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U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
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Application Data Sheet 37 CFR 1.76
Application Number 

Title of Invention BUTTON CELLS AND METHOD FOR PRODUCING SAME   
The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2

|:| Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

 

  
Applicant Information:

Applicant 1

Applicant Authority ©Inventor OLegal Representative under 35 U.S.C. 117 OParty of Interest under 35 U.S.C. 118

 

 

   

Prefix Given Name Middle Name Family Name Suffix

Residence Information (Select One) 0 US Residency 6) Non US Residency 0 Active US Military Service

Citizenship under 37 CFR 1.41(b)i DE

Mailing Address of Applicant: 
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Postal Code
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Applicant Authority @Inventor ‘ OLegal Representative under 35 U.S.C. 117 ‘OParty of Interest under 35 U.S.C. 118
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Application Number 
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Address 2

 

 

Ellwangen State]Province
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Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).  

  An Address is being provided for the correspondence Information of this application.
  
Customer Number 35811

Email Address pto.phil@dlapiper_com I

 

  
Application Information:

Title of the Invention BUTTON CELLS AND METHOD FOR PRODUCING SAME

Attorney Docket Number RUF-11-1270 Small Entity Status Claimed |:|
 

Application Type Nonprovisional

Subject Matter Utility

 

  
Suggested Class (if any) I Sub Class (if any)| 

Suggested Technology Center (if any)
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Application Data Sheet 37 CFR 1.76
Application Number 

Title of Invention BUTTON CELLS AND METHOD FOR PRODUCING SAME 
Publication Information:

D Request Early Publication (Fee required at time of Request 37 CFR 1219)

 

Request Not to Publish. I hereby request that the attached application not be published under 35
D U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the

subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.
 
Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Number will be used for the Representative Information during processing. 

Please Select One: @ Customer Number I 0 US Patent Practitioner 0 Limited Recognition (37 CFR 11.9) 
 

Customer Number 35811 

Domestic BenefithationaI Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(0) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification. 

Prior Application Status Pending

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

a 371 of international PCT/EP2010/000787 2010—02—09

   
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button. Add 

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(0)
and 37 CFR 1.55(a).

 

 

Application Number Parent Filing Date (YYYY-MM-DD) Priority Claimed

10 2009008 859.8 2009-02-09 6) Yes 0 No

 

 

Application Number Country i Parent Filing Date (YYYY-MM-DD) Priority Claimed

10 2009 030 359.6 DE 2009-06-18 6) Yes O No
 

Remove

Application Number Country i Parent Filing Date (YYYY-MM-DD) Priority Claimed

102009 060 788.9 DE 2009—12—22 6) Yes O No
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Attorney Docket Number RU F-1 1-1 270
Application Data Sheet 37 CFR 1.76
 

Application Number 

Title of Invention BUTTON CELLS AND METHOD FOR PRODUCING SAME 
Additional Foreign Priority Data may be generated within this form by selecting the Add
Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1

If the Assignee is an Organization check here.

Organization Name VARTA Microbattery GmbH

Mailing Address Information:

Address 1 Daimlerstraise 1

Address 2

 

 

 

City Ellwangen StatelProvince 

Country i Postal Code

 
Phone Number Fax Number
 

Email Address
 
 

Additional Assignee Data may be generated within this form by selecting the Add
button. Add 

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

 

 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount oftime you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and
Trademark Office, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the US. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the US. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) an
the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether
the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements ofthe Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, a
a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or hislher designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuan
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Description

Button cells and method for producing same

[0001] The present invention relates to button cells comprising two metallic housing half-

parts, which are separated from one another by an electrically insulating seal and which form a

housing with a flat bottom area and a flat top area parallel to it, as well as within the housing, an

electrode-separator assembly comprising at least one positive and at least one negative electrode,

which are in the form of flat layers and are connected to one another by at least one flat

separator, and to a method for producing such button cells.

[0002] Button cells normally have a housing consisting of two housing half—parts, a cell cup

and a cell top. By way of example, these may be produced from nickel-plated deep-drawn metal

sheet as stamped and drawn parts. The cell cup normally has positive polarity, and the housing

top negative polarity. The housing may contain widely differing electrochemical systems, for

example zinc/Mn02, primary and secondary lithium systems, or secondary systems such as

nickel/cadmium or nickel/metal hydride.

[0003] By way of example, rechargeable button cells based on nickel/metal hydride or

lithium-ion systems are in widespread use. In the ease of lithium-ion button cells, the

electrochemically active materials are normally not arranged within the button cell housing in the

form of individual electrodes, in the form of tablets, separated from one another by a separator.

Instead of this, prefabricated electrode-separator assemblies are preferably inserted flat into the

housing. In this case, a porous plastic film is preferably used as a separator, onto which the

electrodes are laminated or adhesively bonded flat. The entire assembly comprising the

separator and the electrodes in this case generally has a maximum thickness of a few hundred

JLab/Cambridge, Exh. 1002, p. 8
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um. In order to allow button cell housings of normal dimensions to be filled, a plurality of such

assemblies are therefore frequently placed flat one on top of the other. This allows stacks of any

desired height, in principle, to be produced, in each case matched to the available dimensions of

the button cell housing into which the stack is intended to be installed. This ensures optimum

utilization of the available area within the housing.

[0004] By virtue of the design, however, various problems also occur in the case of button

cells which contain such stacks of electrode-separator assemblies. On the one hand, it is

necessary, of course, for the electrodes of the same polarity each to be connected to one another

within the stack, and then each to make contact with the corresponding pole of the button cell

housing. The required electrical contacts result in material costs, and the space occupied by

them is, furthermore, no longer available for active material. In addition, the production of the

electrode stacks is complicated and expensive since faults can easily occur when the assemblies

make contact with one another, increasing the scrap rate. On the other hand, it has been found

that button cells having a stack of electrodes and separators very quickly start to leak.

[0005] Traditionally, button cells have been closed in a liquid-tight manner by beading the

edge of the cell cup over the edge of the cell top in conjunction with a plastic ring, which is

arranged between the cell cup and the cell top and at the same time acts as a sealing element and

for electrical insulation of the cell cup and of the cell top. Button cells such as these are

described, for example, in DE 31 13 309.

[0006] However, alternatively, it is also possible to manufacture button cells in which the

cell cup and the cell top are held together in the axial direction exclusively by a force—fitting

connection, and which do not have a beaded-over cup edge. Button cells such as these and

methods for their production are described in the still unpublished German patent application

JLab/Cambridge, Exh. 1002, p. 9
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with the file reference 10 2009 017 514.8. lrrespective of the various advantages which button

cells such as these without beading may have, they can, however, not be loaded as heavily in the

axial direction as comparable button cells with a beaded-over cup edge, in particular with respect

to axial mechanical loads which are caused in the interior of the button cell. For example, the

electrodes of rechargeable lithium-ion systems are continually subject to volume changes during

charging and discharging processes. The axial forces which occur in this case can, of course,

lead to leaks more readily in the case of button cells without beading than in the case of button

cells with beading.

[0007] The present invention was based on the object of providing a button cell in which the

problems mentioned above do not occur, or occur only to a greatly reduced extent. In particular,

the button cell is intended to be more resistant to mechanical loads which occur in the axial

direction than conventional button cells, in particular even when they are manufactured as button

cells without a beaded-over cup edge.

[0008] This object is achieved by the button cell having the features of claim 1. Preferred

embodiments of the button ccll according to the invention are defined in thc dcpcndcnt claims 2

to 10. The method according to claim 11 also contributes to the solution of the problem

according to the invention. Preferred embodiments of the method according to the invention are

defined in dependent claims 12 to 14. The wording of all the claims is hereby included by

reference to the content of this description.

[0009] A button cell according to the invention always comprises two metallic housing half-

parts, which are separated from one another by an electrically insulating seal and form a housing

with a flat bottom area and a flat top area parallel to it. As already mentioned initially, the two

housing half—parts are generally a so-called housing cup and a housing top. ln particular, parts
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composed of nickel-plated steel or metal sheet are preferred as housing half—parts. Furthermore,

trimetals, for example with the sequence of nickel, steel (or stainless steel) and copper (with the

nickel layer preferably forming the outer layer and the copper layer preferably forming the inside

of the button cell housing) are particularly suitable for use as the metallic material.

[0010] By way of example, an inj ection-molded or film seal can be used as a seal. The latter

are described, for example, in DE 196 47 593.

[0011] Within the housing, a button cell according to the invention comprises an electric-

separator assembly with at least one positive and at least one negative electrode. These are each

in the form of flat electrode layers. The electrodes are connected to one another via a flat

separator. The electrodes are preferably laminated or adhesively bonded onto this separator.

The electrodes and the separator generally each have thicknesses only in the um range. In

general, a porous plastic film is used as the separator.

[0012] In contrast to the button cells mentioned initially, the button cell according to the

invention is distinguished in particular by the electrode layers having a very particular

orientation, specifically being aligned essentially at right angles to the flat bottom and top areas.

While button cells known from the prior art with stacked electrode-separator assemblies always

contain these assemblies inserted flat, such that the electrode layers are aligned essentially

parallel to the flat bottom and top areas, the situation in a button cell according to the invention is

the opposite of this.

[0013] The right-angled alignment of the electrode layers has an unexpectedly considerable

advantage, specifically because it has been found that this alignment results in a considerable

improvement in the sealing characteristics of a button cell according to the invention, particularly

for button cells based on lithium—ion systems. The electrodes of rechargeable lithium—ion
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systems are continually subject to volume changes during charging and discharging processes.

Volume changes such as these also occur, of course, in the electrodes of a button cell according

to the invention. However, the mechanical forces which are created during this process no

longer act primarily axially, as in the case of a stack of electrode-separator assemblies which are

inserted flat. Because of the right-angled alignment of the electrodes, they in fact act radially.

Radial forces can be absorbed very much better than axial forces by the housing of a button cell.

The improved sealing characteristics are presumably a result of this.

[0014] Particularly preferably, the electrodes and the flat separator of a button cell according

to the invention are each in the form of strips or ribbons. By way of example, the production of a

button cell according to the invention can be based on a separator material in the form of an

endless ribbon, onto which the electrodes are applied, in particular laminated, once again in

particular in the form of strips or at least rectangles.

[0015] In the housing of a button cell according to the invention, this assembly is particularly

preferably in the form of a winding, in particular in the form of a spiral winding. Windings such

as these can be produced very easily using known methods (see for example DE 36 38 793), by

applying the electrodes flat, in particular in the form of strips, to a separator which is in the form

of an endless ribbon, in particular by laminating them on. In this case, the assembly comprising

electrodes and separators is generally wound onto a so-called winding mandrel. Once the

winding has been removed from the winding mandrel an axial cavity remains in the center of the

winding. This allows the winding to expand into this cavity, if necessary. However, in some

circumstances, this can lead to problems in making electrical contact between the electrodes and

the metallic housing half-parts, and this will be described in more detail in the following text.
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[0016] The electrode winding is preferably arranged within a button cell according to the

invention (in order that the electrode layers of the winding are aligned at right angles to the flat

bottom area and top area of the housing), such that the end faces of the winding face in the

direction of the flat bottom area and of the flat top area.

[0017] According to the present invention, preferred embodiments of the button cell

according to the invention have a fixed winding core in the center of the winding, which at least

partially fills the axial cavity in the center of the Winding. A winding core such as this fixes the

electrode winding in the radial direction and prevents possible implosion of the winding into the

axial cavity. When the winding expands in this way, this also results in the reduction in the

pressure which the end faces of the winding exert in the axial direction, and therefore in the

direction of output conductors which may be arranged there (this is described in more detail

further below). If this is prevented, then there are generally also no problems with making

electrical contact between the electrodes and the metallic housing half-parts.

[0018] In addition, a winding core such as this also makes the button cell according to the

invention more robust against external mechanical influences. In general, it is no longer possible

for the electrode winding in the button cell to be damaged by external mechanical pressure in the

axial direction.

[0019] According to the preferred embodiment of the electrode winding as a spiral electrode

Winding, the axial cavity which has been mentioned in the center of the winding is preferably

essentially cylindrical (in particular circular-cylindrical). On the casing side, it is bounded by the

Windin g, and at the end it is bounded by corresponding surfaces of the bottom area and of the top

area of the button cell housing.
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[0020] Correspondingly, the winding core which is contained in a button cell according to

the invention is preferably also in the form of a cylinder, in particular a hollow cylinder. The

height of a cylinder such as this preferably corresponds to the respective distance between the

flat bottom area and the flat top area, which is parallel to it.

[0021] In particularly preferred embodiments, the winding core may have radially self-

expanding characteristics. For example, it is possible for the winding core to be inserted in a

radially compressed configuration into the axial cavity in the winding of a button cell according

to the invention. When the radially compressed winding core expands, it exerts a radial pressure

on the electrode Winding surrounding it, thus ensuring a contact pressure in the axial direction as

well.

[0022] By way of example, an axially slotted hollow cylinder may be used as a radially self-

expanding winding core. l-lowever, alternatively, it is also conceivable to use other radially self—

expanding materials, for example based on plastic.

[0023] Particularly preferably, the winding core is composed of a metal such as stainless

steel or plastic.

[0024] Particularly preferably, the assembly comprising electrodes and a separator in a

button cell according to the invention has one of the following layer sequences:

0 negative electrode/separator/positive electrode/separator

or

0 positive electrode/separator/negative electrode/separator.

[0025] Assemblies such as these can be produced and wound very easily without short

circuits occurring between electrodes of opposite polarity.
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[0026] The separators which can be used in a button cell according to the invention are

preferably films composed of at least one plastic, in particular of at least one polyolefin. By way

of example, the at least one polyolefin may be polyethylene. However, it is also possible to use

multilayer separators, for example separators composed of a sequence of different polyolefin

layers, for example with the sequence p0lyethylene/polypropylene/polyethylene.

[0027] It is not essential to use a plurality of separate separators in order to produce

assemblies with the abovementioned sequence. In fact, a separator can also be looped around the

end of one of the electrodes, thus resulting in both sides of this electrode being covered by the

separator.

[0028] The separators which can preferably be used in a button cell according to the

invention preferably have a thickness of between 3 um and 100 um, in particular of between 10

um and 50 um.

[0029] The electrodes of a button cell according to the invention preferably have a thickness

of between 10 um and 1000 um, in particular of between 30 um and 500 um.

[0030] In preferred embodiments of a button cell according to the invention, the negative

electrode and the positive electrode in the electrode-separator assembly are arranged offset with

respect to one another within the assembly. In this case, an offset arrangement is intended to

mean that the electrodes are arranged such that this results in a respectively different separation

between the electrodes and the flat bottom and top areas in the button cell according to the

invention. In the simplest case, for example, a positive and a negative electrode can be slightly

offset as strips of the same Width applied to the opposite sides of a separator ribbon, as a result of

which the distance between the positive electrode and the upper separator edge is greater than the
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comparable distance measured from the negative electrode. This then applies in the opposite

sense, of course, to the distance from the lower separator edge.

[0031] In particularly preferred embodiments, preferably as a result of this offset

arrangement, the positive electrode, in particular an edge of the positive electrode, rests directly

on the cup part, in particular in the flat bottom area of the cup part, while the negative electrode,

in particular an edge of the negative electrode, rests directly on the top part, in particular in the

flat top area of the top part. In this embodiment, a direct electrical and mechanical contact is

made between the electrodes and the cup and top parts. The offset arrangement of the electrodes

with respect to one another therefore makes it possible for the electrodes to make contact with

the respective housing parts, without any need to use additional electrical contacts and

connecting means.

[0032] However, in alternative preferred embodiments, it is also preferable for at least one of

the electrodes, preferably both the at least one negative electrode and the at least one positive

electrode, in a button cell according to the invention, to be connected to the flat bottom and top

areas via one or more output conductors. By way of example, the output conductors may be

output-conductor lugs composed of copper or some other suitable metal. On the electrode side,

the output conductors may, for example, be connected to a current collector. The output

conductors can be connected to the housing and/or to the current collectors by, for example,

welding or via an clamped joint.

[0033] In the simplest case, the current collectors of the positive and negative electrodes can

also themselves act as output conductors. Collectors such as these are generally metallic films or

meshes which are embedded in the respective electrode material. Uncovered subareas, in
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particular end pieces, of collectors such as these can be bent around and can be brought into

contact with the button cell housing.

[0034] The use of output conductors may be particularly advantageous if the negative

electrode and the positive electrode within the assembly are arranged with respect to one another

such that this results in the electrodes each being at the same distance from the flat bottom and

top areas. Or, in other words, if the electrodes are not arranged offset with respect to one another

within the electrode-separator assembly, as has been described above.

[0035] However, if the distance between electrodes of opposite polarity and the flat bottom

and top areas is the same, this results in the risk of a positive and a negative electrode touching

the metallic cup or top part at the same time, thus resulting in a short circuit. In preferred

embodiments, the button cell according to the invention may therefore comprise at least one

insulating means, which prevents a direct mechanical and electrical contact between the end

faces of the winding and the flat bottom and top areas.

[0036] In one development, it is preferable for the electrodes in a button cell according to the

invention such as this to be connected via the already mentioned separate output conductors to

the flat bottom and top areas. These ensure the electrical contact between the electrodes and the

housing.

[0037] In this case, it is preferable for at least a subsection of the output conductor or

conductors in the bottom area and in the top area of the housing to rest flat on the inside of the

housing half-parts. Ideally, the output conductors naturally make electrical contact with the

insides of the housing when they are at least slightly pressed against the housing (if they are not

welded to it in any case). This can be achieved surprisingly efficiently by a suitable arrangement

of the winding core that has been mentioned, in a button cell according to the invention.
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[0038] By way of example, the insulating means may be a flat layer composed of plastic, for

example a plastic film, which is arranged between the end faces of the winding and the flat

bottom and top areas of the housing of a button cell according to the invention.

[0039] Corresponding to the above statements, the button cell according to the invention is,

in particular, a rechargeable button cell. A button cell according to the invention particularly

preferably has at least one lithium-intercalating electrode.

[0040] The ratio of the height to the diameter of button cells is, by definition, less than 1.

For a button cell according to the invention, this ratio is particularly preferably between 0.1 and

0.9, in particular between 0.15 and 0.7. In this case, the height means the distance between the

flat bottom area and the flat top area parallel to it. The diameter means the maximum distance

between two points on the casing area of the button cell.

[0041] The button cell according to the invention is particularly preferably a button cell

which is not beaded over, as is described in the patent application with the file reference 10 2009

017 514.8, which has already been mentioned in the introduction. Correspondingly, there is

preferably an exclusively force-fitting connection between the housing half-parts. Therefore, the

button cell according to the invention does not have a beaded-over cup edge, as is always the

case with button cells known from the prior art. The button cell is closed without being beaded

over.

[0042] Button cells such as these which are not beaded over generally make use of

conventional cell cups and cell tops, which each have a bottom area and a top area, a casing area,

an edge area which is arranged between the bottom and top areas and the casing area, and a cut

edge. Together, the cell cup and cell top form a housing, which forms a receptacle for the

conventional internal components of a button cell, such as electrodes, separator etc. As in the

11
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normal way, the bottom area of the cell cup and the top area of the cell top are aligned essentially

parallel to one another in this housing. The casing areas of the cell cup and cell top in the

finished button cell are aligned essentially at right angles to the bottom and top areas, and

preferably have an essentially cylindrical geometry. The internal and external radii of the cell

cup and cell top are preferably essentially constant in the casing areas. The edge areas, which

have been mentioned, of the cell cup and cell top form the transition between the casing areas

and the top and bottom areas. They are preferably therefore bounded on the one hand by

essentially flat bottom and top areas, and on the other hand by the essentially cylindrical casing

areas, which are arranged at right angles to them. By way of example, the edge areas may be in

the form ofa sharp edge, or else may be rounded.

[0043] The procedure for producing a button cell which is not beaded over is generally to

first of all apply a seal to the casing area of a cell top. ln a further step, the cell top is then

inserted, with the seal fitted, into a cell cup thus resulting in an area in which the casing areas of

the cell cup and cell top overlap. The size of the overlap area and the ratio of the overlapping

area to the non-overlapping areas are in this case governed by the respective height of the casing

areas of the cell cup and cell top, and by the depth of the insertion. With regard to the casing

area of the cell top, it is preferable for between 20% and 99%, in particular between 30% and

99%, particularly preferably between 50% and 99%, to overlap the casing area of the cell cup

(the percentages each relate to the height of the casing or of the casing area). Before being

inserted into the housing cup and/or the housing top, the other conventional components of a

button cell (electrodes, separator, electrolyte etc.) are inserted. After the cell top has been

inserted completely into the cell cup a pressure is exerted on the casing area of the cell cup, in

particular in the area of the cut edge, in order to seal the housing. ln this case, a joined-together
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housing part should as far as possible not be subjected to any loads, or only to very small loads,

in the axial direction. Therefore, the pressure is applied in particular radially. Apart from the

sealing of the housing which has already been mentioned the external diameter of the cell

housing can therefore also be calibrated.

[0044] It is particularly important for the heights of the casing areas of the cell cup and cell

top to be matched to one another such that the cut edge of the cell cup is pressed against the

casing area of the cell top by the pressure on the casing area of the cell cup. The heights of the

casing areas are therefore preferably chosen such that it is impossible to bend the cut edge of the

cell cup around inward over the edge area of the cell top which has been completely inserted into

the cell cup. Correspondingly, the edge of the cell cup is not beaded over the edge area of the

cell top. In consequence, the cell cup of a button cell manufactured using the method according

to the invention has a casing area with an essentially constant radius in the direction of the cut

edge.

[0045] In the case of button cells produced using a method such as this, there is preferably an

exclusively force-fitting connection between the housing components comprising the cell cup,

the cell top and the seal. This ensures that the components are therefore held together in a

preferred manner, essentially only by static-friction force.

[0046] Button cells without any beading over are particularly preferably produced using a

cell cup which is conical at least in one subarea of its casing, such that at least its internal

diameter increases in the direction of the cut edge. This makes it considerably easier to insert the

cell top into the cell cup. The dimensions of the cell cup and cell top are preferably matched to

one another such that relatively large opposing forces preferably do not occur until the top has
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been inserted virtually completely into the cup. The cone angle in this case is preferably

between 10 minutes and 3°, in particular between 30 minutes and 1° 30 minutes.

[0047] The cell top, which is inserted into the cell cup with the applied seal, is cylindrical, at

least in a part of the casing area, in preferred embodiments. This may relate in particular to that

part of the casing area which overlaps the conical subarea of the cell cup casing that has been

mentioned, after the cell top has been inserted into the cell cup. The casing of the cell top, and

therefore also the casing area, is particularly preferably entirely cylindrical. The cell top

therefore preferably has a constant external radius in the casing area. This may relate in

particular to that part which overlaps the conical part of the casing area of the cell cup after the

cell top has been inserted.

[0048] When a cell top with a cylindrical casing area is being inserted into a cell cup which

is conical at least in one subarea of its casing, as has been described above, a gap which is open

at the top is generally created between the cell cup and the cell top. This gap is generally closed

again by the pressure on the casing area of the cell cup. Thus, the pressure on the casing area of

the cell cup may be chosen such that the conical part of the casing area of the cell cup is pushed

inward until the inside of the cell cup and the outside of the cell top are essentially at the same

distance from one another in the overlapping area. The resultant button cell has casing areas

which are aligned parallel to one another, in particular in the overlapping area.

[0049] One important aspect in this case is the choice of the seal which connects the cell cup

to the cell top. The seal is preferably a plastic seal which connects the cell cup to the cell top.

