the assignee of this 
patent application. Each of the above three referenced patent 
applications is fully incorporated herein by reference. 
Although this disclosure shoWs a single battery 10 mounted to 
substrate 22 for clarity and ease of description, multiple but 
ton type batteries stacked in series are preferably utiliZed as is 
collectively disclosed in the incorporated disclosures. 
[0026] In compliance With the statute, the invention has 
been described in language more or less speci?c as to struc 
tural 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 disclosed 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. 

1-50. (canceled) 
51. A radio frequency identi?cation (RFID) tag compris 

ing: 
an antenna; 
circuitry electrically coupled to the antenna; and 
a battery electrically coupled to the circuitry, the battery 

having a thickness less than a maximum linear dimen 
sion of a cathode and an anode of the battery, Wherein the 
battery is electrically coupled to the circuitry at least in 
part by a conductive adhesive comprising an epoxy ter 
minated silane. 

52. The RFID tag of claim 51, Wherein the circuitry 
includes at least one integrated circuit. 

53. The RFID tag of claim 51, Wherein the battery com 
prises a thin-pro?le battery. 

54. The RFID tag of claim 51, Wherein the antenna, cir 
cuitry, and battery are mounted on a ?exible substrate. 

55. The RFID tag of claim 51, Wherein the epoxy termi 
nated silane comprises a glycidoxy methoxy silane. 

56. The RFID tag of claim 51, Wherein the epoxy termi 
nated silane comprises a glycidoxyproplytrimethoxysilane. 

57. The RFID tag of claim 51, Wherein the epoxy termi 
nated silane is present in the conductive adhesive at less than 
or equal to about 2% by Weight. 

58. The RFID tag of claim 51, Wherein the epoxy termi 
nated silane is present in the conductive adhesive at less than 
or equal to about 1% by Weight. 

59. The RFID tag of claim 51, Wherein the battery com 
prises an outer nickel clad stainless steel surface over Which 
the conductive adhesive is received. 

60. The RFID tag of claim 51, Wherein the battery is a 
button type battery having a terminal comprising an outer 
nickel clad stainless steel surface over Which the conductive 
adhesive is received. 

61. The RFID tag of claim 51, Wherein the battery is a 
button type battery having a terminal comprising an outer 
nickel clad stainless steel surface over Which the conductive 
adhesive is received, and further comprising a substrate com 
prising conductive printed ink over Which the conductive 
adhesive is received. 

62. A radio frequency identi?cation (RFID) tag compris 
ing: 
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a ?exible substrate; 
circuitry on the ?exible substrate; 
an antenna on the ?exible substrate and electrically 

coupled to the circuitry; and 
a poWer source electrically coupled to the circuitry at least 

in part by a conductive adhesive comprising an epoxy 
terminated silane, the poWer source having a thickness 
less than a maximum linear dimension of an anode or a 
cathode of the poWer source. 

63. The RFID tag of claim 62, Wherein the circuitry 
includes an integrated circuit. 

64. The RFID tag of claim 62, Wherein the epoxy termi 
nated silane comprises a glycidoxy methoxy silane. 

65. The RFID tag of claim 62, Wherein the epoxy termi 
nated silane comprises a glycidoxyproplytrimethoxysilane. 

66. The RFID tag of claim 62, Wherein the epoxy termi 
nated silane is present in the conductive adhesive at less than 
or equal to about 2% by Weight. 

67. The RFID tag of claim 62, Wherein the epoxy termi 
nated silane is present in the conductive adhesive at less than 
or equal to about 1% by Weight. 

68. The RFID tag of claim 62, Wherein the poWer source 
comprises a thin pro?le battery. 

69. The RFID tag of claim 68, Wherein the thin pro?le 
battery comprises an outer nickel clad stainless steel surface 
over Which the conductive adhesive is received. 

70. The RFID tag of claim 68, Wherein the thin pro?le 
battery is a button type battery having a terminal comprising 
an outer nickel clad stainless steel surface over Which the 
conductive adhesive is received. 

71. The RFID tag of claim 68, Wherein the thin pro?le 
battery is a button type battery having a terminal comprising 
an outer nickel clad stainless steel surface over Which the 
conductive adhesive is received, and the ?exible substrate 
comprises conductive printed ink over Which the conductive 
adhesive is received. 

72. A method of forming a radio frequency identi?cation 
(RFID) tag, the method comprising: 

providing a substrate having circuitry and an antenna 
thereon; 

electrically coupling a poWer source to the circuitry, the 
poWer source having a thickness less than a maximum 
linear dimension of an anode or a cathode of the poWer 
source, Wherein the electrically coupling is performed at 
least in part by a?ixing the poWer source to the substrate 
With a conductive adhesive comprising an epoxy termi 
nated silane. 

73. The method of claim 72, Wherein the circuitry includes 
an integrated circuit. 

74. The method of claim 72, Wherein the substrate is a 
?exible substrate. 

75. The method of claim 72, Wherein the epoxy terminated 
silane comprises a glycidoxy methoxy silane. 

76. The method of claim 72, Wherein the epoxy terminated 
silane comprises a glycidoxyproplytrimethoxysilane. 

77. The method of claim 72, Wherein the epoxy terminated 
silane is present in the conductive adhesive at less than or 
equal to about 2% by Weight. 

78. The method of claim 72, Wherein the epoxy terminated 
silane is present in the conductive adhesive at less than or 
equal to about 1% by Weight. 

79. The method of claim 72, Wherein the poWer source 
comprises a thin pro?le battery. 
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80. The method of claim 79, wherein the thin pro?le battery 
comprises an outer nickel clad stainless steel surface over 
Which the conductive adhesive is received. 

81. The method of claim 79, Wherein the thin pro?le battery 
is a button type battery having a terminal comprising an outer 
nickel clad stainless steel surface over Which the conductive 
adhesive is received. 
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82. The method of claim 79, Wherein the thin pro?le battery 
is a button type battery having a terminal comprising an outer 
nickel clad stainless steel surface over Which the conductive 
adhesive is received, and the substrate comprises conductive 
printed ink over Which the conductive adhesive is received. 

* * * * * 