The seal is preferably a plastic seal composed of a thermoplastic.

[0050] The plastic seal is particularly preferably a film seal, for example as is described in

the already cited DE 196 47 593, in particular a film seal composed of a thermoplastic.

14
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[0051] Film seals can be produced with a very uniform thickness. When a suitable pressure

is applied to the casing area of the cell cup, this results in an interference fit, as a consequence of

which the button cell that has been produced has highly excellent sealing characteristics. Not

least, the use of film seals makes it possible to dispense with the edge of the cell cup being

beaded over without this on the other hand resulting in a need to accept disadvantages in other

important characteristics.

[0052] It is very particularly preferable to use plastic seals, in particular plastic films, based

on polyamide or based on polyether ether ketones in the present case.

[0053] It is preferable for the seal for a cell which is not beaded over to have an initial

thickness in the range between 50 um and 250 um, particularly preferably between 70 um and

150 um, in particular about 100 um. The term “initial thickness” is in this case intended to mean

the thickness of the seal before it is applied to the casing of the cell top. In contrast to this, the

term “final thickness” is intended to mean the thickness of the seal in the finished cell. It is clear

that, at least in the overlapping area, this generally corresponds to the distance between the inside

of the cell cup and the outside of the cell top.

[0054] In order to allow a sufficiently large amount of friction to be produced between the

cell cup and the cell top, both the external and internal radii of the cup and top should be

matched to one another and to the thickness of the film seal. This is the only way to create a

sufficiently high contact pressure to hold the two individual parts together. It is preferable for

the parts used in this case for the difference between the external radius of the cell top, which is

to be inserted into the cell cup, on the cut edge of the cell top and the smallest internal radius of

the cell cup in that part of the casing area which overlaps the casing area of the cell top to be less

than the initial thickness of the seal that is used. The difference is particularly preferably
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between 10% and 90% of the initial thickness, in particular between 30% and 70%, and very

particularly preferably about 50%.

[0055] After the cell top has been inserted into the cell cup, a part of the casing area of the

cell cup can be drawn radially inward. In particular, this relates to that part of the casing area

Which does not overlap the casing area of the cell top.

[0056] It has been found that this process of drawing in radially makes it possible to achieve

considerably better sealing characteristics. Drawing in the cup casing results in a radial pressure

being exerted on the edge section which rests on the inner wall of the housing cup and on the

seal which is arranged between the housing top and the housing cup, with the seal in

consequence being compressed in this area.

[0057] The drawing-in process can be carried out at the same time as the already mentioned

exertion of pressure on the casing area of the cell cup, although the drawing—in process is

preferably carried out in a subsequent, separate step.

[0058] The method according to the invention for producing a button cell can be used in

particular to produce button cells as have been described above, that is to say button cells having

a housing with a flat bottom area and a flat top area parallel to it. It is suitable for producing not

only button cells which are not beaded over, but also for those which are headed over.

[0059] With respect to the preferred embodiments of the individual components which are

used in the method according to the invention (housing parts and dimensions, electrodes,

separator etc), reference can therefore be made to the above statements and explanations in their

entirety.

[0060] In general, the housing is assembled from a metallic cup part (housing cup) and a

metallic top part (housing top), with an electrode—separator assembly with electrodes in the form
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of a flat layer being inserted into the housing such that the electrodes are aligned at right angles

to the flat bottom area and top area.

[0061] As already mentioned, the electrode—separator assembly is preferably installed in the

form of a winding, in particular a spiral winding.

[0062] In general, the method according to the invention always comprises the following

steps:

0 insertion of the winding into the metallic top part, and

o insertion of the metallic top part with the winding into a metallic cup part.

[0063] The edge of the cup part is then optionally beaded over the edge of the top part.

[0064] When a button cell which is not beaded over is produced, the corresponding steps as

described above are carried out.

[0065] Before the housing is closed, the clcctrodcs are normally also impregnated with

electrolyte solution.

[0066] For the insertion process, the winding is preferably rolled up on a winding mandrel.

After or during the insertion process, the winding mandrel can then be removed. If required, the

winding core that has been mentioned above is then inserted. Alternatively, the electrode-

separator assembly can also be wound directly onto a core such as this.

[0067] The spiral winding is particularly preferably heat-treated on its end faces before being

installed. In this case, it is at least briefly subjected to a temperature at which the separator in the

winding is thermoplastically deformable. ln general, the separator projects somewhat on the end

faces of the winding, and this is itself subject to the precondition that the electrodes are arranged

with the offset with respect to one another, as described above. The heat treatment allows the
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separator to be shrunk together somewhat, therefore, if required, even exposing the edge of an

adjacent electrode, such that this can rest directly on the button cell housing.

[0068] The stated advantages and further advantages of the invention will become evident

from the description which now follows of the drawings in conjunction with the dependent

claims. In this case, the individual features of the invention may be implemented on their own or

in combination with one another. The described embodiments are intended only for explanation

and for better understanding of the invention, and should in no way be understood as being

restrictive.

Description of the figures

[0069] Figure 1 schematically illustrates the cross section through one preferred embodiment

of a button cell according to the invention.

[0070] Figure 2 illustrates the effect of heat treatment of a wound—up electrode—separator

assembly, which is used in preferred embodiments of the method according to the invention.

[0071] Figure 3 shows an electrode-separator assembly in the form of a winding, as can be

installed in a button cell according to the invention.

[0072] Figure 4 shows a section illustration of a further preferred embodiment of a button

cell according to the invention.

[0073] Figure 5 schematically illustrates the cross section through one preferred embodiment

of a button cell according to the invention, in which the edge of the cell cup is not beaded over

the edge of the cell top.

[0074] Figure 1 schematically illustrates the cross section through one preferred embodiment

of a button cell 100 according to the invention. This has a metallic cup part 101 and metallic top

part 102. The two parts are connected to one another, sealed by means of a seal 109. Together,
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they form a housing with a flat bottom area 103 and a flat top area 104 parallel to it. When in

use, these flat areas 103 and 104 form the poles of the button cell, from which current can be

drawn by a load. The edge 110 of the cell cup 101 is beaded inward over the edge of the cell top

102.

[0075] An arrangement comprising an electrode 105 in the form of a strip, an electrode 106

in the form of a strip, and the separators 107 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 105 and 106 as well as the separators 107 is

in this case in the form of a winding, whose end faces abut against the flat bottom area 103 and

the flat top area 104, which is parallel to it. The assembly is wound up on the core 108 in the

center of the button cell 100. Both the core 108 as well as the electrodes and separators which

are wound around it are aligned at right angles to the flat bottom and top areas 104 and 103.

When the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 100.

[0076] It should be stressed that the positive electrode 105 and the negative electrode 106

respectively rest directly on the cup part 101 and on the top part 102 of the button cell 100.

There is no need for a separate output conductor for connecting the electrodes to the top part 102

and to the cup part 101.

[0077] Figure 2 shows the effect of the heat treatment of an electrode-separator winding 200,

which is provided in preferred embodiments of the method according to the invention for

producing a button cell. The illustration schematically shows a winding 200 comprising an

assembly of a positive electrode 201 (bar with cross strips), a negative electrode 202 (white bar)

and the separators 203 (detail). The positive and the negative electrodes 201 and 202 are in each

19

JLab/Cambridge, Exh. 1002, p. 26



JLab/Cambridge, Exh. 1002, p. 27

case arranged offset with respect to one another. The separators 203 are composed of a

thermoplastically deformable material.

[0078] When the separator edges which are located on the end faces 204 and 205 of the

Winding 200 are subjected to a high temperature (for example of 250°C, as illustrated), then

these separator edges shrink. The separators are drawn in at least partially between adjacent

electrodes. In the process, the edges of the negative electrode 202 are exposed on the end face

204, while the edges of the positive electrode 201 are covered. The edges of the positive

electrode 201 on the end face 205 are exposed, while the edges of the negative electrode 202 are

covered.

[0079] When a winding that has been treated in this way is in use, this ensures that electrodes

of the same polarity can each rest directly only on the housing cup or on the housing top. There

is no need for separate electrical connections between the electrodes and the housing parts.

[0080] Figure 3 shows an electrode-separator assembly for button cells according to the

invention, in the form of a winding 300, with the illustration A depicting a plan view vertically

from above at one of the end faces 301 of the winding 300, while the illustration B shows the

Winding 300 in a view obliquely from above. In both cases, this shows that the assembly

comprises two layers; separators 302 and 303 as well as two electrode layers 304 and 305 (a

positive and a negative electrode). The assembly is wound up in a spiral shape and is held

together by an adhesive tape 306 on its outside.

[0081] Figure 4 shows a sectioned illustration of one preferred embodiment of a button cell

400 according to the invention. The figure shows the housing of the button cell comprising the

cup part 401 and the top part 402, between which the seal 403 is arranged. An assembly of

electrodes and separators, as is illustrated in Figure 3, is contained as a spiral winding 404
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(illustrated schematically in the cross section) within the housing. The separator layers 405 and

406 as well as the electrodes 407 and 408 of opposite polarity can also be seen well here. In this

case, the electrode 407 is connected via the output conductor 410 to the top part 402, while the

electrode 408 is connected via the output conductor 409 to the cup part 402. The output

conductor 410 is preferably welded to the top part 402. In contrast, the output conductor 409 is

connected to the cup part 402 via a clamping connection (it is clamped inbetween the supporting

ring 413, on which the edge of the cell top rests, and the bottom of the cell cup). The insulating

means 411 and 412 are arranged between the end faces of the winding and the cup part 401 and

the top part 402, and are each in the form of thin plastic disks. This prevents electrodes of

opposite polarity from being able to come into contact with the cup part 401 or the top part 402

at the same time. This prevents any short circuit.

[0082] Figure 5 schematically illustrates the cross section through one preferred embodiment

of a button cell 500 according to the invention.

[0083] This button cell 500 has a metallic cup part 501 and a metallic top part 502. The two

parts are connected to one another, sealed by means of a seal 510. Together, they form a housing

with a flat bottom area 503 and a flat top area 504 parallel to it. When in use, these flat areas 503

and 504 form the poles of the button cell, from which current can be drawn by a load.

[0084] The cell top 502 is inserted into the cell cup 501 such that the casing areas of the cell

top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping

area being essentially constant in the direction of the cut edge. Therefore, the edge of the cell

cup 501 is not beaded over the edge 511 of the cell top 502, and the preferred embodiment

described above for a button cell 500 according to the invention is therefore a button cell which

is not headed over.
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[0085] An assembly comprising an electrode 508 in the form of a strip, an electrode 509 in

the form of a strip and separators 507 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 508 and 509 as well as the separators 507 is

in this case in the form of a winding, whose end faces face in the direction of the flat bottom area

503 and of the flat top area 504 which is parallel to it. The assembly is wound up on the winding

core 512 in the center of the button cell 500. Both the core 512 and the electrodes and separators

which are wound around it are aligned at right angles to the flat bottom and top areas 504 and

503. If the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 500.

[0086] The positive and the negative electrodes make contact with the housing half-part

comprising the cup and top via the output conductor 505 and the output conductor 506. The

output conductor 505 is composed of aluminum, and the output conductor 506 is composed of

nickel (or alternatively of copper). Both output conductors are thin films, which rest flat

between the end faces of the winding and the flat top and bottom areas 503 and 504. A

continuous slight contact pressure is maintained on the output conductors by the winding core

512. The output conductors are preferably separated from the end faces of the winding by a

separate insulator arrangement (not illustrated in the drawing), for example by a thin film.
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Patent Claims

1. A button cell (100, 400; 500), comprising

- two metallic housing half-parts (101, 102; 401, 402; 501, 502), which are

separated from one another by an electrically insulating seal (109; 403, 510) and which

form a housing with a flat bottom area (103; 503) and a flat top area (104; 504) parallel to

it, as well as

— within the housing, an electrode—separator assembly comprising at least one

positive and at least one negative electrode (105, 106; 201, 202; 304, 305; 407, 408; 508,

509), which are in the form of flat layers and are connected to one another by at least one

flat separator (107; 203; 302, 303; 405, 406; 507),

with the electrode layers being aligned essentially at right angles to the flat bottom and

top areas.

2. The button cell as claimed in claim 1, characterized in that the electrodes and/or

the separator are/is in the form of strips or ribbons.

3. The button cell as claimed in claim 1 or claim 2, characterized in that the

electrode-separator assembly is in the form of a winding (200; 300; 404), in particular a spiral

winding, whose end faces (204, 205; 301) face in the direction of the flat bottom area and the flat

top area.
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4. The button cell as claimed in claim 3, characterized in that the winding has an

axial cavity in its center, which axial cavity is at least partially filled by a winding core (108;

512).

5. The button cell as claimed in one of the preceding claims, characterized in that the

electrode-separator assembly has one of the following layer sequences:

- negative electrode/separator/positive electrode/separator

- positive electrode/separator/negative electrode/separator

6. The button cell as claimed in one ofthe preceding claims, characterized in that the

positive electrode (408; 509) and/or the negative electrode (407; 508) are/is connected via an

output conductor (409, 410; 505, 506) to the housing in the area of the flat bottom area and/or of

the flat top area.

7. Thc button cell as claimed in onc of claims 3 to 6, characterized in that the button

cell comprises at least one insulating means (413, 414), which prevents direct mechanical and

electrical contact between the end faces of the winding and the flat bottom and top areas.

8. The button cell as claimed in claim 7, characterized in that the at least one

insulating means (413, 414) is a flat layer composed of plastic, for example a plastic film, which

is arranged between the end faces of the winding and the flat bottom and top areas.
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9. The button cell as claimed in one of the preceding claims, characterized in that the

button cell is rechargeable.

10. The button cell as claimed in one of the preceding claims, characterized in that the

button cell has a heightzdiameter ratio of < 1, preferably between 0.1 and 0.9, in particular

between 0.15 and 0.7.

11. A method for producing a button cell, in particular a button cell (100; 400; 500)

according to one of the preceding claims, with a housing being fitted which is composed of

metallic housing half—parts, in particular a metallic cup part (101; 401; 501) and a metallic top

part (102; 402; 502), said housing having a flat bottom area (103; 503) and a flat top area (104;

504) parallel to it, and with an electrode—separator assembly with electrodes (105, 106; 201, 202;

304, 305; 407, 408; 508, 509) in the form of a flat layer being inserted into the housing such that

the electrode layers are aligned essentially at right angles to the flat bottom and top areas (103,

104; 503, 504).

12. The method as claimed in claim 11, characterized in that the electrode-separator

assembly is inserted as a winding (200; 300; 404), in particular as a spiral winding.
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13. The method as claimed in claim 12, comprising the following steps:

- insertion of the winding (200; 300; 404) into the metallic top part (102; 402; 502),

— insertion of the metallic top part with the winding into a metallic cup part (101;

401; 501),

- possibly, beading over the edge of the cup part.

14. The method as claimed in claim 12 or 13, characterized in that the winding (200;

300; 404) is heat-treated on its end faces (204, 205; 301) before being installed, with it being at

least greatly subjected to a temperature at which the separator (107; 203; 302, 303; 405, 406;

507) is thermoplastically deformable.
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Abstract

A button cell (100; 400; 500) is described, comprising two metallic housing half-parts

(101, 102; 401, 402; 501, 502), which are connected to one another forming a seal, and form a

housing With a flat bottom arca (103; 503) and a flat top arca (104; 504) parallel to it, With

positive and negative electrodes (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) in the form

of flat layers being arranged Within the housing and being connected to one another Via a flat

separator (107; 203; 302, 303; 405, 406; 507), with the electrode layers being aligned essentially

at right angles to the flat bottom and top areas. A method is also described for producing a

button cell such as this.
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SUBSTITUTE SPECIFICATION [Marked-Um

E . .

Butten—eells—afid—Hiethed—fer—predueing—sameBUTTON CELLS AND METHOD FOR
PRODUCING SAME

Related Applications

[0001] This is a §371 of International Application No. PCT/EP2010/000787, with an inter-
 

national fllin date of Februa 9 2010 WO 2010/089152 A1 ublished Au ust 12 2010

which is based on German Patent Application Nos. 10 2009 008 859.8, filed February 9, 2009,
 

10 2009 030 3596 filed June 18 2009 and 10 2009 060 788.9 filed December 22 2009 the 

subject matter of which is incorporated by reference.

Technical Field

[0002] Themesent—inventienThis disclosure relates to button cells comprising two metallic

housing half—partsTWh-ieh—are separated from one another by an electrically insulating seal and

which form a housing with a flat bottom area and a flat top area parallel to it, as well as within

the housing, an electrode—separator assembly comprising at least one positive and at least one

negative electrode, which are in the form of flat layers and are connected to one another by at

least one flat separator, and to a method for producing such button cells.

Background

[0003] Button cells normally have a housing consisting of two housing half-parts, a cell cup

and a cell top. By way of example, these may be produced from nickel-plated deep-drawn metal

sheet as stamped and drawn parts. The cell cup normally has positive polarity, and the housing
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top negative polarity. The housing may contain widely differing electrochemical systems, for

example, zine/Mn02, primary and secondary lithium systems, or secondary systems such as

nickel/cadmium or nickel/metal hydride.

[0004] By way of example, rechargeable button cells based on nickel/metal hydride or

lithium-ion systems are in widespread use. In the case of lithium-ion button cells, the

electrochemically active materials are normally not arranged within the button cell housing in the

form of individual electrodes, in the form of tablets, separated from one another by a separator.

Instead—efithis, prefabricated electrode—separator assemblies are preferably inserted flat into the

housing. In thisth_at case, a porous plastic film is preferably used as a separator, onto which the

electrodes are laminated or adhesively bonded flat. The entire assembly comprising the

separator and the electrodes in—t-his—ease—generally [[has]]have a maximum thickness of a few
 

hundred um. ln—erder—tefl allow button cell housings of normal dimensions to be filled, a

plurality of such assemblies are therefore frequently placed flat one on top of the other. This

allows stacks of any desired height, in principle, to be produced, in each case matched to the

available dimensions of the button cell housing into which the stack is intended to be installed.

This ensures optimum utilization of the available area within the housing.

[0005] By virtue of the design, however, various problems also occur in the case of button

cells which contain such stacks of electrode-separator assemblies. On the one hand, it is

necessary, of course, for the electrodes of the same polarity each to be connected to one another

Within the stack, and then each to make contact With the corresponding pole of the button cell

housing. The required electrical contacts result in material costs, and the space occupied by

them is, furthermore, no longer available for active material. In addition, the production of the

electrode stacks is complicated and expensive since faults can easily occur when the assemblies
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make contact with one another, increasing the scrap rate. On the other hand, it has been found

that button cells having a stack of electrodes and separators very quickly start to leak.

[0006] Traditionally, button cells have been closed in a liquid—tight manner by beading the

cdgc of thc ccll cup ovcr thc edge of thc ccll top in conjunction with a plastic ring, which is

arranged between the cell cup and the cell top and at the same time acts as a sealing element and

for electrical insulation of the cell cup and of the cell top. Button cells such as these are

described, for example, in DE 31 13 309.

[0007] However, alternatively, it is also possible to manufacture button cells in which the

cell cup and the cell top are held together in the axial direction exclusively by a force-fitting

connection, and which do not have a beaded—over cup edge. Button cells such as these and

methods for their production are described in the—still—unpublished—German [[p]]Batent

[[a]]Application Mth—the—fi-le—referenee—IO 2009 017 514[[.8]]. irrespective of the various

advantages which button cells such as these without beading may have, they can, however, not

be loaded as heavily in the axial direction as comparable button cells with a beaded—over cup

cdgc, in particular with rcspcct to axial mcchanical loads which arc causcd in thc interior of the

button cell. For example, the electrodes of rechargeable lithium-ion systems are continually

subject to volume changes during charging and discharging processes. The axial forces which

occur in this case can, of course, lead to leaks more readily in the case of button cells without

beading than in the case of button cells with beading.

[0008] ' It could therefore be 

helpful to provide a button cell in which the problems mentioned above do not occur, or occur

only to a greatly reduced extent. In particular, it could be helpful to provide a button cell that is

JLab/Cambridge, Exh. 1002, p. 42



JLab/Cambridge, Exh. 1002, p. 43

resistant to mechanical loads which occur in the axial direction than conventional button cells, in

particular even when they are manufactured as button cells without a beaded-over cup edge.

 
Sumfl

[0010] We provide a button cell including a housing cup and a housing top separated from
 

one another by an electrically insulating seal and which form a housing with a flat bottom area

and a flat top area parallel to it, and an electrode-separator assembly Within the housing including
 

at least one positive and at least one negative electrode in the form of flat layers and connected to

one another by at least one flat separator, wherein the electrode layers are aligned essentially at
 

right angles to the flat bottom and top areas and the button cell is closed without being beaded

OVCI'. 

[0011] We also provide a method for producing the button cell including inserting an

electrode-separator assembly with electrodes in the form of a flat layer into the housing such that

the electrode layers are aligned essentially at right angles to the flat bottom and top areas:

wherein the housin includes a metallic cu, ,art and a metallic to art.
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Brief Description of the Drawings

[0012] Fig. 1 schematically illustrates the cross section through one preferred example of a
 

button cell.

[0013] Fig. 2 illustrates the effect of heat treatment of a wound-up electrode-separator
 

assembly, which is used in preferred examples of our method.

[0014] Fig. 3 shows an electrode-separator assembly in the form of a winding, as can be

installed in a button cell.

[0015] Fig. 4 shows a section illustration of a further preferred example of a button cell.

[0016] Fig. 5 schematically illustrates the cross section through one preferred example of a

button cell in which the edge of the cell cup is not beaded over the edge of the cell cop.

Detailed Description

[0017] [[A]]% button cell aeeerd—iflg—te—the—irwefltien—ahyafi—comprises two metallic

housing half—partSfiVLhieh—are separated from one another by an electrically insulating seal and

form a housing with a flat bottom area and a flat top area parallel to it. As already mentioned

initially, the two housing half-parts are generally a so-called :housing cup: and a :housing top:

In particular, parts composed of nickel-plated steel or metal sheet are preferred as housing half-

parts. Furthermore, trimetals, for example, with the sequence of nickel, steel (or stainless steel)

and copper (with the nickel layer preferably forming the outer layer and the copper layer

preferably forming the inside of the button cell housing) are particularly suitable for use as the

metallic material.

[0018] By way of example, an inj ection-molded or film seal can be used as a seal. The latter

are described, for example, in DE 196 47 593.
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[0019] Within the housing, a button cell aeeoreling—te—the—inventien—comprises an electric-

separator assembly with at least one positive and at least one negative electrode. These are each

in the form of flat electrode layers. The electrodes are connected to one another via a flat

separator. The electrodes are preferably laminated or adhesively bonded onto this separator.

The electrodes and the separator generally each have thicknesses only in the um range. In

general, a porous plastic film is used as the separator.

[0020] In contrast to the button cells mentioned initially, [[the]]o_ur button cell according—to

the—inventien—is distinguished in particular by the electrode layers having a very particular

orientation, specifically being aligned essentially at right angles to the flat bottom and top areas.

While button cells known from the prior art with stacked electrode—separator assemblies always

contain these assemblies inserted flat[[,]] such that the electrode layers are aligned essentially

parallel to the flat bottom and top areas, the situation in [[a]]w button cell aeeerd—ing—te—t—he

invention—is the opposite of this.

[0021] The right-angled alignment of the electrode layers has an unexpectedly considerable

advantage, specifically because it has been found that this alignment results in a considerable

improvement in the sealing characteristics of [[a]]w button cell—aeeerdng—te—the—inventien,

particularly for button cells based on lithium-ion systems. The electrodes of rechargeable

lithium-ion systems are continually subject to volume changes during charging and discharging

processes. Volume changes such as these also occur, of course, in the electrodes of [[a]]fl

button cell—aeeerding—te—the—inventien. However, the mechanical forces which are created during

this process no longer act primarily axially, as in the case of a stack of electrode—separator

assemblies which are inserted flat. Because of the right-angled alignment of the electrodes, they
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in fact act radially. Radial forces can be absorbed very much better than axial forces by the

housing of a button cell. The improved sealing characteristics are presumably a result of this.

[0022] Particularly preferably, the electrodes and the flat separator of [[a]]o_ur button cell

aeeerding—te—the—inventien—arc each in the form of strips or ribbons. By way of example, the

production of [[a]]w button cell aeeerding—te—t—he—inventien—can be based on a separator material

in the form of an endless ribbon, onto which the electrodes are applied, in particular laminated,

once again in particular in the form of strips or at least rectangles.

[0023] In the housing of [[a]]w button cell—aeeerding—te—the—inventien, this assembly is

particularly preferably in the form of a winding, in particular in the form of a spiral winding.

Windings such as these can be produced very easily using known methods (see, for example1 DE

36 38 793), by applying the electrodes flat, in particular in the form of strips, to a separator

which is in the form of an endless ribbon, in particular by laminating them on. ln this case, the

assembly comprising electrodes and separators is generally wound onto a so-called ‘_‘winding

mandrel: Once the winding has been removed from the winding mandrel an axial cavity

remains in the center of the winding. This allows the winding to expand into this cavity, if

necessary. However, in some circumstances, this can lead to problems in making electrical

contact between the electrodes and the metallic housing half-parts, and this will be described in

more detail in the following text.

[0024] The electrode winding is preferably arranged within a button cell aeeerding—te—the

invention—(Mg that the electrode layers of the winding are aligned at right angles to the flat

bottom area and top area of the housing)[[,]] such that the end faces of the winding face in the

direction of the flat bottom area and of the flat top area.
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 [0025] Preferably, our

button cells aeeerding—te—t—he—inventien—have a fixed winding core in the center of the winding,

which at least partially fills the axial cavity in the center of the winding. A winding core such as

this fixcs thc clcctrodc winding in the radial direction and prevents possiblc implosion of the

winding into the axial cavity. When the winding expands in this way, this also results in the

reduction in the pressure which the end faces of the winding exert in the axial direction, and

therefore in the direction of output conductors which may be arranged there (this is described in

more detail further below). If this is prevented, then there are generally also no problems with

making electrical contact between the electrodes and the metallic housing half-parts.

[0026] In addition, a winding core such as this also makes the button cell aeeording—te—the

invention—more robust against external mechanical influences. In general, it is no longer possible

for the electrode winding in the button cell to be damaged by external mechanical pressure in the

axial direction.

[0027] Aeeerding—te—flie—prefefied—eflfleedifiith—eflreferably, the electrode winding [[as]]i_s a

spiral clcctrodc winding, the axial cavity which has been mentioned in the center of the winding

is preferably essentially cylindrical (in particular circular-cylindrical). On the casing side, it is

bounded by the winding, and at the end it is bounded by corresponding surfaces of the bottom

area and of the top area of the button cell housing.

[0028] Correspondingly, the winding core which is contained in [[3]]M button cell

aeeerding—te—the—inventien—is preferably also in the form of a cylinder, in particular a hollow

cylinder. The height of a cylinder such as this preferably corresponds to the respective distance

between the flat bottom area and the flat top area, which is parallel to it.
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[0029] l-n—partieularly—preferred—embed-imentsParticularly preferably, the winding core may

have radially self-expanding characteristics. For example, it is possible for the winding core to

be inserted in a radially compressed configuration into the axial cavity in the winding of a button

cell—aeeerd-ing—te—the—invention. When the radially compressed winding core expands, it exerts a

radial pressure on the electrode winding surrounding it, thus ensuring a contact pressure in the

axial direction as well.

[0030] By way of example, an axially slotted hollow cylinder may be used as a radially self-

expanding winding core. However, alternatively, it is also conceivable to use other radially self—

expanding materials, for example, based on plastic.

[0031] Particularly preferably, the winding core is composed of a metal such as stainless

steel or plastic.

[0032] Particularly preferably, the assembly comprising electrodes and a separator in [[a]]o_ur

button cell aeeerding—te—the—inventien—has one of the following layer sequences:

[[0]] negative electrode/separator/positive electrode/separator

or

[[0]] positive electrode/separator/negative electrode/separator.

[0033] Assemblies such as these can be produced and wound very easily without short

circuits occurring between electrodes of opposite polarity.

[0034] The separators which can be used in [[a]]M button cell aeeerding—te—the—inventien

are preferably films composed of at least one plastic, in particular of at least one polyolefin. By

way of example, the at least one polyolefin may be polyethylene. However, it is also possible to

use multilayer separators, for example, separators composed of a sequence of different polyolefin

layers, for example, with the sequence polyethylene/polypropylene/polyethylene.
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[0035] lt is not essential to use a plurality of separate separators i-n—order—to produce

assemblies with the abovementioned sequence. In fact, a separator can also be looped around the

end of one of the electrodes, thus resulting in both sides of this electrode being covered by the

separator.

[0036] The separators which can preferably be used in [[a]]w button cell aeeerdng—te—the

invention—preferably have a thickness of between 3 um and 100 um, in particular of between 10

um and 50 um.

[0037] The electrodes of a button eel-l aceerd'tng te the inventien—preferably have a thickness

 

of between 10 um and 1000 um, in particular ofbetween 30 um and 500 um.

 

[0038] l—n—prefetred—embediments of a button eel-l aceetdifig to the inventieHPreferably, the

negative electrode and the positive electrode in the electrode-separator assembly are arranged

offset with respect to one another within the assembly. ln this case, an offset arrangement is

intended to mean that the electrodes are arranged such that this results in a respectively different

separation between the electrodes and the flat bottom and top areas in the button cell—aeeerd—ing

te—the—inventien. In the simplest case, for example, a positive and a negative electrode can be

slightly offset as strips of the same width applied to the opposite sides of a separator ribbon, as a

result of which the distance between the positive electrode and the upper separator edge is

greater than the comparable distance measured from the negative electrode. This then applies in

the opposite sense, of course, to the distance from the lower separator edge.

[0039] l—n—pattieul—atlyhpteferted—embedimentsParticularly preferably, preferably as a result of

this offset arrangement, the positive electrode, in particular an edge of the positive electrode,

rests directly on the cup part, in particular in the flat bottom area of the cup part, while the

negative electrode, in particular an edge of the negative electrode, rests directly on the top part,
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in particular in the flat top area of the top part. In this embed-imentexample, a direct electrical

and mechanical contact is made between the electrodes and the cup and top parts. The offset

arrangement of the electrodes with respect to one another therefore makes it possible for the

electrodes to make contact with the respective housing parts, without any need to use additional

electrical contacts and connecting means.

[0040] However, in—alternativepreferred—embedimentsaltematively, it is also preferable for at

least one of the electrodes, preferably both the at least one negative electrode and the at least one

positive electrode[[,]] in [[a]]m button cell—aeeording—to—the—inventien, to be connected to the

flat bottom and top areas via one or more output conductors. By way of example, the output

conductors may be output—conductor lugs composed of copper or some other suitable metal. On

the electrode side, the output conductors may, for example, be connected to a current collector.

The output conductors can be connected to the housing and/or to the current collectors by, for

example, welding or via an clamped joint.

[0041] In the simplest case, the current collectors of the positive and negative electrodes can

also themselves act as output conductors. Collectors such as these are generally metallic films or

meshes which are embedded in the respective electrode material. Uncovered subareas, in

particular end pieces, of collectors such as these can be bent around and can be brought into

contact with the button cell housing.

[0042] The use of output conductors may be particularly advantageous if the negative

electrode and the positive electrode within the assembly are arranged with respect to one another

such that this results in the electrodes each being at the same distance from the flat bottom and

top areas. Or, in other words, if the electrodes are not arranged offset with respect to one another

within the electrode—separator assembly, as has been described above.
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[0043] However, if the distance between electrodes of opposite polarity and the flat bottom

and top areas is the same, this results in the risk of a positive and a negative electrode touching

the metallic cup or top part at the same time, thus resulting in a short circuit. Iii—preferred

embedimentsPrcfcrably, the button cell eeeefd-ing—te—the—inventien—may therefore comprise at

least one insulating means, which prevents a direct mechanical and electrical contact between the

end faces of the winding and the flat bottom and top areas.

[0044] In one development, it is preferable for the electrodes in [[a]]w button cell aeeerding

te—the—inventien—such as this to be connected via the already mentioned separate output

conductors to the flat bottom and top areas. These ensure the electrical contact between the

electrodes and the housing.

[0045] In this case, it is preferable for at least a subsection of the output conductor or

conductors in the bottom area and in the top area of the housing to rest flat on the inside of the

housing half-parts. Ideally, the output conductors naturally make electrical contact with the

insides of the housing when they are at least slightly pressed against the housing (if they are not

welded to it in any case). This can be achieved surprisingly efficiently by a suitable arrangement

of the winding core that has been mentioned, in [[a]]w button cell—aeeerdng—te—the—inventien.

[0046] By way of example, the insulating means may be a flat layer composed of plastic, for

example1 a plastic film, which is arranged between the end faces of the winding and the flat

bottom and top areas of the housing of [[a]]fl button cellaeeerding—te—the—inventien.

[0047] Corresponding to the above statements, the button cell aeeerding—te—t—he—inventien—is,

in particular, a rechargeable button cell. [[A]]% button cell aeeerdng—te—the—ifiventien

particularly preferably has at least one lithium-intercalating electrode.
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[0048] The ratio of the height to the diameter of button cells is, by definition, less than 1.

For [[a]]M button cell—aeeerding—te—t—he—i-nventien, this ratio is particularly preferably between

0.1 and 0.9, in particular between 0.15 and 0.7. In this case, the height means the distance

between the flat bottom area and the flat top area parallel to it. The diameter means the

maximum distance between two points on the casing area of the button cell.

[0049] The button cell aeeerdmg—to—the—invention—is particularly preferably a button cell

which is not beaded over, as is described in the—patent—appl—reatien—xfith—the—file—refereneefl

Patent Application 10 2009 017 514.8, Weh—has—already—been—mentioned in—the

hatreduetienabove. Correspondingly, there is preferably an exclusively force-fitting connection
 

between the housing half-parts. Therefore, [[the]]w button cell aeeerdifig—te—the—ifiventieH—does

not have a beaded-over cup edge, as is always the case with known button cells—knewn—frem—t-he
 

prior—art. The button cell is closed without being beaded over.

[0050] Button cells such as these which are not beaded over generally make use of

conventional cell cups and cell tops, which each have a bottom area and a top area, a casing area,

an edge area which is arranged between the bottom and top areas and the casing area, and a cut

edge. Together, the cell cup and cell top form a housing, which forms a receptacle for the

conventional internal components of a button cell, such as electrodes, separator [[etc]]and the
 

E. As in the normal way, the bottom area of the cell cup and the top area of the cell top are

aligned essentially parallel to one another in this housing. The casing areas of the cell cup and

cell top in the finished button cell are aligned essentially at right angles to the bottom and top

areas, and preferably have an essentially cylindrical geometry. The internal and external radii of

the cell cup and cell top are preferably essentially constant in the casing areas. The edge areas,

which have been mentioned, of the cell cup and cell top form the transition between the casing
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areas and the top and bottom areas. They are preferably therefore bounded on the one hand by

essentially flat bottom and top areas, and on the other hand by the essentially cylindrical casing

areas, which are arranged at right angles to them. By way of example, the edge areas may be in

the form of a sharp edge, or else may be rounded.

[0051] The procedure for producing a button cell which is not beaded over is generally to

first of all apply a seal to the casing area of a cell top. In a further step, the cell top is then

inserted, with the seal fitted, into a cell cup thus resulting in an area in which the casing areas of

the cell cup and cell top overlap. The size of the overlap area and the ratio of the overlapping

area to the non-overlapping areas are in this case governed by the respective height of the casing

areas of the cell cup and cell top, and by the depth of the insertion. With regard to the casing

area of the cell top, it is preferable for between 20% and 99%, in particular between 30% and

99%, particularly preferably between 50% and 99%, to overlap the casing area of the cell cup

(the percentages each relate to the height of the casing or of the casing area). Before being

inserted into the housing cup and/or the housing top, the other conventional components of a

button cell (electrodes, separator, electrolyte etc—.and the like) are inserted. After the cell top has

been inserted completely into the cell cup a pressure is exerted on the casing area of the cell cup,

in particular in the area of the cut edge, in—erder—to seal the housing. In this case, a joined-

together housing part should as far as possible not be subjected to any loads, or only to very

small loads, in the axial direction. Therefore, the pressure is applied in particular radially. Apart

from the sealing of the housing which has already been mentioned the external diameter of the

cell housing can therefore also be calibrated.

[0052] It is particularly important for the heights of the casing areas of the cell cup and cell

top to be matched to one another such that the cut edge of the cell cup is pressed against the
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casing area of the cell top by the pressure on the casing area of the cell cup. The heights of the

casing areas are therefore preferably chosen such that it is impossible to bend the cut edge of the

cell cup around inward over the edge area of the cell top which has been completely inserted into

the ccll cup. Corrcspondingly, thc cdgc of the cell cup is not headed over the edge arca of the

cell top. In consequence, the cell cup of a button cell manufactured using [[the]]m method

aeeerdng—te—the—inventien—has a casing area with an essentially constant radius in the direction of

the cut edge.

[0053] In the case of button cells produced using a method such as this, there is preferably an

exclusively force-fitting connection between the housing components comprising the cell cup,

the cell top and the seal. This ensures that the components are therefore held together in a

preferred manner, essentially only by static-friction force.

[0054] Button cells without any beading over are particularly preferably produced using a

cell cup which is conical at least in one subarea of its casing, such that at least its internal

diameter increases in the direction of the cut edge. This makes it considerably easier to insert the

cell top into the cell cup. The dimensions of thc ccll cup and cell top are preferably matched to

one another such that relatively large opposing forces preferably do not occur until the top has

been inserted virtually completely into the cup. The cone angle in this case is preferably

between 10 minutes and 3°, in particular between 30 minutes and 1° 30 minutes.

[0055] The cell top, which is inserted into the cell cup with the applied seal, is preferably

cylindrical, at least in a part of the casing arearin—preferred—embediment-s. This may relate in

particular to that part of the casing area which overlaps the conical subarea of the cell cup casing

that has been mentioned, after the cell top has been inserted into the cell cup. The casing of the

cell top, and therefore also the casing area, is particularly preferably entirely cylindrical. The
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cell top therefore preferably has a constant external radius in the casing area. This may relate in

particular to that part which overlaps the conical part of the casing area of the cell cup after the

cell top has been inserted.

[0056] When a cell top with a cylindrical casing area is being inserted into a cell cup which

is conical at least in one subarea of its casing, as has been described above, a gap which is open

at the top is generally created between the cell cup and the cell top. This gap is generally closed

again by the pressure on the casing area of the cell cup. Thus, the pressure on the casing area of

the cell cup may be chosen such that the conical part of the casing area of the cell cup is pushed

inward until the inside of the cell cup and the outside of the cell top are essentially at the same

distance from one another in the overlapping area. The resultant button cell has casing areas

which are aligned parallel to one another, in particular in the overlapping area.

[0057] One important aspect in this case is the choice of the seal which connects the cell cup

to the cell top. The seal is preferably a plastic seal which connects the cell cup to the cell top.

The seal is preferably a plastic seal composed of a thermoplastic.

[0058] The plastic seal is particularly preferably a film seal, for example; as is described in

the—already cited DE 196 47 593, in particular a film seal composed of a thermoplastic.

[0059] Film seals can be produced with a very uniform thickness. When a suitable pressure

is applied to the casing area of the cell cup, this results in an interference fit, as a consequence of

which the button cell that has been produced has highly excellent sealing characteristics. Net

leastrtlaeT—he use of film seals makes it possible to dispense with the edge of the cell cup being

beaded over without this on the other hand resulting in a need to accept disadvantages in other

important characteristics.
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[0060] lt is very particularly preferable to use plastic seals, in particular plastic films, based

on polyamide or based on polyether ether ketones in the present case.

[0061] It is preferable for the seal for a cell which is not beaded over to have an initial

thickness in the range between 50 um and 250 um, particularly preferably between 70 um and

150 um, in particular about 100 um. The term “initial thickness” is in this case intended to mean

the thickness of the seal before it is applied to the casing of the cell top. In contrast to this, the

term “final thickness” is intended to mean the thickness of the seal in the finished cell. It is clear

that, at least in the overlapping area, this generally corresponds to the distance between the inside

of the cell cup and the outside of the cell top.

[0062] ln—erdefiefl allow a sufficiently large amount of friction to be produced between the

cell cup and the cell top, both the external and internal radii of the cup and top should be

matched to one another and to the thickness of the film seal. This is the only way to create a

sufficiently high contact pressure to hold the two individual parts together. It is preferable for

the parts used in this case for the difference between the external radius of the cell top, which is

to be inserted into the cell cup, on the cut edge of the cell top and the smallest internal radius of

the cell cup in that part of the casing area which overlaps the casing area of the cell top to be less

than the initial thickness of the seal that is used. The difference is particularly preferably

between 10% and 90% of the initial thickness, in particular between 30% and 70%, and very

particularly preferably about 50%.

[0063] After the cell top has been inserted into the cell cup, a part of the casing area of the

cell cup can be drawn radially inward. In particular, this relates to that part of the casing area

which does not overlap the casing area of the cell top.
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[0064] lt has been found that this process of drawing in radially makes it possible to achieve

considerably better sealing characteristics. Drawing in the cup casing results in a radial pressure

being exerted on the edge section which rests on the inner wall of the housing cup and on the

seal which is arranged between the housing top and the housing cup, with the seal in

consequence being compressed in this area.

[0065] The drawing-in process can be carried out at the same time as the already mentioned

exertion of pressure on the casing area of the cell cup, although the drawing-in process is

preferably carried out in a subsequent, separate step.

[0066] [[The]]@ method aeeerel-ing—te—t-he—inventien—for producing a button cell can be used

in particular to produce button cells as have been described above, that is to say button cells

having a housing with a flat bottom area and a flat top area parallel to it. It is suitable for pro-

ducing not only button cells which are not beaded over, but also for those which are beaded over.

[0067] With respect to the preferred embedimentsexamples of the individual components

which are used in [[the]]o_ur method aeeerel—ing—te—t—he—inventien—(housing parts and dimensions,

electrodes, separator etaand the like), reference can therefore be made to the above statements

and explanations in their entirety.

[0068] In general, the housing is assembled from a metallic cup part (housing cup) and a

metallic top part (housing top), With an electrode-separator assembly with electrodes in the form

of a flat layer being inserted into the housing such that the electrodes are aligned at right angles

to the flat bottom area and top area.

[0069] As already mentioned, the electrode—separator assembly is preferably installed in the

form of a Winding, in particular a spiral winding.
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[0070] In general, [[the]]M method aeeerd-i-ng—to—the—i-nventien—always comprises the

following steps:

[[0]] insertion of the winding into the metallic top part, and

[[0]] insertion of the metallic top part with the winding into a metallic cup part.

[0071] The edge of the cup part is then optionally beaded over the edge of the top part.

[0072] When a button cell which is not beaded over is produced, the corresponding steps as

described above are carried out.

[0073] Before the housing is closed, the electrodes are normally also impregnated with

electrolyte solution.

[0074] For the insertion process, the winding is preferably rolled up on a winding mandrel.

After or during the insertion process, the winding mandrel can then be removed. If required, the

winding core that has been mentioned above is then inserted. Alternatively, the electrode-

separator assembly can also be wound directly onto a core such as this.

[0075] The spiral winding is particularly preferably heat-treated on its end faces before being

installed. In this case, it is at least briefly subjected to a temperature at which the separator in the

winding is thermoplastically deformable. In general, the separator projects somewhat on the end

faces of the winding, and this is itself subject to the precondition that the electrodes are arranged

with the offset with respect to one another, as described above. The heat treatment allows the

separator to be shrunk together somewhat, therefore, if required, even exposing the edge of an

adjacent electrode, such that this can rest directly on the button cell housing.

[0076] The stated advantages and further advantages ethhe—inventien—will become evident

from the description which now follows of the drawings—in—eenjufietien—With—the—dependent

el-aims. In this case, the—individual features efthe—inventien—may be implemented on their own or
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in combination with one another. The described embed-imentsexamples are intended only for

explanation and £er—better understanding—etlthe—inventien, and should in no way be understood as

being restrictive.

  
[0082] Fig[[ure]]; 1 schematically illustrates the cross section through one preferred

embedimentexample of a button cell 100%eerding—te—the—inyentien. This has a metallic cup part

101 and metallic top part 102. The two parts are connected to one another, sealed by means of a

seal 109. Together, they form a housing with a flat bottom area 103 and a flat top area 104

parallel to it. When in use, these flat areas 103 and 104 form the poles of the button cell, from

which current can be drawn by a load. The edge 1 10 of the cell cup 101 is beaded inward over

the edge of the cell top 102.
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[0083] An arrangement comprising an electrode 105 in the form of a strip, an electrode 106

in the form of a strip, and the separators 107 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 105 and 106 as well as the separators 107 is

in this case in the form of a winding, whose end faces abut against the flat bottom area 103 and

the flat top area 104, which is parallel to it. The assembly is wound up on the core 108 in the

center of the button cell 100. Both the core 108 as well as the electrodes and separators which

are wound around it are aligned at right angles to the flat bottom and top areas 104 and 103.

When the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 100.

[0084] It should be stressed that the positive electrode 105 and the negative electrode 106

respectively rest directly on the cup part 101 and on the top part 102 of the button cell 100.

There is no need for a separate output conductor for connecting the electrodes to the top part 102

and to the cup part 101.

[0085] Fig[[urc]], 2 shows the effect of the heat treatment of an electrode-separator winding

200, which is provided in preferred embedimentsexamples of the method aeeerd—iflg—te—t-he

invention—for producing a button cell. The illustration schematically shows a winding 200

comprising an assembly of a positive electrode 201 (bar with cross strips), a negative electrode

202 (white bar) and the separators 203 (detail). The positive and the negative electrodes 201 and

202 are in each case arranged offset with respect to one another. The separators 203 are

composed of a therrnoplastically deformable material.

[0086] When the separator edges which are located on the end faces 204 and 205 of the

winding 200 are subjected to a high temperature (for example, of 250°C, as illustrated), then
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these separator edges shrink. The separators are drawn in at least partially between adjacent

electrodes. In the process, the edges of the negative electrode 202 are exposed on the end face

204, while the edges of the positive electrode 201 are covered. The edges of the positive

electrode 201 on the end face 205 are exposed, while the edges of the negative electrode 202 are

covered.

[0087] When a winding that has been treated in this way is in use, this ensures that electrodes

of the same polarity can each rest directly only on the housing cup or on the housing top. There

is no need for separate electrical connections between the electrodes and the housing parts.

[0088] Fig[[ure]]; 3 shows an electrode-separator assembly for button cells aeeerding—te—t—he

inventionrin the form of a winding 300, with the illustration A depicting a plan view vertically

from above at one of the end faces 301 of the winding 300, while the illustration B shows the

winding 300 in a view obliquely from above. In both cases, this shows that the assembly

comprises two layers; separators 302 and 303 as well as two electrode layers 304 and 305 (a

positive and a negative electrode). The assembly is wound up in a spiral shape and is held

together by an adhesive tape 306 on its outside.

[0089] Fig[[ure]]; 4 shows a sectioned illustration of one preferred embedimentwrflj of a

button cell 400—aeeerding—te—the—inventien. The figure shows the housing of the button cell

comprising the cup part 401 and the top part 402, between which the seal 403 is arranged. An

assembly of electrodes and separators, as is illustrated in Fig[[ure]]; 3, is contained as a spiral

Winding 404 (illustrated schematically in the cross section) within the housing. The separator

layers 405 and 406 as well as the electrodes 407 and 408 of opposite polarity can also be seen

well here. In this case, the electrode 407 is connected via the output conductor 410 to the top

part 402, while the electrode 408 is connected via the output conductor 409 to the cup part 402.
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The output conductor 410 is preferably welded to the top part 402. In contrast, the output

conductor 409 is connected to the cup part 402 via a clamping connection (it is clamped

inbetween the supporting ring 413, on which the edge of the cell top rests, and the bottom of the

cell cup). The insulating means 411 and 412 are arranged between the end faces of the winding

and the cup part 401 and the top part 402, and are each in the form of thin plastic disks. This

prevents electrodes of opposite polarity from being able to come into contact with the cup part

401 or the top part 402 at the same time. This prevents any short circuit.

[0090] Fig[[ure]]; 5 schematically illustrates the cross section through one preferred

embedirnentmm of a button cell 500—aeeerd-ing—te—the—inventien.

[0091] This button cell 500 has a metallic cup part 501 and a metallic top part 502. The two

parts are connected to one another, sealed by means of a seal 510. Together, they form a housing

with a flat bottom area 503 and a flat top area 504 parallel to it. When in use, these flat areas 503

and 504 form the poles of the button cell, from which current can be drawn by a load.

[0092] The cell top 502 is inserted into the cell cup 501 such that the casing areas of the cell

top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping

area being essentially constant in the direction of the cut edge. Therefore, the edge of the cell

cup 501 is not beaded over the edge 511 of the cell top 502, and the preferred embedimentg

@1313 described above for a button cell 500 aeeerding—te—t—he—inventien—is therefore a button cell

which is not beaded over.

[0093] An assembly comprising an electrode 508 in the form of a strip, an electrode 509 in

the form of a strip and separators 507 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 508 and 509 as well as the separators 507 is

in this case in the form of a winding, whose end faces face in the direction of the flat bottom area
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503 and of the flat top area 504 which is parallel to it. The assembly is wound up on the winding

core 512 in the center of the button cell 500. Both the core 512 and the electrodes and separators

which are wound around it are aligned at right angles to the flat bottom and top areas 504 and

503. If the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 500.

[0094] The positive and the negative electrodes make contact With the housing half-part

comprising the cup and top via the output conductor 505 and the output conductor 506. The

output conductor 505 is composed of aluminum, and the output conductor 506 is composed of

nickel (or alternatively of copper). Both output conductors are thin films, which rest flat

between the end faces of the winding and the flat top and bottom areas 503 and 504. A

continuous slight contact pressure is maintained on the output conductors by the winding core

512. The output conductors are preferably separated from the end faces of the winding by a

separate insulator arrangement (not illustrated in the drawing), for example, by a thin film.
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SUBSTITUTE SPECIFICATION Clean C0 

BUTTON CELLS AND METHOD FOR PRODUCING SAME

Related Applications

[0001] This is a §37l of International Application No. PCT/EP2010/000787, with an inter-

national filing date of February 9, 2010 (WO 2010/089152 A1, published August 12, 2010),

which is based on German Patent Application Nos. 10 2009 008 859.8, filed February 9, 2009,

10 2009 030 359.6, filed June 18, 2009, and 10 2009 060 788.9, filed December 22, 2009, the

subject matter of which is incorporated by reference.

Technical Field

[0002] This disclosure relates to button cells comprising two metallic housing half-parts

separated from one another by an electrically insulating seal and which form a housing with a

flat bottom area and a flat top area parallel to it, as well as within the housing, an electrode-

separator assembly comprising at least one positive and at least one negative electrode, which are

in the form of flat layers and are connected to one another by at least one flat separator, and to a

method for producing such button cells.

Background

[0003] Button cells normally have a housing consisting of two housing half-parts, a cell cup

and a cell top. By way of example, these may be produced from nickel—plated deep—drawn metal

sheet as stamped and drawn parts. The cell cup normally has positive polarity, and the housing

top negative polarity. The housing may contain widely differing electrochemical systems, for
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example, zinc/MnOz, primary and secondary lithium systems, or secondary systems such as

nickel/cadmium or nickel/metal hydride.

[0004] By way of example, rechargeable button cells based on nickel/metal hydride or

lithium-ion systems are in widespread use. In the case of lithium-ion button cells, the

electrochemically active materials are normally not arranged within the button cell housing in the

form of individual electrodes, in the form of tablets, separated from one another by a separator.

Instead, prefabricated electrode-separator assemblies are preferably inserted flat into the housing.

In that case, a porous plastic film is preferably used as a separator, onto which the electrodes are

laminated or adhesively bonded flat. The entire assembly comprising the separator and the

electrodes generally have a maximum thickness of a few hundred urn. To allow button cell

housings of normal dimensions to be filled, a plurality of such assemblies are therefore

frequently placed flat one on top of the other. This allows stacks of any desired height, in

principle, to be produced, in each case matched to the available dimensions of the button cell

housing into which the stack is intended to be installed. This ensures optimum utilization of the

available area within the housing.

[0005] By virtue of the design, however, various problems also occur in the case of button

cells which contain such stacks of electrode-separator assemblies. On the one hand, it is

necessary, of course, for the electrodes of the same polarity each to be connected to one another

within the stack, and then each to make contact with the corresponding pole of the button cell

housing. The required electrical contacts result in material costs, and the space occupied by

them is, furthermore, no longer available for active material. In addition, the production of the

electrode stacks is complicated and expensive since faults can easily occur when the assemblies
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make contact with one another, increasing the scrap rate. On the other hand, it has been found

that button cells having a stack of electrodes and separators very quickly start to leak.

[0006] Traditionally, button cells have been closed in a liquid—tight manner by beading the

cdgc of thc ccll cup ovcr thc edge of thc ccll top in conjunction with a plastic ring, which is

arranged between the cell cup and the cell top and at the same time acts as a sealing element and

for electrical insulation of the cell cup and of the cell top. Button cells such as these are

described, for example, in DE 31 13 309.

[0007] However, alternatively, it is also possible to manufacture button cells in which the

cell cup and the cell top are held together in the axial direction exclusively by a force-fitting con-

nection, and which do not have a beaded—over cup edge. Button cells such as these and methods

for their production are described in German Patent Application 10 2009 017 514. Irrespective

of the various advantages which button cells such as these without beading may have, they can,

however, not be loaded as heavily in the axial direction as comparable button cells with a

beaded-over cup edge, in particular with respect to axial mechanical loads which are caused in

thc intcrior of the button ccll. For cxamplc, thc clcctrodcs of rcchargcablc lithium-ion systcms

are continually subject to volume changes during charging and discharging processes. The axial

forces which occur in this case can, of course, lead to leaks more readily in the case of button

cells without beading than in the case of button cells with beading.

[0008] It could therefore be helpful to provide a button cell in which the problems mentioned

above do not occur, or occur only to a greatly reduced extent. In particular, it could be helpful to

provide a button cell that is resistant to mechanical loads which occur in the axial direction than

conventional button cells, in particular even when they are manufactured as button cells without

a beaded—over cup edge.
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Summary

[0009] We provide a button cell including a housing cup and a housing top separated from

one another by an electrically insulating seal and which form a housing with a flat bottom area

and a flat top area parallel to it, and an electrode-separator assembly within the housing including

at least one positive and at least one negative electrode in the form of flat layers and connected to

one another by at least one flat separator, wherein the electrode layers are aligned essentially at

right angles to the flat bottom and top areas and the button cell is closed without being beaded

over.

[0010] We also provide a method for producing the button cell including inserting an

electrode—separator assembly with electrodes in the form of a flat layer into the housing such that

the electrode layers are aligned essentially at right angles to the flat bottom and top areas,

wherein the housing includes a metallic cup part and a metallic top part.

Brief Description of the Drawings

[0011] Fig. 1 schematically illustrates the cross section through one preferred example of a

button cell.

[0012] Fig. 2 illustrates the effect of heat treatment of a wound-up electrode-separator

assembly, which is used in preferred examples of our method.

[0013] Fig. 3 shows an electrode-separator assembly in the form of a winding, as can be

installed in a button cell.

[0014] Fig. 4 shows a section illustration of a fiirther preferred example of a button cell.

[0015] Fig. 5 schematically illustrates the cross section through one preferred example of a

button cell in which the edge of the cell cup is not beaded over the edge of the cell cop.
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Detailed Description

[0016] Our button cell comprises two metallic housing half-parts separated from one another

by an electrically insulating seal and form a housing with a flat bottom area and a flat top area

parallel to it. As already mentioned initially, the two housing half-parts are generally a so-called

“housing cup” and a “housing top.” In particular, parts composed of nickel-plated steel or metal

sheet are preferred as housing half-parts. Furthermore, trimetals, for example, with the sequence

of nickel, steel (or stainless steel) and copper (with the nickel layer preferably forming the outer

layer and the copper layer preferably forming the inside of the button cell housing) are

particularly suitable for use as the metallic material.

[0017] By way of example, an injection-molded or film seal can be used as a seal. The latter

are described, for example, in DE 196 47 593.

[0018] Within the housing, a button cell comprises an electric—separator assembly with at

least one positive and at least one negative electrode. These are each in the form of flat electrode

layers. The electrodes are connected to one another via a flat separator. The electrodes are

preferably laminated or adhesively bonded onto this separator. The electrodes and the separator

generally each have thicknesses only in the um range. In general, a porous plastic film is used as

the separator.

[0019] In contrast to the button cells mentioned initially, our button cell is distinguished in

particular by the electrode layers having a very particular orientation, specifically being aligned

essentially at right angles to the flat bottom and top areas. While button cells known from the

prior art with stacked electrode—separator assemblies always contain these assemblies inserted

flat such that the electrode layers are aligned essentially parallel to the flat bottom and top areas,

the situation in our button cell is the opposite of this.
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[0020] The right—angled alignment of the electrode layers has an unexpectedly considerable

advantage, specifically because it has been found that this alignment results in a considerable

improvement in the sealing characteristics of our button cell, particularly for button cells based

on lithium-ion systems. The electrodes of rechargeable lithium-ion systems are continually

subject to volume changes during charging and discharging processes. Volume changes such as

these also occur, of course, in the electrodes of our button cell. However, the mechanical forces

which are created during this process no longer act primarily axially, as in the case of a stack of

electrode-separator assemblies which are inserted flat. Because of the right—angled alignment of

the electrodes, they in fact act radially. Radial forces can be absorbed very much better than

axial forces by the housing of a button cell. The improved sealing characteristics are presumably

a result of this.

[0021] Particularly preferably, the electrodes and the flat separator of our button cell are each

in the form of strips or ribbons. By way of example, the production of our button cell can be

based on a separator material in the form of an endless ribbon, onto which the electrodes are ap—

plied, in particular laminated, once again in particular in the form of strips or at least rcctanglcs.

[0022] In the housing of our button cell, this assembly is particularly preferably in the form

of a winding, in particular in the form of a spiral winding. Windings such as these can be

produced very easily using known methods (see, for example, DE 36 38 793), by applying the

electrodes flat, in particular in the form of strips, to a separator which is in the form of an endless

ribbon, in particular by laminating them on. In this case, the assembly comprising electrodes and

separators is generally wound onto a so—called “winding mandrel.” Once the winding has been

removed from the winding mandrel an axial cavity remains in the center of the winding. This

allows the winding to expand into this cavity, if necessary. However, in some circumstances,
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this can lead to problems in making electrical contact between the electrodes and the metallic

housing half-parts, and this will be described in more detail in the following text.

[0023] The electrode winding is preferably arranged within a button cell (so that the

electrode layers of the winding are aligned at right angles to the flat bottom area and top area of

the housing) such that the end faces of the winding face in the direction of the flat bottom area

and of the flat top area.

[0024] Preferably, our button cells have a fixed winding core in the center of the winding,

which at least partially fills the axial cavity in the center of the winding. A winding core such as

this fixes the electrode winding in the radial direction and prevents possible implosion of the

winding into the axial cavity. When the winding expands in this way, this also results in the

reduction in the pressure which the end faces of the winding exert in the axial direction, and

therefore in the direction of output conductors which may be arranged there (this is described in

more detail firrther below). If this is prevented, then there are generally also no problems with

making electrical contact between the electrodes and the metallic housing half—parts.

[0025] In addition, a winding core such as this also makes the button cell more robust against

external mechanical influences. In general, it is no longer possible for the electrode winding in

the button cell to be damaged by external mechanical pressure in the axial direction.

[0026] Preferably, the electrode winding is a spiral electrode winding, the axial cavity which

has been mentioned in the center of the winding is preferably essentially cylindrical (in particular

circular-cylindrical). On the casing side, it is bounded by the winding, and at the end it is bound-

ed by corresponding surfaces of the bottom area and of the top area of the button cell housing.

[0027] Correspondingly, the winding core which is contained in our button cell is preferably

also in the form of a cylinder, in particular a hollow cylinder. The height of a cylinder such as
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this preferably corresponds to the respective distance between the flat bottom area and the flat

top area, which is parallel to it.

[0028] Particularly preferably, the winding core may have radially self-expanding

characteristics. For example, it is possible for the winding core to be inserted in a radially

compressed configuration into the axial cavity in the winding of a button cell. When the radially

compressed winding core expands, it exerts a radial pressure on the electrode winding

surrounding it, thus ensuring a contact pressure in the axial direction as well.

[0029] By way of example, an axially slotted hollow cylinder may be used as a radially self—

expanding winding core. However, alternatively, it is also conceivable to use other radially self-

expanding materials, for example, based on plastic.

[0030] Particularly preferably, the winding core is composed of a metal such as stainless

steel or plastic.

[0031] Particularly preferably, the assembly comprising electrodes and a separator in our

button cell has one of the following layer sequences:

negative electrode/separator/positive electrode/separator

or

positive electrode/separator/negative electrode/separator.

[0032] Assemblies such as these can be produced and wound very easily without short

circuits occurring between electrodes of opposite polarity.

[0033] The separators which can be used in our button cell are preferably films composed of

at least one plastic, in particular of at least one polyolefin. By way of example, the at least one

polyolefin may be polyethylene. However, it is also possible to use multilayer separators, for
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example, separators composed of a sequence of different polyolefin layers, for example, with the

sequence polyethylene/polypropylene/polyethylene.

[0034] It is not essential to use a plurality of separate separators to produce assemblies with

the abovemcntioned sequence. In fact, a separator can also be looped around the end of one of

the electrodes, thus resulting in both sides of this electrode being covered by the separator.

[0035] The separators which can preferably be used in our button cell preferably have a

thickness of between 3 um and 100 um, in particular of between 10 um and 50 um.

[0036] The electrodes preferably have a thickness of between 10 um and 1000 um, in

particular ofbetween 30 um and 500 um.

[0037] Preferably, the negative electrode and the positive electrode in the electrode—separator

assembly are arranged offset with respect to one another within the assembly. In this case, an

offset arrangement is intended to mean that the electrodes are arranged such that this results in a

respectively different separation between the electrodes and the flat bottom and top areas in the

button cell. In the simplest case, for example, a positive and a negative electrode can be slightly

offset as strips of the same width applied to the opposite sides of a separator ribbon, as a result of

which the distance between the positive electrode and the upper separator edge is greater than the

comparable distance measured from the negative electrode. This then applies in the opposite

sense, of course, to the distance from the lower separator edge.

[0038] Particularly preferably, preferably as a result of this offset arrangement, the positive

electrode, in particular an edge of the positive electrode, rests directly on the cup part, in

particular in the flat bottom area of the cup part, while the negative electrode, in particular an

edge of the negative electrode, rests directly on the top part, in particular in the flat top area of

the top part. In this example, a direct electrical and mechanical contact is made between the
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electrodes and the cup and top parts. The offset arrangement of the electrodes with respect to

one another therefore makes it possible for the electrodes to make contact with the respective

housing parts, without any need to use additional electrical contacts and connecting means.

[0039] However, altcrnativcly, it is also prcfcrablc for at least onc of thc clcctrodcs,

preferably both the at least one negative electrode and the at least one positive electrode in our

button cell, to be connected to the flat bottom and top areas via one or more output conductors.

By way of example, the output conductors may be output-conductor lugs composed of copper or

some other suitable metal. On the electrode side, the output conductors may, for example, be

connected to a current collector. The output conductors can be connected to the housing and/or

to the current collectors by, for example, welding or via an clamped joint.

[0040] In the simplest case, the current collectors of the positive and negative electrodes can

also themselves act as output conductors. Collectors such as these are generally metallic films or

meshes which are embedded in the respective electrode material. Uncovered subareas, in

particular end pieces, of collectors such as these can be bent around and can be brought into

contact with thc button ccll housing.

[0041] The use of output conductors may be particularly advantageous if the negative

electrode and the positive electrode within the assembly are arranged with respect to one another

such that this results in the electrodes each being at the same distance from the flat bottom and

top areas. Or, in other words, if the electrodes are not arranged offset with respect to one another

within the electrode-separator assembly, as has been described above.

[0042] However, if the distance between electrodes of opposite polarity and the flat bottom

and top areas is the same, this results in the risk of a positive and a negative electrode touching

the metallic cup or top part at the same time, thus resulting in a short circuit. Preferably, the but—
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ton cell may therefore comprise at least one insulating means, which prevents a direct mechan-

ical and electrical contact between the end faces of the Winding and the flat bottom and top areas.

[0043] In one development, it is preferable for the electrodes in our button cell such as this to

be connected via the already mentioned separate output conductors to the flat bottom and top

areas. These ensure the electrical contact between the electrodes and the housing.

[0044] In this case, it is preferable for at least a subsection of the output conductor or

conductors in the bottom area and in the top area of the housing to rest flat on the inside of the

housing half—parts. Ideally, the output conductors naturally make electrical contact with the

insides of the housing when they are at least slightly pressed against the housing (if they are not

welded to it in any case). This can be achieved surprisingly efficiently by a suitable arrangement

of the winding core that has been mentioned, in our button cell.

[0045] By way of example, the insulating means may be a flat layer composed of plastic, for

example, a plastic film, which is arranged between the end faces of the winding and the flat

bottom and top areas of the housing of our button cell.

[0046] Corresponding to the above statements, the button cell is, in particular, a rechargeable

button cell. Our button cell particularly preferably has at least one lithium-interealating

electrode.

[0047] The ratio of the height to the diameter of button cells is, by definition, less than I.

For our button cell, this ratio is particularly preferably between 0.1 and 0.9, in particular between

0.15 and 0.7. In this case, the height means the distance between the flat bottom area and the flat

top area parallel to it. The diameter means the maximum distance between two points on the

casing area of the button cell.

11
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[0048] The button cell is particularly preferably a button cell which is not beaded over, as is

described in DE Patent Application 10 2009 017 514.8, mentioned above. Correspondingly,

there is preferably an exclusively force—fitting connection between the housing half-parts.

Therefore, our button cell does not have a beaded-over cup edge, as is always the case with

known button cells. The button cell is closed without being beaded over.

[0049] Button cells such as these which are not beaded over generally make use of

conventional cell cups and cell tops, which each have a bottom area and a top area, a casing area,

an edge area which is arranged between the bottom and top areas and the casing area, and a cut

edge. Together, the cell cup and cell top form a housing, which forms a receptacle for the

conventional internal components of a button cell, such as electrodes, separator and the like. As

in the normal way, the bottom area of the cell cup and the top area of the cell top are aligned

essentially parallel to one another in this housing. The casing areas of the cell cup and cell top in

the finished button cell are aligned essentially at right angles to the bottom and top areas, and

preferably have an essentially cylindrical geometry. The internal and external radii of the cell

cup and cell top are preferably essentially constant in the casing areas. The edge areas, which

have been mentioned, of the cell cup and cell top form the transition between the casing areas

and the top and bottom areas. They are preferably therefore bounded on the one hand by

essentially flat bottom and top areas, and on the other hand by the essentially cylindrical casing

areas, which are arranged at right angles to them. By way of example, the edge areas may be in

the form of a sharp edge, or else may be rounded.

[0050] The procedure for producing a button cell which is not beaded over is generally to

first of all apply a seal to the casing area of a cell top. In a further step, the cell top is then

inserted, with the seal fitted, into a cell cup thus resulting in an area in which the casing areas of

12
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the cell cup and cell top overlap. The size of the overlap area and the ratio of the overlapping

area to the non-overlapping areas are in this case governed by the respective height of the casing

areas of the cell cup and cell top, and by the depth of the insertion. With regard to the casing

area of the cell top, it is preferable for between 20% and 99%, in particular between 30% and

99%, particularly preferably between 50% and 99%, to overlap the casing area of the cell cup

(the percentages each relate to the height of the casing or of the casing area). Before being

inserted into the housing cup and/or the housing top, the other conventional components of a

button cell (electrodes, separator, electrolyte and the like) are inserted. After the cell top has

been inserted completely into the cell cup a pressure is exerted on the casing area of the cell cup,

in particular in the area of the cut edge, to seal the housing. In this case, a joined-together

housing part should as far as possible not be subjected to any loads, or only to very small loads,

in the axial direction. Therefore, the pressure is applied in particular radially. Apart from the

sealing of the housing which has already been mentioned the external diameter of the cell

housing can therefore also be calibrated.

[0051] It is particularly important for the heights of the casing areas of the cell cup and cell

top to be matched to one another such that the cut edge of the cell cup is pressed against the

casing area of the cell top by the pressure on the casing area of the cell cup. The heights of the

casing areas are therefore preferably chosen such that it is impossible to bend the cut edge of the

cell cup around inward over the edge area of the cell top which has been completely inserted into

the cell cup. Correspondingly, the edge of the cell cup is not beaded over the edge area of the

cell top. In consequence, the cell cup of a button cell manufactured using our method has a

casing area with an essentially constant radius in the direction of the cut edge.
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[0052] In the case of button cells produced using a method such as this, there is preferably an

exclusively force-fitting connection between the housing components comprising the cell cup,

the cell top and the seal. This ensures that the components are therefore held together in a

prcfcrrcd manncr, csscntially only by static-friction force.

[0053] Button cells without any beading over are particularly preferably produced using a

cell cup which is conical at least in one subarea of its casing, such that at least its internal

diameter increases in the direction of the cut edge. This makes it considerably easier to insert the

cell top into the cell cup. The dimensions of the cell cup and cell top are preferably matched to

one another such that relatively large opposing forces preferably do not occur until the top has

been inserted virtually completely into the cup. The cone angle in this case is preferably

between 10 minutes and 3°, in particular between 30 minutes and 1° 30 minutes.

[0054] The cell top, which is inserted into the cell cup with the applied seal, is preferably

cylindrical, at least in a part of the casing area. This may relate in particular to that part of the

casing area which overlaps the conical subarea of the cell cup casing that has been mentioned,

aftcr thc ccll top has been inscrtcd into thc ccll cup. Thc casing of thc ccll top, and thcrcforc also

the casing area, is particularly preferably entirely cylindrical. The cell top therefore preferably

has a constant external radius in the casing area. This may relate in particular to that part which

overlaps the conical part of the casing area of the cell cup after the cell top has been inserted.

[0055] When a cell top with a cylindrical casing area is being inserted into a cell cup which

is conical at least in one subarea of its casing, as has been described above, a gap which is open

at the top is generally created between the cell cup and the cell top. This gap is generally closed

again by the pressure on the casing area of the cell cup. Thus, the pressure on the casing area of

the cell cup may be chosen such that the conical part of the casing area of the cell cup is pushed
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inward until the inside of the cell cup and the outside of the cell top are essentially at the same

distance from one another in the overlapping area. The resultant button cell has casing areas

which are aligned parallel to one another, in particular in the overlapping area.

[0056] One important aspect in this case is the choice of the seal which connects the cell cup

to the cell top. The seal is preferably a plastic seal which connects the cell cup to the cell top.

The seal is preferably a plastic seal composed of a thermoplastic.

[0057] The plastic seal is particularly preferably a film seal, for example, as is described in

already cited DE 196 47 593, in particular a film seal composed of a thermoplastic.

[0058] Film seals can be produced with a very uniform thickness. When a suitable pressure

is applied to the casing area of the cell cup, this results in an interference fit, as a consequence of

which the button cell that has been produced has highly excellent sealing characteristics. The

use of film seals makes it possible to dispense with the edge of the cell cup being beaded over

Without this on the other hand resulting in a need to accept disadvantages in other important

characteristics.

[0059] It is very particularly preferable to use plastic seals, in particular plastic films, based

on polyamide or based on polyether ether ketones in the present case.

[0060] It is preferable for the seal for a cell which is not beaded over to have an initial

thickness in the range between 50 um and 250 um, particularly preferably between 70 um and

150 um, in particular about 100 um. The term “initial thickness” is in this case intended to mean

the thickness of the seal before it is applied to the casing of the cell top. In contrast to this, the

term “final thickness” is intended to mean the thickness ofthe seal in the finished cell. It is clear

that, at least in the overlapping area, this generally corresponds to the distance between the inside

of the cell cup and the outside of the cell top.
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[0061] To allow a sufficiently large amount of friction to be produced between the cell cup

and the cell top, both the external and internal radii of the cup and top should be matched to one

another and to the thickness of the film seal. This is the only way to create a sufficiently high

contact prcssurc to hold the two individual parts together. It is prcfcrablc for the parts used in

this case for the difference between the external radius of the cell top, which is to be inserted into

the cell cup, on the cut edge of the cell top and the smallest internal radius of the cell cup in that

part of the casing area which overlaps the casing area of the cell top to be less than the initial

thickness of the seal that is used. The difference is particularly preferably between 10% and

90% of the initial thickness, in particular between 30% and 70%, and very particularly preferably

about 50%.

[0062] After the cell top has been inserted into the cell cup, a part of the casing area of the

cell cup can be drawn radially inward. ln particular, this relates to that part of the casing area

which does not overlap the casing area of the cell top.

[0063] It has been found that this process of drawing in radially makes it possible to achieve

considerably better scaling characteristics. Drawing in the cup casing results in a radial pressure

being exerted on the edge section which rests on the inner wall of the housing cup and on the

seal which is arranged between the housing top and the housing cup, with the seal in cones-

quence being compressed in this area.

[0064] The drawing—in process can be carried out at the same time as the already mentioned

exertion of pressure on the casing area of the cell cup, although the drawing-in process is

preferably carried out in a subsequent, separate step.

[0065] Our method for producing a button cell can be used in particular to produce button

cells as have been described above, that is to say button cells having a housing with a flat bottom
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area and a flat top area parallel to it. It is suitable for producing not only button cells which are

not beaded over, but also for those which are beaded over.

[0066] With respect to the preferred examples of the individual components which are used

in our method (housing parts and dimensions, electrodes, separator and the like), reference can

therefore be made to the above statements and explanations in their entirety.

[0067] In general, the housing is assembled from a metallic cup part (housing cup) and a

metallic top part (housing top), with an electrode-separator assembly with electrodes in the form

of a flat layer being inserted into the housing such that the electrodes are aligned at right angles

to the flat bottom area and top area.

[0068] As already mentioned, the electrode—separator assembly is preferably installed in the

form of a winding, in particular a spiral winding.

[0069] ln general, our method always comprises the following steps:

insertion of the winding into the metallic top part, and

insertion of the metallic top part with the winding into a metallic cup part.

[0070] The edge of the cup part is then optionally beaded over the edge of the top part.

[0071] When a button cell which is not beaded over is produced, the corresponding steps as

described above are carried out.

[0072] Before the housing is closed, the electrodes are normally also impregnated with

electrolyte solution.

[0073] For the insertion process, the winding is preferably rolled up on a winding mandrel.

After or during the insertion process, the winding mandrel can then be removed. If required, the

winding core that has been mentioned above is then inserted. Alternatively, the electrode-

separator assembly can also be wound directly onto a core such as this.
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[0074] The spiral winding is particularly preferably heat-treated on its end faces before being

installed. In this case, it is at least briefly subjected to a temperature at which the separator in the

winding is thermoplastically deformable. In general, the separator projects somewhat on the end

faces of the winding, and this is itself subject to the precondition that the electrodes are arranged

with the offset with respect to one another, as described above. The heat treatment allows the

separator to be shrunk together somewhat, therefore, if required, even exposing the edge of an

adjacent electrode, such that this can rest directly on the button cell housing.

[0075] The stated advantages and further advantages will become evident from the descrip-

tion which now follows 0f the drawings. In this case, individual features may be implemented

on their own or in combination with one another. The described examples are intended only for

explanation and better understanding, and should in no way be understood as being restrictive.

[0076] Fig. 1 schematically illustrates the cross section through one preferred example of a

button cell 100. This has a metallic cup part 101 and metallic top part 102. The two parts are

connected to one another, sealed by means of a seal 109. Together, they form a housing with a

flat bottom area 103 and a flat top area 104 parallel to it. When in use, these flat areas 103 and

104 form the poles of the button cell, from which current can be drawn by a load. The edge 110

of the cell cup 101 is beaded inward over the edge of the cell top 102.

[0077] An arrangement comprising an electrode 105 in the form of a strip, an electrode 106

in the form of a strip, and the separators 107 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 105 and 106 as well as the separators 107 is

in this case in the form of a Winding, Whose end faces abut against the flat bottom area 103 and

the flat top area 104, which is parallel to it. The assembly is wound up on the core 108 in the

center of the button cell 100. Both the core 108 as well as the electrodes and separators which
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are wound around it are aligned at right angles to the flat bottom and top areas 104 and 103.

When the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbcd by the casing arca of the button cell 100.

[0078] It should be stressed that the positive electrode 105 and the negative electrode 106

respectively rest directly on the cup part 101 and on the top part 102 of the button cell 100.

There is no need for a separate output conductor for connecting the electrodes to the top part 102

and to the cup part 101.

[0079] Fig. 2 shows the effect of the heat treatment of an electrode-separator winding 200,

Which is provided in preferred examples of the method for producing a button cell. The illustra-

tion schematically shows a winding 200 comprising an assembly of a positive electrode 201 (bar

with cross strips), a negative electrode 202 (white bar) and the separators 203 (detail). The

positive and the negative electrodes 201 and 202 are in each case arranged offset with respect to

one another. The separators 203 are composed of a thermoplastically deformable material.

[0080] thn the separator cdgcs which are located on the end faccs 204 and 205 of the

winding 200 are subjected to a high temperature (for example, of 250°C, as illustrated), then

these separator edges shrink. The separators are drawn in at least partially between adjacent

electrodes. 1n the process, the edges of the negative electrode 202 are exposed on the end face

204, while the edges of the positive electrode 201 are covered. The edges of the positive

electrode 201 on the end face 205 are exposed, While the edges of the negative electrode 202 are

covered.
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[0081] When a winding that has been treated in this way is in use, this ensures that electrodes

of the same polarity can each rest directly only on the housing cup or on the housing top. There

is no need for separate electrical connections between the electrodes and the housing parts.

[0082] Fig. 3 shows an clcctrodc-scparator assembly for button cells in the form of a winding

300, with the illustration A depicting a plan view vertically from above at one of the end faces

301 of the winding 300, while the illustration B shows the winding 300 in a View obliquely from

above. In both cases, this shows that the assembly comprises two layers; separators 302 and 303

as well as two electrode layers 304 and 305 (a positive and a negative electrode). The assembly

is wound up in a spiral shape and is held together by an adhesive tape 306 on its outside.

[0083] Fig. 4 shows a sectioned illustration of one preferred example of a button cell 400.

The figure shows the housing of the button cell comprising the cup part 401 and the top part 402,

between which the seal 403 is arranged. An assembly of electrodes and separators, as is illustrat—

ed in Fig. 3, is contained as a spiral winding 404 (illustrated schematically in the cross section)

within the housing. The separator layers 405 and 406 as well as the electrodes 407 and 408 of

opposite polarity can also be sccn wcll hcrc. In this casc, thc clcctrodc 407 is conncctcd Via the

output conductor 410 to the top part 402, while the electrode 408 is connected Via the output con-

ductor 409 to the cup part 402. The output conductor 410 is preferably welded to the top part

402. In contrast, the output conductor 409 is connected to the cup part 402 via a clamping con-

nection (it is clamped inbetween the supporting ring 413, on which the edge of the cell top rests,

and the bottom of the cell cup). The insulating means 411 and 412 are arranged between the end

faces of the winding and the cup part 401 and the top part 402, and are each in the form of thin

plastic disks. This prevents electrodes of opposite polarity from being able to come into contact

with the cup part 401 or the top part 402 at the same time. This prevents any short circuit.
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[0084] Fig. 5 schematically illustrates the cross section through one preferred example of a

button cell 500.

[0085] This button cell 500 has a metallic cup part 501 and a metallic top part 502. The two

parts are connected to one another, sealed by means of a seal 510. Together, they form a housing

with a flat bottom area 503 and a flat top area 504 parallel to it. When in use, these flat areas 503

and 504 form the poles of the button cell, from which current can be drawn by a load.

[0086] The cell top 502 is inserted into the cell cup 501 such that the casing areas of the cell

top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping

area being essentially constant in the direction of the cut edge. Therefore, the edge of the cell

cup 501 is not beaded over the edge 51 1 of the cell top 502, and the preferred example described

above for a button cell 500 is therefore a button cell which is not beaded over.

[0087] An assembly comprising an electrode 508 in the form of a strip, an electrode 509 in

the form of a strip and separators 507 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 508 and 509 as well as the separators 507 is

in this case in the form of a winding, whose end faces face in the direction of the flat bottom area

503 and of the flat top area 504 which is parallel to it. The assembly is wound up on the winding

core 512 in the center of the button cell 500. Both the core 512 and the electrodes and separators

which are wound around it are aligned at right angles to the flat bottom and top areas 504 and

503. If the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 500.

[0088] The positive and the negative electrodes make contact with the housing half-part

comprising the cup and top via the output conductor 505 and the output conductor 506. The out-
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put conductor 505 is composed of aluminum, and the output conductor 506 is composed of

nickel (or alternatively of copper). Both output conductors are thin films, which rest flat

between the end faces of the winding and the flat top and bottom areas 503 and 504. A continu-

ous slight contact pressure is maintained on the output conductors by the winding core 512. The

output conductors are preferably separated from the end faces of the winding by a separate

insulator arrangement (not illustrated in the drawing), for example, by a thin film.

22
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Abstract Clean

A button cell includes a housing cup and a housing top separated from one another by an

electrically insulating seal and which form a housing with a flat bottom area and a flat top area

parallel to it and an electrode-separator assembly within the housing including at least one

positive and at least one negative electrode in the form of flat layers and connected to one

another by at least one flat separator, wherein the electrode layers are aligned essentially at right

angles to the flat bottom and top areas and the button cell is closed without being beaded over.
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COMPLETE SPECIFICATION

~r Electric Cells

We, BURNDEPT LIMITED, of Canada Road,
Oyster Lane, Byfieet, Surrey, a British Com-
pany, do hereby declare the invention, for
which we pray that a Patent may be granted

5 to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:—

The invention relates to the construction

z. of scaled alkaline electrolyte secondary
It) electric cells having finely divided cadmium

in the negative electrode. It is particularly
applicable to sealed nickel cadmium cells
but it may be used in cells having active
materials other than nickel hydroxide in the

IS positive electrode.
It has previously been proposed in Speci-

fication No. 685.341 to make a cell of this
type with a negative electrode of higher
capacity than the positive electrode, the

10 negative electrode being at the moment of
sealing more charged than the positive elec-
trode and the difierenoe between the charges
being smaller than the difference between
the capacities of the electrodes. This Speci-

25 fication was, however, mainly conccrucd
with overcoming problems of gas evolution
due to overdischarge of one cell in a battery
of cells, and the larger quoted difference
between the charges on the two electrodes

30 was 25% of the smaller capacity.
Our invention on the other hand is con-

cerned with the solution of problems which
arise in the production of cells which are
designed to deliver substantially all their

35 theoretical capacity at a high ran: of dis-
charge. The (cm “high rate" is used
throughout this Specification to denote a
discharge rate in which the whole capacity
of the cell is discharged within a maximum

40 time of two hours, that is to say the average
- discharge current in amp'eres is equal to at

least half the capacity of the cell in ampere
hours (Ah).

[Price 45. 611.]

l t has been established that the negative,
cadmium electrodes of these secondary cells 45
are less efficient in the electrochemical sense .
than the corresponding positive electrodes
and that they tend to become even less
efficient when the cell is charged and dis-
charged for the first few cycles. 50

We have now discovered that this relative

inefliciency of the negative electrodes is
much more pronounced in cells which are
to be discharged at high rates and we have
observed that the efficiency of a typical 55
cadmium oxide electrode material may fall
from 100% of the theoretical capacity at
extremely low discharge rate to 60% at an
average discharge current in amperes equal
to its capacity in Ah and to as little as 60
45% at a rate in amperes of 4 times its
capacity in Ah. The corresponding figures
for a typical cadmium hydroxide material
are 80% and 65%.

Specification No. 685,341 gives no infor- 65
mation about the rate of discharge for which
the cell was designed but in the light of
our observations it appears that, if dis-
charged at a high rate the quoted reserve
of charged negative material would be 70
insufiicient to accomplish the stated objectsof that invention. '

Proceeding from these observations :1 high
rate cell in accordance with the invention
is made with a negative. cadmium. elec- 75
trodc system of substantially greater theo-
retical capacity than the positive electrode
system. At the moment of scaling the cell
the positive electrode system is to have
material in the uncharged stale and the 80
negative electrode is to have a main body
of material in the uncharged. cadmium
oxide or hydroxide, state. In addition to
this main body of uncharged material the
negative electrode system is to have such 85
a reserve of charged material at the moment
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of sealing that the total charge on the nega-
tive electrode system exceeds that on the
positive electrode system and the sealed and
charged cell can be discharged at a high

5 rate at an overall elliciency at least substan-
tially equal to that of the positive electrode
system.

The quantity of charged material incor-
porated as a reserve in the negative electrode
system is determined mainly by the maxi-
mum discharge rate for which the cell is
designed, but preferably includes an addi-

. tionrfor the anticipated deterioration of the
electrode during its expected lifetime.

To obviate the risk of dangerous rises in
pressure upon overcharging it is already the
practice in the manufacture of this sort of
cell to make the negative electrode of a
higher capacity than the positive electrode

20 and to ensure that, at the moment of seal-
ing the cell, the negative electrode has a
greater capacity to accept Charge than the

7 , positive electrode.
The correct required balance of charge

25 between the electrodes is currently attained
by one of three procedures. The cell may
be sealed with both electrodes completely

{ uncharged; the :elearodes may be given a
carefully controlled partial charge before

30 the cell is sealed: or both electrodes may
be fully precharged and the negative elec—
trode subjected to a carefully controlled

_. partial discharge. Each of the three pro-
cedures present difficulties. the latter two

35 being most inconvenient in mass production
where it is highly desirable to carry out
any precharg-ing steps on the electrode

. ., material before it is cut to form individual
' electrodes.

4" We have discovered that the amount of
active material which has to be incorporated
in, the negative electrode so that it may
possess the required electrical capacity and

i the extent to which it needs to be pre-
45 charged must depend upon the quality of

the materials employed and that it may
vary from batch to batch in the course of

7 the manufacturing run. This raises the
problem of varying the amount and pre-

50 charge of the negative electrode. This
problem can be avoided in the manufacture
or a cell in accordance with the invention
by disposing the additional mass of charged

' negative electrode material, constituting the
55 reserve mentioned above, in an auxiliary

negative electrode in direct electrical con-
nection with the main negative electrode
and by fully precharging the auxiliary elec—
trode before the cell is assembled and
sealed. In such a construction there is no
need to vary the mass of the main negative
electrode in accordance with variations in
material quality and there is no problem in
determining the precise degree of precharge

65 which has been given to the negative elec-
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trode assembly.
Preferably the electrodes of a cell in

accordance with the invention comprise
active materials mixed with conductive
materials in powder form and bound with
an elastomeric binder such as high molecular
weight polyisobutylene, for instance
“Vistanex” (registered Trade Mark) L. 140
c: a still higher molecular weight poly-
isobutylene. Other strong elastomcrs cm be
used. If the elastomer is mixed with the
powdered materials as a solution it is an
advantage to use one which shrinks as it
dries because this will have the effect of
compressing the powdered material slightly.
thus helping to ensure electrical contacts
between the particles, thus helping to ensure
electrical contacts between the particles.
Such electrodes are described in greater
detail in the specification of our copending
application number 29846/59 (Serial No.
970638).

Altematively the electrodes may be of the
construction in which a porous sintered
mass of nickel powder is impregnated with
active materials. Electrodes of more than
one type of structure may he used in a
single cell.

Where a cylindrical cell is to be made
with plastic bonded electrodes a particularly
convenient mode of assembly is to prepare
the pack of electrodes and separators in the
form of strips gripped at one end by a
split mandrel and then to wind the pack
around the mandrel to form a roll. The
roll thus formed is then removed from the
mandrel and placed inside a suitable cylin-
drical can. This method of winding facilitates
the handling of the components and helps
to produce an accurate roll even where
the diameter is large in proportion to its
length. In making cells of relatively large
diameter we have found it preferable to
apply the mandrel at the middle of the
length of the pack and to wind from the
centre and that technique forms the subject
of our Application No. 13302/67 (Serial No.
1088272), divided from the present Appli-cation.

In order that the invention may be
thoroughly understood the preparation and
assembly of three cells in accordance with

it will be described in some detail, by way
of example, with reference to the accom-
panying drawings, in Which——

Figure l is a vertical section on the line
H of Figure 2, through a cylindrical cell
with wound strip electrodes;

Figure 2 is a cross-section on the line
11-11 of Figure 1, through the same cell;

Figure 3 is a vertical section on the line
Ill-III of Figure 4, through another cylin~
drical cell with strip electrodes wound from
the centre;

Figure 4 is a cross—section on the line 130
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IV—IV of Figure 3, through the cell shown
in Figure 3; and

Figure 5 is a vertical section through a
button cell having flat electrodes.

5 The cell shown in Figures 1 and 2 com-
prises main positive and negative electrodes
10 and 12 respectively and an auxiliary
cadmium negative 14 with porous separators
16 and 18 between the two electrode

10 systems. The three electrodes and the
separators are in strip form and wound into
a spiral in a manner to be described below.

The two separators 16 and 18 may con-
veniently be made from a single strip of

l5 material turned over the positive electrode,
as shown in Figure 2, at the inner end 17.

The electrodes and separators are
enclosed in a cylindrical can 20 between
insulating end discs 22 and 24 at top and

20 bottom respectively.
The end discs 22 and 24 are suitably

apertured to allow positive and negative
contact strips 26 and 28. 29 respectively to
be connected between the electrode systems

25 and the terminals. The positive terminal is
constituted by a top cap 30 insulated by
a plastics material grommet 32 from the
can 20 which constitutes the negative
terminal.

30 The cell shown in Figures 3 and 4 is
generally similar but the whole system of
electrodes and separators is folded back on
itself at the inner end 34. so as to form
a double spiral in a manner to be described

35 below. The several parts are given the same
numbers as the corresponding parts of the
cell shown in Figures 1 and 2.

The positive electrodes of the cells shown
in the drawings may advantageously com-

40 prise a mixture of 36.77% by weight of
nickel hydroxide and 1.93% by weight of
cobalt hydroxide as the active materials.
admixed with 58.1% by weight of nickel
powder as a conductive material, bound in

45 3.2% by weight of polyisobutylene binder
in the form of “Vistanex” L.140.

Specific proportions have been quoted for
the several materials of the positive elec-
trode. These proportions (all of which relate

50 to the total weight of the electrode in
question) can be varied and it is possible
to include some graphite as a conductive
material in proportions up to 30% by
weight. The total of active ingredients should

55 preferably be between 30 and 70% by
weight and if cobalt hydroxide is included
it may be present in a proportion up to
30% of the weight of nickel hydroxide.
The nickel powder should be present in

'60 proportion between 25 and 70% by weight
and there should be between 2 and 5% by
weight of elastomeric binder.

The negative electrodes are made from a
mixture of 62.2% by weight of cadmium

65 oxide as the active material. 35% by weight

of nickel powder as the conductive material,
and 2.8% of “Vistanex” L.l40 as the
elastomeric binder. The proportion of
cadmium oxide may be varied between 45 °.’,
and 70% by weight, the proportion of 70
nickel powder may be between 25% and
50% by weight and up to 10% by weight
graphite and 20% by weight of iron oxide
may also be included as conductive
materials. The proportion of elastomeric 75
binder should be between 2% and 5% by
weight.

Strips of electrode material are made by
coating the respective mixtures onto nickel
gauze or expanded loll. This coating can 30
conveniently be achieved by passing the
gauze or foil through the mix in a box
with a slot in the base to admit the strip
and by doctoring off excess mixture at the ,
top of the box so as to produce a strip 85
of the required thickness.

If a positive electrode of sintercd con-
struction is to be used the nickel powder
will be mixed with the binder solution,
coated onto gauze or foil and then sintered, 90
for example by furnacing at about 800°C
to 900°C for five to fifteen minutes, oxida-
tion being prevented by the restriction of
access of air to the furnace. The sintered

strip will then be impregnated in the usual 95
way.

The negative electrode material is pre-
ferably prepared in strips of two thicknesses,
the thicker of which will serve for the main
necative electrodes 12 and the thinner of
which will serve for auxiliary negative elec-trodes 14.

Contacts 26, 28 and 29 are spot-welded
to the positive electrode 10 and to the main
and auxiliary negative electrodes 12 and 14,
respectively. These contacts are attached
approximately mid-way along one edge of
the strip which is to form the electrode.
Placing the contacts centrally is advan-
tageous because it cuts down voltage drop
through the material of the electrode.

The strip which is to form auxiliary nega-
tive electrodes is fully precharged in electro-
lyte, washed and dried, under non—oxidising
conditions in one piece, and thereafter cut
to form individual electrodes.

Strips of separator material are cut from
a suitable material for use as separators,
The separator strips should be somewhat
wider than the electrode strips to avoid the
risk of short circuiting when the electrodes
10, 12, 14 and separators 16, 18 are
assembled.

Electrode and separator strips are then
laid up alternately into a pack within guides
in a locating fixture. The strips are carefully
located so that the separators 16 and 18
overlap the electrodes along both edges.

The pack is then wound onto a slotted
mandrel. in the construction shown in 17.0
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Figures 1 and 2 the mandrel is applied to
one end of the pack and in that shown .in
Figures 3 and 4 it is applied to the middle
of the strip. Care must be taken to ensure
accurate positioning, the tightness is achieved
by applying pressure by means of rollers
and turning the mandrel several times after
the assembly is wound on. The mandrel is
then withdrawn, and after bending the nega-
tive contacts 28, 29 across the central hole
34 and arranging the bottom end disc 24,
the assembly is inserted into the cylindrical
steel can 20. The negative contacts 28, 29
are electrically welded to the base of the
steel can 20 by means of a welding elec-
trode inserted down the central hole 34.

The top end disc 22 is placed over the
assembly, the can is then tilled at 36, the
grommet 32 put into position to insulate the
top cap 30 from the can 20, and the positivc
contact 26 is welded to the top cap. Only
then may the electrolyte be added to the
electrodes and as soon as this has been
done, the cell must be sealed to avoid self-
di-scharge of the charged auxiliary negativeelectrode 14.

In the button cell construction shown in
Figure 5 there are two sets of positive, main
negative and auxiliary negative, electrodes
50 50’, 52 52’ and 54 54’ respectively of the
same composition as those of the cells
described above, but in the form of flat
plates. The electrodes and separators 56
and 56’ and 58 are cut into the shape of
round discs. After welding positive and
negative contacts, 66 66’ and 68 68’ respec-
tively to the electrodes 50 50', 52 52’ and
54 54‘ the electrodes and separators are
stacked into a pile which is bound with
insulating tapes 72 73 covering the contact
strips and placed within the can 60. The

electrolyte is added and the can tightly
sealed by a top cap 80 insulated from the
can by a grommet 82.

A plate spring 86 between the pile of
electrodes and the top cap assures good
contact between the electrodes and
separators, between the positive contacts 66
66’ and the can 60 and between the nega-
tive contacts 68 68’ and the top cap 80.

The positive electrode 50', has a seg-
mental cut out at 88 to allow for passage
of the negative contact 68 and the negative
electrodes 52 and 54 are similarly cut away
at 90 for the positive contact 66’.

if it is thought necessary to add a
mechanical safety device to ensure that
under no circumstances can an explosion be
caused by excessive gas pressure within the
sealed cell, this can conveniently be done
by stretching a diaphragm across the top
of the can immediately below the top cap
30 and by forming an inturned pointed lug
on the top cap. By a suitable choice of
material and thickness for the diaphragm

matters can be arranged so thzt any excess
gas pressure, even though it be well below
that which the can is designed to withstand.
will so distort the diaphragm as to cause it
to be pierced by the inturned lug on the
top cap. If the diaphragm is of metal the
contact 26 from the positive electrode can
be welded to it.

If it is required to provide a reserve
against over-discharge, so that batteries of
more than two cells can be made success-
fully without the weaker cells being over-
discharged by their more powerful neigh-
bours, this can be done by a second type
of auxiliary electrode of uncharged negative
material having just sufficient capacity to
absorb a reserve charge equivalent to the
difference in capacity between the worst and
the best possible cells in a batter", and con-
nected to the positive electrode,

WHAT WE CLAIM IS:—

1. A sealed alkaline electrolyte secondary
electric cell designed to deliver substantially
all its theoretical capacity at a high rate
of discharge as hereinbefore defined and
having finely divided cadmium in the nega-
tive electrode which is of substantially
greater theoretical capacity than the posi-
tive electrode system. and in which cell, at
the moment of sealing the positive electrode
system has material in the uncharged state.
while the negative electrode system has a
main body of material in the uncharged.
cadmium oxide or hydroxide, Slate. and. in
addition such a reserve of material in the
charged, cadmium metal state that the total
charge on the negative electrode system
exceeds that on the positive electrode
system and the scaled and charged cell can
be discharged at a high rate at an overall
efficiency at least substantially equal to that
of the positive electrode system.

2. A cell according to claim I, in which
the reserve of charged material in the nega-
tive electrode system includes an addition
for the anticipated deterioration of the

eleftrode during the expected lifetime of thees .

3. A cell according to claim 1 or claim
2. in which the additional mass of charged
negative electrode material constituting the
said reserve is disposed in an auxiliary nega-
tive electrode in direct electrical connection
with the main negative electrode, the said
auxiliary electrode being fully precharged
before the cell is assembled and sealed.

4. A cell according to any preceding
claim, having an elctrode which comprises
active material in powder form and bound
with an elastomeric binder, such as high
molecular weight polyisobutylene.

5. A cell according to any of claims ]
to 3, having an electrode of the construc-
tion in which a porous sintered mass of
nickel powder is impregnated with active
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material.

6. A cell according to claim 4, com-
prising a cylindrical roll of electrodes and
separators in strip form in a cylindrical can.

7. A cell according to any of claims 1
to 5, comprising electrodes and separators
in the form of flat plates layed up in a stack
in a cylindrical can having a diameter large
in proportion to its length.

8. A method for the construction of a
sealed alkaline electrolyte secondary electric
cell as claimed in claim 1, which comprises
preparing a positive electrode system with
material in the uncharged state and a nega-
tive electrode system of substantially greater
theoretical capacity than the positive system
partially precharging the negative electrode
assembling and sealing the electrodes with
separators in a suitable container, so that
at the moment of sealing the negative elec-
trode system has, in addition to a main body
of material in the uncharged cadmium oxide
or hydroxide, state such a reserve of
material in the charged, cadmium metal
state that the total charge on the negative
electrode system exceeds that on the posi-
tive electrode system and the sealed and
charged cell can be discharged at a high
rate at an overall efficiency at least sub-
stantially equal to that of the positive elec-
trode system.

9. A method according to claim 3, in
which the said reserve includes an addition
for the anticipated deterioration of the elec—

trode during the expected lifetime of the
cell.

10. A method according to claim 8 or
claim 9, in which the additional material
constituting the said reserve is disposed in
an auxilliary negative electrode in direct
electrical connection with the main negative
electrode and in which the auxiliary elec—
trode is fully precharged at the moment of
sealing the cell.

11. A sealed alkaline electrolyte
secondary cell according to claim 1, having
a negative electrode of the composition
quoted herein.

12. A sealed alkaline electrolyte
secondary cell according to claim 1 or claim
11, having a positive electrode of the com-
position quoted herein.

13. A sealed alkaline electrolyte
secondary cell substantially as described
with reference to Figures 1 and 2, or Figure
5 of the accompanying drawings.

14. A method for the construction of a
sealed alkaline electrolyte cell substantially
as described with reference to Figures 1 and
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2, or Figure 5 of the accompanying draw- 60
ings.

SEFTON-JONES, O’DELL &
STEPHENS,

Chartered Patent Agents,
15 Great James Street,

London, W.C.1.
Agents for the Applicants.

Berwick-upon-Tweed: Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd—1967Published at the Patent Office. 25
be oh rained.
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COMPLETE SPECIFICATION

This drawing is a reproduction of
the Original on a reduced scale.
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Description

The invention relates to an electrode assembly,
a method for making the electrode assembly and
electrochemical cells in which the electrode assem-

bly is used.
Various configurations of electrode assemblies

consisting of an anode and a cathode have been

disclosed. The configuration and the arrangement
of such electrode assemblies in a particular hous-
ing is important in that the assembly and configura-
tion impacts upon the 1) amount of active electrode
material that can be included in each cell, 2) elec-
trical performance, and 3) the ease of manufactur-
ing.

A useful electrode assembly configuration is
disclosed in US. Patent 3,663,721. Therein, an
electrochemical cell is disclosed in which the lith-

ium anode comprises a unitary and continuous
length of zig-zag pleated lithium of a selected
width. Individual cathode plates are positioned be-
tween pairs of the pleated anode. A separator is
placed between the cathode and the anode to
prevent electrical contact between the anode and
the cathode.

While this electrode assembly is useful, it is
disadvantageous in that it requires 1) the manufac-
turing step of placing separate cathode plates be-
tween the zig-zag pleated anode. and 2) a series of
electrical connections to be made between the

various cathode plates and the external electrical
contact with the cathode thereby increasing the
opportunities for short circuits to occur.

The present invention provides an electrode
assembly comprising an anode, a cathode and
insulating separator positioned between the cath-
ode and the anode, the anode, the separator and
the cathode being folded to form an accordian fold;

characterized in that the anode and separator
are approximately twice the length of the cathode
and are folded in half over the cathode prior to
forming the accordian fold. An accordian fold com-
prises two or more "V“ folds.

The electrode assembly of this invention is
advantageous in that it avoids 1) the need for the
manufacturing steps involved in making separate
cathode plates and subsequently inserting such
plates into the pleats of a zig-zag anode and 2) the
need to make a series of electrical connections

between individual cathode plates. Since the oath-
ode is itself continuous, only one electrical contact
need be made to the cathode.

In one useful embodiment, the electrode as-

sembly of this invention comprises a three piece
laminate comprising, in the following order:

a) a metal foil current collector;
b) a layer of a malleable anode-active material;
and
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c) the insulating separator.
The present invention also provides an elec-

trochemical cell comprising an electrolyte, and an
electrode assembly of the present invention.

In the above embodiment, the electrochemical
cell constructed with the accordian folded electrode

assembly of this invention has 1) decreased inter-
nal resistance and 2) better utilization of the anode-
active material compared to electrochemical cells
in which the anode is coated on a metal grid
current collector.

The present invention further provides a meth-
od of making an electrochemical cell comprising:

forming an anode by covering a metal foil
current collector with a layer of anode—active ma-
terial;

placing an insulating separator over the anode-
acfive material to form a laminate;

forming a cathode by coating at least one side
of a metal foil grid current collector with a cathode-
active material;

folding the laminate approximately in half to
sandwich the cathode therebetween;

folding the assembly so formed into accordian
folds;

inserting the accordian folds into a housing;
and

filling the housing with an electrolyte.
The present invention will now be described by

way of example with reference to the accompany-
ing drawings, in which:-

Fig. 1 is a schematic drawing of the anode
assembly.

Fig. 2 is a schematic drawing of a typical cath-
ode assembly.

Fig. 3 shows the anode and cathode being lami-
nated together prior to the accordion fold.
Fig. 4 shows the laminate of Fig. 3 in an accor-
dian fold.

Fig. 5 shows an electrochemical cell com- pris—
ing an electrode assembly of the invention.
Applicants will now proceed to describe the

anode and cathode construction, the separator and
the technique by which they are brought together
in a laminate structure and subsequently accordian
folded. In this description of the invention, lithium
anodes and Mn02 cathodes are used. It will be

recognized that the invention will work with most
electrode assemblies using solid fuel.

The anode assembly in Fig. 1 is a three piece
laminate comprised of an anode-active material 12
such as lithium coated on a .0254 mm (1 mil) metal
foil current collector 13 such as stainless steel. A

portion of the stainless steel foil 13 is left uncoated
and trimmed to form the anode terminal 14. A

separator 15 such as Celgard® 4510 (available
from Celanese) and/or non-woven polypropylene is
rolled over the entire lithium anode 11 formed of
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the anode-active material 12 and the current collec-

tor 13. The separator is a porous electrically-in-
sulating material which prevents electrical contact
between the anode and the cathode but allows
movement of ions.

Other useful anode-active materials include any
malleable anode material such as alkali metals (Na
and K), Li-Al alloys, Li-Si alloys, Li-B alloys and the

metals of Groups la and lie of the periodic table of
elements. Malleable anode-active materials are

coatable on metal foil. Also, the separator can be
coated onto the surface of the active material with

considerable adherence of the separator to the
anode layer. Metal foils which can be used as the
current collector include metals such as nickel,
stainless steel, aluminum and titanium.

While this embodiment of the invention is ex-

emplified by having the insulating separator placed
over the anode, it is clear that the invention works

equally well when the separator is placed over the
cathode. in any case, a small excess of separator
is left relative to the sides of the electrode. The

total length and thickness of the anode will be
dictated by the fuel loading requirements of the
electrochemical cell or battery specification under
consideration.

The cathode 1 is a laminate as shown in Fig. 2.
in the embodiment shown it is made with MnOz.

The Mn02 cathode 1 comprises a grid current
collector 22 such as stainless steel coated on one

or both sides with a mixture of Mn02, carbon and

Teflon® 23. A small portion of the stainless steel
current collector 22 is left uncoated and shaped at
one end to function as a cathode terminal 24.

The wide variety of cathode-active materials
which would also be useful in the electrode assem-
blies of this invention include the various forms of

polyfluorocarbons, i.e.(CFx),, x Z 4 and n is some
indeterminate large number, FeSZ, FeS, CuO and
BigOa.

A complete electrode assembly is shown in
Fig. 3. it is made by positioning the cathode 1 on
top of the separator 15 attached to the anode 11 so
that the cathode terminal 24 and the anode termi-

nal 14 are side by side but are not in electrical
contact. The cathode, in this embodiment of the

invention, is about one-half the length of the anode.
The entire anode 11 is then folded over the entire
cathode 1 to form a laminate structure in which the
cathode 1 is sandwiched between the folds of the
anode 11.

Next, the complete electrode assembly of Fig.
3 is then accordian folded as shown in Fig. 4. The
accordian folded electrode assembly of Fig. 4 is a
series of connected "V" folds. The accordian fol-
ded electrode assemblies of this invention com-

prise two or more "V" folds. The length of each leg

in the fold and the number of folds and legs will. of
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course, be determined by the dimensions of the
container in which the electrode assembly is to be

inserted. Obviously, electrode assemblies having
more than two "V" folds or four legs are possible,
depending upon the fuel loading requirements of
the intended power application and the specific
anode and cathode materials used.

One method for folding the electrode assembly
of this invention, referring to Fig. 3, is to make
sequential folds beginning at the and away from
the contacts 14 and 24. As each fold is made, the

loose ends of the separate components are thus

free to shift enough to reduce stresses and strains
at the fold thereby preventing pinching, cracking,
breaking, delamination, shorting, or the like.

After checking for internal electrical shorts with
,an ohmmeter, the electrode assembly is made into
an electrochemical cell or battery by first inserting
the assembly into a container 25 such as shown in

Fig. 5. An electrolyte comprising, for example, a
solvent mixture of a propylene carbonate and
dimethcxyethane or butyrclactone and dimethox-
yethane, with a lithium salt such as lithium perch-
lorate or lithium tetrafluoroborate, is added to the
container 25.

The electrode assembly is inserted in the con—
tainer so that electrode terminals 14 and 24 pro-
trude upward forming a complete electrochemical
cell or battery. The cell can be sealed with a cap if
desired. Such caps and methods of sealing the cap
to the container are well known in the battery art.

in the accordian folded electrode assembly of
Fig. 4, electrical contact between each leg of the
anode is achieved when the legs of the assembly

are pressed together and inserted into the con-
tainer of Fig. 5. This electrical contact is achieved
through the physical contact of the current collec-
tors 13 of the anode assembly 11. This electrical
contact between each leg of metal foiled back
anode decreased the internal resistance of elec-

trochemical cells because electrons have a shorter

path to travel to reach the anode terminal com-
pared to anodes and electrode assemblies having a
different configuration.

Moreover, the anode construction of Fig. 1
facilitates greater utilization of the anode-active ma-
terial since substantially all of the anode-active
material is in direct electrical contact with the metal
foil current collector. This is in contrast to metal

grid collectors in which much of the anode-active
material is only indirectly in electrical contact with

the grid current collector.
'Celgard‘ and 'Teflon', referred to above, are

trade marks.

Claims

1. An electrode assembly comprising an anode

JLab/Cambridge, Exh. 1002, p. 115
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(11), a cathode (1) and insulating separator
(15) positioned between the cathode (1) and
the anode (11), the anode (11), the separator
(15) and the cathode (1) being folded to form
an accordian told;

characterized in that the anode (11) and

separator (15) are approximately twice the
length of the cathode (1) and are folded in half
over the cathode (1) prior to forming the accor-
dian told.

An assembly according to claim 1, wherein the
anode (11) comprises a three-piece laminate
including, in the following order:

a) a metal foil current collector (13);
b) a layer (12) of a malleable anode-active
material; and

c) the insulating separator (15).

An assembly according to claim 2, wherein the
anode-active material of the anode is a mallea-
ble metal.

An assembly according to claim 3, wherein the
cathode (1) comprises a layer (23) of cathode-
active material coated onto a metal grid current
collector (22).

An assembly according to claim 4, wherein the
cathode-active material is a polyfluorocarbon,
FeSa, FeS, CuO, MnOz or Bian.

An assembly according to claim 5, wherein the
anode-active material is lithium and the
cathode-active material is Mn02.

An assembly according to claim 4. wherein the
metal grid current collector (23) is made of
stainless steel and is coated on both sides with
the cathode-active material.

An electrochemical cell comprising an elec-
trolyte, and an electrode assembly according
to any one of the previous claims.

An electrochemical cell according to claim 8,
wherein the electrolyte comprises a solvent
mixture of propylene carbonate and dimethox-
yethane and a lithium salt.

An electrochemical cell according to claim 8.
wherein the electrolyte comprises a solvent
mixture of dimethoxyethane and butyrolactone
and a lithium salt.

A method of making an electrochemical cell
comprising:
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forming an anode (11) by covering a metal
foil current collector (13) with a layer (12) of
anode-active material;

placing an insulating separator (15) over
the anode-active material to form a laminate;

forming a cathode (1) by coating at least
one side of a metal foil grid current collector
(22) with a cathode-active material;

folding the laminate approximately in half
to sandwich the cathode (1) therebetween;

folding the assembly so formed into accor-
dian folds;

inserting the accordian folds into a hous-
ing; and

filling the housing with an electrolyte.

Revendlcatlons

Assemblage d'électrodes comprenant une ano-
de (11) une cathode (1) et un séparateur (15)
placé entre la cathode (1) et l'anode (11).
l‘anode (11), le séparateur (15) et la cathode

(1) étant pliés en accorde’on ;
caractérise‘ en ce que l'anode (11) et le sépa—
rateur (15) ont une longueur approximative-
ment du double de la longueur de la cathode
(1) et sont pliés en deux autour de la cathode
(1) avant de former Ie pliage en accordéon.

Assemblage selon la revendication 1, dans le-
quel l'anode (11) comprend un laminé formé
de trois pieces comprenant, dans l'ordre sui-
vant :

a) un collecteur de courant en feuille métal-
lique (13)
b) une couche (12) d‘un matériau malleable
a activité anodique ; at
c) un séparateur isolant (15)

Assemblage selon Ia revendication 2, dans le-
quel le matériau a activite anodique de l'anode
est un métal malleable.

Assemblage selon la revendication 3, dans le-
quel la cathode (1) comprend une couche (23)
d'un matériau a activite‘ cathodique couché sur
une grille métallique collectrice de courant
(22).

Assemblage selon la revendication 4, dans le-
quel le matériau a activité cathodique est du
polyfluorocarbone, FeSa, FeS, CuO, Mn02 ou
31203.

Assemblage selon la revendication 5, dans le-
quel le materiau a activite anodlque est du
lithium et le matériau a activité cathodlque est
Mn02.
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Assemblage selon la revendication 4. dans le-
quel la grille métallique collectrice de courant
(23) est en acier inoxydable et est appliquée
sur les deux faces du matériau a activité ca-

thodique.

Cellule électrochimique comprenant un éleotro-
lyle et un assemblage d'éleclrodes selon l'une
quelconque des revendications préoédentes.

Cellule électrochimique selon la revendication
8, dans laquelle l'électrolyte comprend un mé-

lange solvant de carbonate de propylene et de
diméthoxyéthane et un sel de lithium.

Cellule électrochimique selon la revendioation
8, dans laquelle l'électrolyte comprend un mé-
Iange solvant de diméthoxyéthane et de buty—
rolactone et un sel de lithium.

Procédé de fabrication de cellule électrochimi-

que consistent
a former une anode (11) en recouvrant une

feuille collectrice de courant (13) avec une
couohe (12) d'un matériau a activité anodique ;

placer un séparateur isolant (15) sur le
matériau a activité anodique pour former un
laminé ;

tormer une cathode (1) en appliquant un

matériau a activité cathodique sur au moins
une face de la grille collectrice de courant
métallique (22).

plier le laminé approximativement en deux
pour placer Ia cathode (1) en sandwich at l'inté-
rieur;

plier l‘assemblage ainsi formé en accor-
déon ;

insérer les plis en accordéon dans une
cuve ; et

remplir la cuve avec un electrolyte.

Patentansprfiche

1. Elektrodensystem mit einer Anode (11), einer
Kathode (1) und einem zwischen Kathode (1)
und Anode (11) angeordneten isolierenden
Trennelement (15), wobei die Anode (11), das
Trennelement (15) und die Kathode (1) zieh-
harmonikafo‘rmig zusammengefaltet sincl, da-
durch gekennzeichnet, dafl die Anode (11)
Mam(15) etwa zweimal so
lang sind wie die Kathode (1) und zur Héill'te
gefaltet um die Kathode (1) herumgelegt wer-
den, bevor die ziehharmonikaférmige Faltung

ertolgt.

 

System nach Anspruch 1, dadurch gekenn-
zeichnet, dall die Anode (11) ein dreiteiliges
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10.

11.

Laminat umfaBt, das der Reihe nach aus

a) einem aus einer Metallfolie bestehenden
Stromabnehmer (13),

b) einer aus einem formbaren anodlsoh akti-
ven Material bestehenden Schicht (12) und
c) dem isolierenden Trennelement (15) auf-

gebaut ist.

System nach Anspruch 2, dadurch gekenn-
zeichnet, daB das anodisch aktive Material der
Anode ein formbares Metall ist.

System nach Anspruch 3, dadurch gekenn-
zeichnet, daB die Kathode (1) eine Schicht (23)
aus einem kathodisch aktiven Material aut-

weist, die aut einen aus einem Metallgitter
bestehenden Stromabnehmer (22) aufgetragen
ist.

System nach Anspruoh 4, dadurch gekenn-
zeichnet, daB das kathodisch aktive Material
aus einem Polytluorkohlenstoff. FeSa, FeS,
CuO, MnOz oder BigOa besteht.

System nach Anspruch 5, dadurch gekenn-
zeichnet, daB das anodisch aktive Material aus
Lithium und das kathodisch aktive Material aus

MnOa bestehen. '

System nach Anspruch 4, dadurch gekenn-
zeichnet, claIS der aus einem Metallgitter aufge-
baute Stromabnehmer (22) aus Edelstahl be-
steht und auf beiden Seiten mit dem katho-
disch aktiven Material beschichtet ist.

Elektrochemische Zelle, gekennzeichnet durch
einen Elektrolyten sowie ein Elektrodensystem
nach einem der vorhergehenden Ansprtiche.

Elektrochemische Zelle naeh Anspruch 8, da-

durch gekennzeichnet, daB der Elektrolyt aus
einem Lo'sungsmittelgemisoh aus Propylenkar-
bonat und Dimethoxyathan sowie einem Lit-
hiumsalz besteht.

Elektrochemische Zelle nach Anspruch 8, da-

durch gekennzeiohnet, daB der Elektrolyt aus
einem Lésungsmittelgemisch aus Dimethoxy-
'eithan und Butyrolacton sowie einem Lithiums—
alz besteht.

Verfahren zur Herstellung einer elektrochemi-
schen Zelle, dadurch gekennzeichnet, daB

durch Aufbringen einer Schicht (12) aus einem
anodisch aktiven Material aut einen aus einer

Metallfolie bestehenden Stromabnehmer (13)
eine Anode (11) hergestellt wird,
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Uber dem anodisch akfiven Material ein isolie—

rendes Trennelement (15) aufgebracht und da-
mit ein Laminat erzeugt wird,

durch Beschichten mindestens einer Seite ei-

nes aus einem Metallfoliengitter bestehenden
Stromabnehmers (22) mit einem kathodisch
aktiven Material eine Kathode (1) hergestellt
wird,

das Laminat auf etwa die Hélfte so zusammen-

gefaltet wird, daB es die Kathode (1) um-
schlieBt,

der so entstandene Verband ziehharmonikaféir-

mig zusammengefaltet wird.

der so gefaltete Verband in sin Gehéuse ein-
gesetzt wird und

das Gehéuse mit einem Elektrolyten gerllt
wircL
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' In the Title

Kindly replace the Title with thefollowing:

13 . .

Bafiefi-eeHS-efié—meéed—fer—pfeduei-ng-sameBUTTON CELLS AND METHOD FOR
PRODUCING SAME
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In the Specification

A Substitute Specification (Marked-Up) is enclosed with the amendments to the Speci-

fication, together with a Substitute Specification (Clean Copy).
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In the Claims

Patent—Claims

1. (Currently Amended) A button cell Wompfising;

[l-ll 

housing cup and a housing top separated from one another by an electrically insulating

seal Wand which form a housing with a flat bottom area (-lGS;—593)—and a

flat top area (LG4;—504)—parallel to it, as—well—asan_d

[[-]] .within—the—heasingran electrode-separator assembly within the housing

comprising at least one positive and at least one negative electrode (—l-9§,—l96;—2-9-l,—2-92-;

Winthe form of flat layers and are—connected to

one another by at least one flat sepamtorWfiWGéfiwég—WJ),

withwherein the electrode layers beingg aligned essentially at right angles to the flat

bottom and top areas and the button cell is closed without being beaded over.

2. (Currently Amended) The button cell as claimed in claim 1, ehameteézed—ia

thatwm the electrodes and/or the separator are/is in the form of strips or ribbons.

3. (Currently Amended) The button cell as claimed in claim l—eF—elaim—Z,

ehafaeteri-zed—ia—thatm the electrode-separator assembly is in the form of a Winding—(209;

300%404fi—in—panieular—a-spiral winding[[,]] whose end faces Wface in [[thefla

direction of the flat bottom area and the flat top area.

4. (Currently Amended) The button cell as claimed in claim 3, eharaeteiézed—éa

thatwherein the winding has an axial cavity in its center, which axial cavity is at least partially

filled by a winding core—(WW.
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5. (Currently Amended) The button cell as claimed in one—eti—the—preeeding

claim[[s]]_1, mm the electrode-separator assembly. has one of the

following layer sequences:

[[-]] negative electrode/separator/positive electrode/separatorm

[[-]] positive electrode/separator/negative electrode/separator;

6. (Currently Amended) The button cell as claimed in ene-ef—the—preeed-i-ag

claim[[s]]_l_, eharaetesized—ia—aeamherein the positive electrode Wand/or the negative

electrode Ware/is connected via an output conductorWmthe housing

in [[the]]a_n area of the flat bottom area and/or of the flat top area.

7. (Currently Amended) The button cell as claimed in eae—ef—claimflsfl 3—te—6,

eharaeterized—in—t-hat—the—buaea-eell—eempfisesfimher comprising at least one insulatiagmeans

(4+3,—4—1-4-);insulator which prevents direct-mechanical and electrical contact between the end

faces of the winding and the flat bottom and top areas.

8. (Currently Amended) The button cell as claimed in claim 7, eharaeterized—ifi

thatwherein the at least one iasulat—iag—means—Winsulator is a flat layer composed of

plasticrfer—example—a—plastiefilmrwhieh-is arranged between the end faces of the winding and

the flat bottom and top areas.

9. (Currently Amended) The button cell as claimed in eae—efi—the—preeeéing

claim[[s]]_1, eharaetefized—in—that—the—bufiea—eellwhich is rechargeable.

10. (Currently Amended) The button cell as claimed in eae—of—t-he—preeeding

claim[[s]]_l, ehafieteri-zeé—ia—that—the—buaeweell—hashaving a heightzdiameter ratio of < 1;
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11. (Currently Amended) A method for producing a button cellria-partieu-lar—eabuttea

sell—W according to Whimflsn_1, . l l . _

 
insertedcomprising inserting an electrode-seawater assembly with electrodes in the form of a flat

layer into the housing such that the electrode layers are aligned essentially at right angles to the

flat bottom and top maxim-3,494): wherein the housing comgrises a metallic cup part

and a metallic top part.

12. (Currently Amended) The method as claimed in claim ll, e-hafaeteeized—ia

thatwherein the electrode-separator assembly is inserted as a vrinding—(EGGe—éiOGHOQHH

.1 'l'l'.

13. (Currently Amended) The method as claimed in claim 12, further comprising—the

fellewiag—steps:

[[-]] iasefiiea—efinserting the winding Winto the metallic top part-902:

MAE

[[-]] iaser—tien—efinserting the metallic top part with the winding into a metallic cup part

.1 l ’ l l' l l .E l .

14. (Currently Amended) The method as claimed in claim lZ—er—B, eharaeteeized—in

thatwherein the winding (2009MB heat-treated on its end faces Whefore
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being installed, with it being at least greatlyfor a short time subjected to a temperature at which

the separatorWW3thermoplastically deformable.
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In the Abstract

Kindly replace the Abstract with thefollawing:

A button cell Wineludes a housing

hfifipaWWWieh—amneeted—tecup and a housing tog separated

from one another forming-ab); an electrically insulating seal[[,]] and which form a housing with a

flat bottom area él-OS;—50-3)—and a flat top area (—1-94-;—594—)—parallel to it,—-with and an electrode-

separator assembly within the housing including at least one positive and at least one negative

electrode in the form of flat layers being

manged—uéthin—the—heusing—and being—connected to one another sea—ab); at least one flat

separatorflOWiHG-k—‘W, withwherein the electrode layers being aligned

essentially at light angles to the flat bottom and top areasr—A-metlaed4s—alse—deseébed—4br

 

predaeing—a and the button cell sueh—aS-tHsis closed without being beaded over.

JLab/Cambridge, Exh. 1002, p. 140



JLab/Cambridge, Exh. 1002, p. 141

W02010/089152A1|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMlVIENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

(19) Weltorganisation fiir geistiges Eigentum
Internationalcs Biiro

(43) Internationales Veriiffentlichungsdatum
12. August 2010 (12.08.2010)  (10) Internationale Veriiffentliehungsnummer

WO 2010/089152 A1
 

(51) Internationale Patentklassifikation:
H0104 [0/04 (2006.01) H01M 2/02 (2006.01)

(21) Internationales Aktenzeichen: PCT/EP2010/000787

(22) lnternationales Anmeldedatum:
9. Februar 2010 (09.02.2010)

(25) Einrcichungssprachc: Deulsch

(26) Verfiffentliehungsspraehe: Deutsch

(30) Angaben zur Prioritat:
10 2009 008 859.8

9. Februar 2009 (09.02.2009) DE
10 2009 030 359.6 18. Juni 2009 (18.06.2009) DE
10 2009 060 788. 9

.2Dezember 2009 (22.12.2009) DE

(71) Anmcldcr fir ulle Bestimmungysluuten mit Ausnuhme
van US): VAR'l‘A MICROBATTERY GMBH
[DE/DE]; Am Leinufer 51, 30419 Ilannover (DE).

(72) Erfinder; und
(75) Erfinder/Anmelder (mm fiir US): l’YTLlK, Eduard

[DE/DE]; Alemannenstrasse 7, 73479 Ellwangen (DE).
LINDNER, Jiirgen [DE/DE]; Kottenwiesen 9, 73479
Ellwungen (DE). BARENTHIN, Ulrich [DE/DE]; Balm—

hofstrasse 6/1, 73479 Ellwangen (DE). GAUGLER,
Winfried [DE/DE]; Birklen 26, 73479 Ellwnngen (DE).

(74) Anwalt: EBERLE, Michael; Ruff, Wilhelm, Beier,
Dauster & Partner, Postfach 10 40 36, 70035 Stuttgart
(DE).

(81) Bestimmungsstaaten (sowez‘t nicht anders angegeben, szr
jea’e velfzigbare mztianale Sc'hulzrechmart): AE, AG, AL,
AM, A0, AT, AU, AZ, BA, BB, BG, BH, BR, BVV, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN,
KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA,
MD, ME, MG, MK, MN, MW, lVIX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC.
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZVV.

(84) Bestimmungsstmltcn (S'uweit m'chl antlers ungegeben, ffir
jede veiy'iigbare regionale Schulzrechtsart): ARIPO (BVV,
GII, GM, KE, LS, MW', MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW’), eurasisches (AM, AZ, BY, KG, KZ, lVlD, RU,
TJ, TM), europaisches (AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, lVIK, MT, NL, NO, PL, PT, RO, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GVV, ML, MR, NE, SN, TD, TG).

[Fortsetzzmg cmfder niic/zsten Seitej

(54) Title: BUTTON CELLS AND METHOD FOR l’RODUClNG SAlVlE

(54) Bezeichnung : KNOPFZELLEN UND VERFAHREN ZU IHRER HERSTELLUNG

502 506
   

 

 
 

”lawn,”

  

        
 

504

500

511

/
 \

””11”.”qu

   

I

/n-=:--,7 ,- ,Ig,- ’o\7‘? \/ fl ’I-

9? 2$é§%/?§%§é 3":
501 V /\/\/ f /\/ MM ¢\/\/ /\/\/ In

W ¢\¢\¢/¢§¢s¢ I.~ /\/\/ / /\/ M..w /\/\/ /\/_/ 1.

Yr

 507

503

 

(57) Abstract: A button cell (100; 400; 500) is described, comprising two metal housing halves (101, 102; 401, 402; 501, 502),
which are sealingly connected to each other and form a housing having a planar base area (103; 503) and a planar cover area (104;
504) parallel thereto, wherein positive and negative electrodes (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) are arranged as
flat layers inside the housing and are connected to each other via an areal separator (107; 203; 302, 303' 405, 406, 507), wherein
the electrode layers have an orthogonal orientation relative to the planar base and cover areas. Furthermore, a method for produ—
cing such a button cell is described.

(57) Zusammenfassung:
[Fartsetzung LII/1f der niichsten Seite]
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Vcriiffcntlicht:

— mit internutiunulem Recherchenbericht (Artikel 21 Absatz
3)

Beschrieben Wird eine Knopfzelle (100; 400; 500), umfassend zwei metallische Gehiiusehalbteile ( 101, 102; 401, 402; 501, 502),
welchc dichtcnd mitcinandcr verbundcn sind und cin Gch'eiusc mit cincm cbcncn Bodcnbcrcich (_103; 503) 11nd cincm dazu paral-
lclcn cbcncn Dcckclbcrcich (104; 504) ausblldcn, wobci inncrhalb dcs Gchéiuscs als flachc Schichtcn ausgcbildctc positive und
negative Elektroden (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) angeordnet sind, die fiber einen flachigen Separator (107;
203; 302, 303; 405, 406; 507) miteinander verbunden sind, wobei die Elektrodenschichten orthogonal zu dem ebenen Boden- und
Deckelbereich ausgerichtet sind. VVeiterhin Wird ein Verfahren 2111‘ Herstelhmg einer solchen Knopfzelle beschrieben.
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Knopfzellen und Verfahren zu ihrer Herstellung

Die vorliegende Erfindung betrifft Knopfzellen umfassend zwei metalli-

sche Gehausehalbteile, die durch eine elektrisch isoiierende Dichtung

voneinander getrennt sind und die ein Gehause mit einem ebenen Bo-

denbereich und einem dazu parallelen ebenen Deckelbereich ausbilden

sowie innerhalb des Gehauses mit einem Elektroden-Separator—

Verbund, umfassend mindestens eine positive und mindestens eine ne-

gative Elektrode, die als flache Schichten ausgebildet und Cuber mindes-

tens einen flachigen Separator miteinander verbunden sind, sowie ein

Verfahren zur Herstellung von solchen Knopfzellen.

Knopfzellen weisen Ublicherweise ein Gehause aus zwei Gehausehalb-

teilen, einem Zellenbecher und einem Zellendeckel, auf. Diese konnen

beispielsweise aus vernickeitem Tiefziehblech als Stanzziehteile herge-

stellt werden. Gewohnlich ist der Zellenbecher positiv und der Gehause-

deckel negativ gepolt. In dem Gehause konnen die verschiedensten e-

lektrochemischen Systeme enthalten sein, beispielsweise Zink/MnOz,

primare und sekundare Lithium-Systeme oder sekundare Systeme wie

Nickel/Cadmium oder Nickel/Metallhydrid.

Sehr verbreitet sind z.B. wiederaufladbare Knopfzellen auf Basis von

Nickel-Metallhydrid— oder Lithium-lonen—Systemen. Bei Lithium-lonen-

Knopfzellen werden die elektrochemisch aktiven Materialien innerhalb

des Knopfzellengehauses flblicherweise nicht in Form von einzelnen,

durch einen Separator voneinander getrennten, tablettenformigen Elekt-

roden angeordnet. Stattdessen werden bevorzugt vorgefertigte Elektro—

den—Separator—Verbflnde flach in das Gehause eingelegt. Als Separator

dient dabei bevorzugt eine porose Kunststofffolie, auf welche die Elekt-

roden flachig auflaminiert oder aufgeklebt sind. Der Gesamtverbund aus

Separator und Elektroden ist dabei in der Regel maximal wenige 100 pm

BESTATIGUNGSKOPIE
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dick. Um Knopfzellengehéuse flblicher Dimensionen ausfflllen zu kén-

nen, werden daher héufig mehrere solcher VerbiJnde flach Ubereinander

gelegt. Auf diese Weise lassen sich Stapel in grundsétzlich beliebiger

Héhe erhalten, jeweils abgestimmt auf die zur Verngung stehenden Di-

mensionen des Knopfzellengehéuses, in das der Stapel verbaut werden

so". So wird eine optimale Ausnutzung des zur Verfflgung stehenden

Geha‘iuseinnenraumes gewéhrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elek-

troden-Separator—Verbunden enthalten, allerdings auch diverse Proble-

me auf. Zum einen ist es natUrlich erforderlich, Elektroden von jeweils

gleicher Polaritét innerhalb des Stapels miteinander zu verbinden und

dann jeweils mit dem entsprechenden Pol des Knopfzellengehéuses zu

kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-

terialkosten, der durch sie eingenommene Raum steht zudem fiir Aktiv—

material nicht mehr zur Verfl'Jgung. Die Herstellung der Elektrodenstapel

ist darUber hinaus kompliziert und teuer, da bei der Kontaktierung der

VerbUnde untereinander leicht Fehler auftreten kénnen, die die Aus-

schussrate erhéhen. Zum anderen wurde festgestellt, dass Knopfzellen

mit einem Stapel aus Elektroden und Separatoren sehr schneli undicht

werden.

Der flUssigkeitsdichte Verschluss von Knopfzellen erfolgt klassisch durch

Umbérdeln des Randes des Zellenbechers fiber den Rand des Zellen-

deckels in Verbindung mit einem Kunststoffring, der zwischen Zellenbe—

cher und Zellendeckel angeordnet ist und der gleichzeitig als Dichtungs-

element sowie zur elektrischen lsolierung des Zellenbechers und des

Zellendeckels dient. Derartige Knopfzellen sind beispielsweise in der DE

31 13 309 beschrieben.

Alternativ ist es jedoch auch mégiich, Knopfzellen zu fertigen, bei denen

Zellenbecher und Zellendeckel in axialer Richtung ausschlieBlich durch

eine kraftschlflssige Verbindung zusammengehalten werden und die

keinen umgebérdelten Becherrand aufweisen. Derartige Knopfzellen
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sowie ein Verfahren zu ihrer Herstellung sind in der noch unverb'ffent—

lichten deutschen Patentanmeldung mit dem Aktenzeichen 10 2009 017

514.8 beschrieben. Ungeachtet der diversen Vorteile, die solche Knopf—

zellen ohne Bdrdelung aufweisen kénnen, sind sie in axialer Richtung

jedoch weniger belastbar als vergleichbare Knopfzellen mit umgebérdel—

tem Becherrand, insbesondere was axiale mechanische Belastungen

angeht, die ihre Ursache im lnneren der Knopfzelle haben. So sind zum

Beispiel die Elektroden von wiederaufladbaren Lithium-lonen-Systemen

bei Lade- und Entladevorgéngen stets Volumenénderungen ausgesetzt.

Die dabei auftretenden axialen Kréfte kénnen bei Knopfzellen ohne Bér—

delung natflrlich vergleichsweise leichter zu Undichtigkeiten fuhren als

bei Knopfzellen mit Bérdelung.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, eine Knopfzelle

bereitzustellen, bei der die oben angesprochenen Probleme nicht oder

nur in stark verringertem Mars auftreten. Die Knopfzelle soll insbesonde~

re gegenflber in axialer Richtung auftretenden mechanischen Belastun-

gen widerstandsféhiger sein als herkémmliche Knopfzellen. insbesonde-

re auch dann, wenn sie als Knopfzelle ohne umgebérdelten Becherrand

gefertigt wird.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1. Bevorzugte Ausfflhrungsformen der erfindungsgeméBen

Knopfzelle sind in den abhéngigen Anspruchen 2 bis 10 definiert. Auch

das Verfahren geméB Anspruch 11 trégt zur Lésung der erfindungsge—

méfsen Aufgabe bei. Bevorzugte Ausfflhrungsformen des erfindungsge-

méBen Verfahrens sind in den abhéngigen AnsprUchen 12 bis 14 defi-

niert. Der Wortlaut sémtlicher Ansprflche wird hiermit durch Bezugnah—

me zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgeméiBe Knopfzelle umfasst stets zwei metallische Ge-

héusehalbteile, die durch eine elektrisch isolierende Dichtung voneinan-

der getrennt sind und die ein Gehéuse mit einem ebenen Bodenbereich

und einem dazu parallelen ebenen Deckelbereich ausbilden. Bei den
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beiden Gehausehalbteilen handelt es sich, wie eingangs bereits er-

wahnt, in der Regel um einen sogenannten Gehausebecher und einen

Gehausedeckel. Als Gehausehalbteile sind insbesondere Teile aus ver-

nickeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werk—

stoff geeignet sind insbesondere Trimetalle, beispielsweise mit der Ab-

folge Nickel, Stahl (oder Edelstahl) und Kupfer (wobei die Nickelschicht

bevorzugt die AuBen- und die Kupferschicht bevorzugt die lnnenseite

des Knopfzellengehauses bildet).

Als Dichtung kann beispielsweise eine SpritzguB- oder eine Foliendich-

tung zum Einsatz kommen. Letztere sind beispielsweise in der DE 196

47 593 beschrieben.

lnnerhalb des Gehauses umfasst eine erfindungsgemaBe Knopfzelle

einen Elektroden-Separator—Verbund mlndestens eine positive und min—

destens eine negative Elektrode. Diese liegen jeweils in Form von fla—

chen Elektrodenschichten vor. Miteinander verbunden sind die Elektro-

den Uber einen flachigen Separator. Bevorzugt sind die Elektroden auf

diesen Separator auflaminiert oder aufgeklebt. Die Elektroden und der

Separator weisen in der Regel jeweils nur Dicken im pm-Bereich auf. Als

Separator dient in der Regel eine porése Kunststofffolie.

lm Gegensatz zu den eingangs erwahnten Knopfzellen zeichnet sich die

erfindungsgemafse Knopfzelle insbesondere dadurch aus, dass die E-

lektrodenschichten eine ganz besondere Orientierung aufweisen, sie

sind namlich im wesentlichen orthogonal zu dem ebenen Boden- und

Deckelbereich ausgerichtet. Wahrend aus dem Stand der Technik be-

kannte Knopfzellen mit gestapelten Elektroden-Separator-Verbfinden

diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im

wesentlichen parallel zu den ebenen Boden- und Deckelbereichen aus-

gerichtet sind, ist bei einer erfindungsgemafsen Knopfzelle das Gegenteil

der Fall.
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Die orthogonale Ausrichtung der Elektrodenschichten hat einen uner-

wartet deutlichen Vorteil, es wurde namlich festgestellt, dass diese Aus-

richtung mit einer deutlichen Verbesserung der Dichtigkeitseigenschaf-

ten einer erfindungsgemaBen Knopfzelle einhergeht, insbesondere bei

Knopfzellen auf Basis von Lithium-lonen-Systemen. Die Elektroden von

wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade-

vorgangen stets Volumenanderungen ausgesetzt. Zu solchen Volumen-

anderungen kann es naturlich auch bei den Elektroden einer erfin-

dungsgemaBen Knopfzelle kommen. Die dabei entstehenden mechani-

schen Kréfte wirken jedoch nicht mehr primar axial, wie das im Falle ei—

nes flach eingelegten Stapels aus Elektroden-Separator—Verbflnden der

Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken

sie vielmehr radial. Radiale Krafte kénnen von dem Gehause einer

Knopfzelle sehr viel besser aufgenommen werden als axiale. Vermutlich

lassen sich darauf die verbesserten Dichtigkeitseigenschaften zurUck—

fuhren.

Besonders bevorzugt sind die Elektroden und der flachige Separator ei-

ner erfindungsgemaBen Knopfzelle jeweils streifen— oder bandférmig

ausgebildet. So kann zur Herstellung einer erfindungsgemarsen Knopf—

zelle beispielsweise von einem als Endlosband vorliegenden Separator—

material ausgegangen werden, auf das die Elektroden flachig, insbe-

sondere wieder in Form von Streifen oder zumindest von- Rechtecken,

aufgebracht, insbesondere auflaminiert, werden.

lm Gehause einer erfindungsgemafsen Knopfzelle liegt dieser Verbund

besonders bevorzugt in Form eines Wickels, insbesondere in Form ei—

nes spiralférmigen Wickels, vor. Derartige Wickel lassen sich nach be—

kannten Verfahren (s. 2.3. DE 36 38 793) recht einfach herstellen, in-

dem auf einen als Endlosband vorliegenden Separator die Elektroden

flachig, insbesondere in Form von Streifen, aufgebracht, insbesondere

auflaminiert, werden. Aufgewickelt wird der Verbund aus Elektroden und

Separatoren dabei in der Regel auf einen sogenannten Wickeldorn.

Nach Abstreifen des Wickels vom Wickeldorn bleibt im Zentrum des Wi-
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ckels ein axialer Hohlraum zurfick. Das hat zur Folge, dass sich der Wi-

ckel gegebenenfalls in diesen Hohlraum hinein entspannen kann. Dies

kann jedoch unter Umsténden zu Problemen bei der elektrischen Kon-

taktierung der Elektroden mit den metallischen Gehéusehalbteilen fCIh-

ren, was im Folgenden noch genauer beschrieben wird.

Der Elektrodenwickel ist innerhalb einer erfindungsgeméBen Knopfzelle

(damit die Elektrodenschichten des Wickels orthogonal zu dem ebenen

Boden- und Deckelbereich des Gehéuses ausgerichtet sind) bevorzugt

derart angeordnet, dass die Stirnseiten des Wickels in Richtung des e—

benen Bodenbereichs und des ebenen Deckelbereichs weisen.

GeméB der vorliegenden Erfindung ist es vorgesehen, dass eine erfin—

dungsgeméBe Knopfzelle in bevorzugten Ausfflhrungsformen einen fes—

ten Wickelkern im Zentrum des Wickels aufweist, der den axialen Hohl-

raum im Zentrum des Wickels mindestens teilweise ausfullt. Ein solcher

Wickelkern fixiert den Elektrodenwickel in radialer Richtung und verhin—

dert eine mogliche Implosion des Wickels in den axialen Hohlraum. Bei

einer derartigen Entspannung des Wickels lésst auch der Druck nach,

den die Stirnseiten des Wickels in axialer Richtung und damit in Rich—

tung dort gegebenenfalls angeordneter Ableiter (hierzu unten noch

mehr) ausUben. Wird dies unterbunden, so resultieren in der Regel auch

keine Probleme mit der elektrischen Kontaktierung der Elektroden und

der metallischen Gehéusehalbteile.

Daneben verbessert ein solcher Wickelkern auch die Stabilitét der erfin-

dungsgeméBen Knopfzelle gegenfiber z'iuBeren mechanischen EianCIs-

sen. Eine Beschéidigung des Elektrodenwickels in der Knopfzelle durch

einen éuBeren mechanischen Druck in axialer Richtung ist in der Regel

nicht mehr moglich.

Geméfs der bevorzugten Ausfflhrungsform des Elektrodenwickels als

spiralformiger Elektrodenwickel ist der erwéhnte axiale Hohlraum im

Zentrum des Wickels vorzugsweise im Wesentlichen zylindrisch (insbe-
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sondere kreiszylindrisch) ausgebildet. Mantelseitig wird er durch den

Wickel begrenzt, stirnseitig durch entsprechende Flachen des Boden—

bzw. des Deckelbereichs des Knopfzellengehéuses.

Entsprechend ist auch der in einer erfindungsgemaBen Knopfzelle ent—

haltene Wickelkern bevorzugt als Zylinder, insbesondere als Hohlzylin-

der, ausgebildet. Die Hohe eines solchen Zylinders entspricht bevorzugt

dem jeweiligen Abstand des ebenen Bodenbereichs von dem dazu pa-

rallelen ebenen Deckelbereich.

In besonders bevorzugten Austhrungsformen kann der Wickelkern ra-

dial selbstexpandierende Eigenschaften aufweisen. Es ist zum Beispiel

moglich, den Wickelkern in einer radial komprimierten Konfiguration in

den axialen Hohlraum des Wickels einer erfindungsgemaBen Knopfzelle

einzufuhren. Bei Entspannung des radial komprimierten Wickelkerns ubt

dieser einen radialen Druck auf den ihn umgebenden Elektrodenwickel

aus und gewahrleistet so einen Anpressdruck auch in axialer Richtung.

Als radial selbstexpandierender Wickelkern kann beispielsweise ein axi-

al geschlitzter Hohlzylinder zum Einsatz kommen. Alternativ sind jedoch

auch andere radial selbstexpandierende Materialien, beispielsweise auf

Kunststoffbasis, denkbar.

Besonders bevorzugt besteht der Wickelkern aus einem Metall wie

Edelstahl oder aus Kunststoff.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator

in einer erfindungsgemalsen Knopfzelle eine der folgenden Schichtab-

folgen auf:

- negative Elektrode / Separator / positive Elektrode / Separator

oder
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. positive Elektrode / Separator / negative Elektrode / Separator.

Derartige VerbiJnde lassen sich sehr einfach herstellen und aufwickeln,

ohne dass es zu KurzschlUssen zwischen entgegengesetzt gepolten

Elektroden kommt.

Bei den in einer erfindungsgemaBen Knopfzelle einsetzbaren Separato-

ren handelt es sich vorzugsweise um Folien aus mindestens einem

Kunststoff. insbesondere aus mindestens einem Polyolefin. Bei dem

mindestens einen Polyolefin kann es sich beispielsweise um Polyethylen

handelt. Es konnen aber auch mehrlagige Separatoren verwendet wer—

den, beispielsweise Separatoren aus einer Abfolge verschiedener Polyo-

lefinschichten, z.B. mit der Sequenz Polyethylen/Polypropylen/Polyethy—

len.

Zur Herstellung von Verbflnden der oben genannten Abfolge mUssen

nicht zwingend mehrere separate Separatoren zum Einsatz kommen.

Vielmehr kann ein Separator auch um das Ende einer der Elektroden

umgeschlagen werden, so dass im Ergebnis beide Seiten dieser Elekt-

rode von dem Separator bedeckt werden.

Die in einer erfindungsgemaBen Knopfzelle bevorzugt einsetzbaren Se-

paratoren weisen bevorzugt eine Dicke zwischen 3 pm und 100 pm, ins-

besondere zwischen 10 pm und 50 pm, auf.

Die Elektroden einer erfindungsgemaBen Knopfzelle weisen bevorzugt

eine Dicke zwischen 10 pm und 1000 pm, insbesondere zwischen 30

pm und 500 um, auf.

In bevorzugten AusfiJhrungsformen einer erfindungsgemafien Knopfzel-

le sind die negative Elektrode und die positive Elektrode im Elektroden-

Separator—Verbund innerhalb des Verbundes versetzt zueinander ange-

ordnet. Unter einer versetzten Anordnung soll dabei verstanden werden,

dass die Elektroden derart angeordnet sind, dass in der erfindungsge-
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maBen Knopfzelle eine jeweils unterschiedliche Beabstandung der E—

lektroden zu den ebenen Boden— und Deckelbereichen resultiert. lm ein-

fachsten Fall konnen z.B. eine positive und eine negative Elektrode als

gleich breite Streifen leicht versetzt auf die gegenflberliegenden Seiten

eines Separatorbandes aufgebracht werden, so dass der Abstand der

positiven Elektrode zum oberen Separatorrand groBer ist als der ver-

gleichbare Abstand von der negativen Elektrode aus gemessen. Umge—

kehrtes gilt dann natflrlich im Hinblick auf den Abstand zum unteren Se-

paratorrand.

In besonders bevorzugten Ausfflhrungsformen liegt, vorzugsweise als

Resultat dieser versetzten Anordnung, die positive Elektrode, insbeson-

dere ein Rand der positiven Elektrode, unmittelbar am Becherteil an,

insbesondere im ebenen Bodenbereich des Becherteiis, wéhrend die

negative Elektrode, insbesondere ein Rand der negativen Elektrode,

unmittelbar am Deckelteil, insbesondere im ebenen Deckelbereich des

Deckelteils, anliegt. In dieser Ausfiihrungsform besteht ein unmittelbarer

elektrischer und mechanischer Kontakt zwischen den Elektroden und

dem Becher— bzw. Deckelteil. Die versetzte Anordnung der Elektroden

zueinander ermoglicht also eine Kontaktierung der Elektroden mit den

jeweiligen Gehauseteilen, ohne dass zusétzliche elektrische Kontakte

und Verbindungsmittel zum Einsatz kommen mflssen.

In alternativen bevorzugten Ausfflhrungsformen kann es allerdings auch

bevorzugt sein. dass zumindest eine der Elektroden, vorzugsweise so-

wohl die mindestens eine negative als auch die mindestens eine positive

Elektrode in einer erfindungsgemaBen Knopfzelle, fiber einen oder meh-

rere Ableiter mit den ebenen Boden- und Deckelbereichen verbunden

sind. Bei den Ableitern kann es sich beispielsweise um Ableiterfahnen

aus Kupfer oder einem anderen geeigneten Metall handeln. Elektroden-

seitig konnen die Ableiter 2.8. an einen Stromkollektor angebunden sein.

Eine Anbindung der Ableiter ans Gehause und/oder an die Stromkollek—

toren kann z.B. fiber Verschweissung oder fiber eine Klemmverbindung

erfolgen.
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lm einfachsten Fall kc'jnnen als Ableiter auch die Stromkollektoren von

positiver und negativer Elektrode selbst fungieren. Bei solchen Kollekto—

ren handelt es sich in der RegeI um metallische Folien oder Netze, die in

5 das jeweilige Elektrodenmaterial eingebettet sind. Unbedeckte Teilberei—

che, insbesondere Endstiicke, solcher Kollektoren kénnen umgebogen

und in Kontakt mit dem Knopfzellengehéuse gebracht werden.

Die Verwendung von Ableitern kann insbesondere dann vorteilhaft sein,

10 wenn die negative Elektrode und die positive Elektrode innerhalb des

Verbundes derart zueinander angeordnet sind, dass fiir die Elektroden

eine jeweiis gleiche Beabstandung zu den ebenen Boden- und Deckel-

bereichen resultiert. Oder mit anderen Worten, wenn die Elektroden in-

nerhalb des Elektroden-Separator-Verbundes nicht versetzt zueinander

15 angeordnet sind, wie es oben beschrieben wurde.

Allerdings besteht bei gleicher Beabstandung entgegengesetzt gepolter

Elektroden zu den ebenen Boden- und Deckelbereichen die Gefahr,

dass eine positive und eine negative Elektrode gleichzeitig das metalli—

20 sche Becher- oder Deckelteil berflhren, so dass ein Kurzschluss ent-

steht. In bevorzugten Ausfuhrungsformen kann die erfindungsgeméfse

Knopfzelle deshalb mindestens ein Isoliermittel umfassen, das einen di-

rekten und unmittelbaren mechanischen und elektrischen Kontakt zwi-

schen den Stirnseiten des Wickels und den ebenen Boden- und Deckel-

25 bereichen unterbindet.

In Weiterbildung ist es bevorzugt. wenn die Elektroden in einer solchen

erfindungsgeméfsen Knopfzelle fiber die bereits erwéhnten separaten

Ableiter mit den ebenen Boden- und Deckelbereichen verbunden sind.

30 Diese gewéhrleisten den elektrischen Kontakt zwischen den Elektroden

und dem Gehéiuse.

Dabei ist es bevorzugt, dass zumindest ein Teilabschnitt des oder der

Ableiter im Boden- bzw. im Deckelbereich des Gehéuses flach an der
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lnnenseite der Gehéusehalbteile anliegt. Ideal ist die elektrische Kontak—

tierung der Ableiter mit den lnnenseiten des Gehéuses natUrlich dann,

wenn sie zumindest leicht an das Gehéuse angepresst werden (falls sie

nicht ohnehin angeschweisst sind). Uberraschend effizient kann dies

durch geeignete Anordnung des oben enNéhnten Wickelkerns in einer

erfindungsgeméBen Knopfzelle erreicht werden.

Bei dem Isoliermittel kann es sich z.B. um eine flache Schicht aus

Kunststoff, beispielsweise um eine Kunststofffolie handeln, die zwischen

den Stirnseiten des Wickels und den ebenen Boden- und Deckelberei-

chen des Gehéuses einer erfindungsgeméBen Knopfzelle angeordnet

ist.

Bei der erfindungsgeméBen Knopfzelle handelt es sich entsprechend

den obigen Ausfuhrungen insbesondere um eine wiederaufladbare

Knopfzelle. Besonders bevorzugt weist eine erfindungsgeméBe Knopf-

zelle mindestens eine Lithium—interkalierende Elektrode auf.

Das Verhéltnis von Héhe zu Durchmesser liegt bei Knopfzellen definiti-

onsgeméts unterhalb von 1. Besonders bevorzugt liegt dieses Verhéltnis

bei einer erfindungsgeméBen Knopfzelle zwischen 0.1 und 0.9, insbe—

sondere zwischen 0.15 und 0.7. Unter der Ht'jhe soll dabei der Abstand

zwischen dem ebenen Bodenbereich und dem dazu parallelen ebenen

Deckelbereich verstanden werden. Der Durchmesser meint die maxima-

le Entfernung zweier Punkte auf dem Mantelbereich der Knopfzelle.

Besonders bevorzugt handelt es sich bei der erfindungsgeméfsen

Knopfzelle um eine Knopfzelle ohne Bérdelung, wie sie in der eingangs

bereits erwéhnten Patentanmeldung mit dem Aktenzeichen 10 2009 017

514.8 beschrieben ist. Entsprechend besteht zwischen den Gehéuse-

halbteilen bevorzugt eine ausschlieBlich kraftschlflssige Verbindung. Die

erfindungsgeméBe Knopfzelle weist also keinen umgeb'drdelten Becher-

rand auf, wie dies bei aus dem Stand der Technik bekannten Knopfzel—

len stets der Fall ist. Die Knopfzelle ist bérdelfrei verschlossen.
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FUr solche bordelfreien Knopfzellen greift man in der Regel auf Ubliche

Zellenbecher und Zellendeckel zurUck, die jeweils einen Boden- bzw.

einen Deckelbereich, einen Mantelbereich, einen zwischen Boden- bzw.

Deckelbereich und Mantelbereich angeordneten Randbereich und eine

Schnittkante aufweisen. Zusammen bilden Zellenbecher und Zellende-

ckel ein Gehause, das eine Aufnahme fI'Jr die Ublichen lnnenkomponen-

ten einer Knopfzelle wie Elektroden, Separator etc. bildet. Wie Ublich

sind in diesem Gehause der Bodenbereich des Zellenbechers und der

Deckelbereich des Zellendeckels im wesentlichen parallel zueinander

ausgerichtet. Die Mantelbereiche von Zellenbecher und Zellendeckel

sind in der fertigen Knopfzelle im wesentlichen orthogonal zum Boden-

bzw. zum Deckelbereich ausgerichtet und weisen bevorzugt eine im we-

sentlichen zylindrische Geometrie auf. Vorzugsweise sind lnnen- und

AuBenradius von Zellenbecher und Zellendeckel in den Mantelbereichen

im wesentlichen konstant. Die erwahnten Randbereiche von Zellenbe-

cher und Zellendeckel bilden den Ubergang zwischen den Mantelberei-

chen und dem Deckelbereich bzw. dem Bodenbereich. Sie sind also be-

vorzugt zum einen begrenzt durch die im wesentlichen eben ausgebilde—

ten Boden— und Deckelbereiche, zum anderen durch die orthogonal zu

diesen angeordneten im wesentlichen zylindrischen Mantelbereiche. Die

Randbereiche konnen beispielsweise als scharfe Kante oder auch abge-

rundet ausgebildet sein.

Zur Herstellung einer bordelfreien Knopfzelle geht man in der Regel so

vor, dass zunachst eine Dichtung auf den Mantelbereich eines Zellen-

deckels aufgebracht wird. In einem weiteren Schritt wird dann der Zel-

lendeckel mit der aufgebrachten Dichtung in einen Zellenbecher einge-

schoben, so dass sich ein Bereich ergibt, in dem die Mantelbereiche von

Zellenbecher und Zellendeckel Uberlappen. Die Grol'se des Uberlap-

pungsbereiches bzw. das Verhaltnis von uberlappendem Bereich zu

nicht fiberlappendem Bereichen ist dabei durch die jeweilige Hohe der

Mantelbereiche von Zellenbecher und Zellendeckel sowie durch die Tie—

fe des Einschubs festgelegt. Hinsichtlich des Mantelbereichs des Zel—
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lendeckels ist es bevorzugt, dass zwischen 20 % und 99 %, insbesonde-

re zwischen 30 % und 99 %, besonders bevorzugt zwischen 50 % und

99 %, mit dem Mantelbereich des Zellenbechers fiberlappen (die Pro-

zentzahlen beziehen sich jeweils auf die Héhe des Mantels bzw. des

Mantelbereichs). Vor dem Einschieben kénnen in den Gehéusebecher

und/oder in den Geha'usedeckel die sonstigen ublichen Bestandteile ei-

ner Knopfzelle (Elektroden, Separator, Elektrolyt etc.) eingesetzt wer-

den. Nach dem vollstandigen Einschieben des Zellendeckels in den Zel-

lenbecher wird auf den Mantelbereich des Zellenbechers, insbesondere

im Bereich der Schnittkante, ein Druck ausgeLibt, um das Gehéuse ab-

zudichten. Dabei sollen die zusammengefflgten Gehauseteile mdglichst

keinen oder nur sehr geringen Belastungen in axialer Richtung unterlie—

gen. Der Druck wird daher insbesondere radial angelegt. Abgesehen

von der bereits erwahnten Abdichtung des Gehauses kann so auch der

AuBendurchmesser des Zellengehauses kalibriert werden.

Besonders wichtig ist es dass die Héhen der Mantelbereiche von Zel-

lenbecher und Zellendeckel derart aufeinander abgestimmt sind, dass

die Schnittkante des Zellenbechers durch den Druck auf den Mantelbe—

reich des Zellenbechers gegen den Mantelbereich des Zellendeckels

gepresst wird. Die Héhen der Mantelbereiche sind also bevorzugt so

gewahlt, dass ein Umbiegen der Schnittkante des Zellenbechers nach

innen fiber den Randbereich des vollstandig in den Zellenbecher einge—

schobenen Zellendeckels nicht méglich ist. Es findet entsprechend keine

Umbérdelung des Randes des Zellenbechers Uber den Randbereich des

Zellendeckels statt. In Folge dessen weist der Zellenbecher einer nach

dem erfindungsgeméBen Verfahren gefertigten Knopfzelle einen Man-

telbereich mit einem im wesentlichen konstanten Radius in Richtung der

Schnittkante auf.

Bei nach einem soichen Verfahren hergestellten Knopfzelien besteht

zwischen den Gehéusekomponenten Zellenbecher, Zellendeckel und

Dichtung vorzugsweise eine ausschlieBlich kraf‘tschlijssige Verbindung.
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Der Zusammenhalt der Komponenten wird also bevorzugt im wesentli-

Chen nur durch Haftkraft gewéhrleistet.

Besonders bevorzugt wird zur Herstellung bordelfreier Knopfzellen ein

Zellenbecher verwendet, der zumindest in einem Teilbereich seines

Mantels konisch ausgebildet ist, so dass zumindest sein lnnendurch—

messer in Richtung der Schnittkante zunimmt. Dadurch wird das Ein-

schieben des Zellendeckels in den Zellenbecher deutlich erleichtert. Die

Dimensionen von Zellenbecher und Zellendeckel sind bevorzugt so auf-

einander abgestimmt, dass grolsere Gegenkréfte vorzugsweise erst bei

nahezu vollsténdigem Einschub des Deckels in den Becher auftreten.

Vorzugsweise liegt der Konuswinkel dabei zwischen 10 min und 3°, ins-

besondere zwischen 30 min und 1° 30 min.

Der Zellendeckel, der mit aufgebrachter Dichtung in den Zellenbecher

eingeschoben wird, ist in bevorzugten Ausfuhrungsformen zumindest in

einem Teil des Mantelbereiches zylindrisch ausgebildet. Dies betrifft ge-

gebenenfalls insbesondere den Teil des Mantelbereiches, der nach dem

Einschieben des Zellendeckels in den Zellenbecher mit dem erwéhnten

konisch ausgebildeten Teilbereich des Zellenbechermantels fiberlappt.

Besonders bevorzugt ist der Mantel des Zellendeckels und damit auch

der Mantelbereich zur Génze zylindrisch ausgebildet. Vorzugsweise

weist der Zellendeckel im Mantelbereich also einen konstanten AuBen—

radius auf. Dies betrifft gegebenenfalls insbesondere den Teil, der nach

dem Einschieben des Zellendeckels mit dem konisch ausgebildeten Teil

des Mantelbereichs des Zellenbechers Uberlappt.

Beim Einschieben eines Zellendeckels mit zylindrischem Mantelbereich

in einen zumindest in einem Teilbereich seines Mantels konisch ausge-

bildeten Zellenbecher, wie er oben beschrieben wurde, entsteht in der

Regel ein sich nach oben offnender Spalt zwischen Zellenbecher und

Zellendeckel. Dieser Spalt wird in der Regel durch den Druck auf den

Mantelbereich des Zellenbechers wieder beseitigt. So wird der Druck auf

den Mantelbereich des Zellenbechers gegebenenfalls so gewéhlt, dass
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der konisch ausgebildete Teil des Mantelbereichs des Zellenbechers

nach innen gedrflckt wird, bis die Innenseite des Zellenbechers und die

Aufsenseite des Zellendeckels im Liberlappenden Bereich im wesentli-

chen gleichmaBig voneinander beabstandet sind. Die resultierende

Knopfzelle weist Mantelbereiche auf, die parallel zueinander ausgerich-

tet sind, insbesondere im Uberlappenden Bereich.

Ein wichtiger Aspekt dabei ist die Wahl der Dichtung, die den Zellenbe-

cher mit dem Zellendeckel verbindet. Bevorzugt handelt es sich bei der

Dichtung um eine Kunststoffdichtung aus einem Thermoplasten.

Besonders bevorzugt handelt es sich bei der Kunststoffdichtung um eine

Foliendichtung, wie sie 2.8. in der bereits genannten DE 196 47 593 be-

schrieben ist, insbesondere um eine Foliendichtung aus einem Thermo-

plasten.

Foliendichtungen kt'mnen mit einer sehr gleichméBigen Dicke hergestellt

werden. Beim Anlegen eines geeigneten Drucks auf den Mantelbereich

des Zellenbechers ergibt sich eine Presspassung, infolge derer die her~

gestellte Knopfzelle ganz hervorragende Dichtigkeitseigenschaften auf-

weist. So erméglicht nicht zuletzt die Verwendung von Foliendichtungen

den Verzicht auf ein Umbbrdeln des Randes des Zellenbechers, ohne im

Gegenzug Nachteile bei sonstigen wichtigen Eigenschaften in Kauf neh-

men zu mijssen.

Ganz besonders bevorzugt kommen vorliegend Kunststoffdichtungen,

insbesondere Kunststofffolien, auf Basis von Polyamid oder auf Basis

von Polyetheretherketonen zum Einsatz.

Es ist bevorzugt, dass die Dichtung einer bérdelfreien Zelle eine Aus-

gangsdicke im Bereich zwischen 50 pm und 250 pm, besonders bevor-

zugt zwischen 70 pm und 150 pm, insbesondere von ca. 100 pm, auf—

weist. Unter dem Begriff ”Ausgangsdicke“ soll dabei die Dicke verstan-

den werden, die die Dichtung aufweist, bevor sie auf den Mantel des
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Zellendeckels aufgebracht wird. Im Gegensatz dazu soll unter dem Beg-

riff ,,Enddicke“ die Dicke der Dichtung in der fertigen Zelle verstanden

werden. Es ist klar, dass diese zumindest im Uberlappenden Bereich in

der Regel dem Abstand zwischen der Innenseite des Zellenbechers und

der Aufsenseite des Zellendeckels entspricht.

Damit eine ausreichend hohe Reibung zwischen Zellenbecher und Zel-

lendeckel entstehen kann, sollten sowohl die AuBen- als auch die Innen-

radien von Becher und Deckel aufeinander sowie auf die Dicke der Fo-

liendichtung abgestimmt werden. Nur so kann ein ausreichend hoher

Pressdruck entstehen, der die beiden Einzelteile zusammenhélt. Fl'Jr die

dabei verwendeten Teile gilt bevorzugt, dass die Differenz zwischen

dem AuBenradius des in den Zellenbecher einzuschiebenden Zellende-

ckels an der Schnittkante des Zellendeckels und dem kleinsten lnnenra-

dius des Zellenbechers in dem Teil des Mantelbereichs, der mit dem

Mantelbereich des Zellendeckels Uberlappt, kleiner ist als die Aus—

gangsdicke der verwendeten Dichtung. Besonders bevorzugt betrégt die

Differenz zwischen 10 % und 90 % der Ausgangsdicke, insbesondere

zwischen 3O % und 70 %, ganz besonders bevorzugt ca. 50 %.

Nach dem Einschieben des Zellendeckels in den Zellenbecher kann ein

Teil des Mantelbereiches des Zellenbechers radial nach innen eingezo-

gen werden. Es handelt sich dabei insbesondere um den Teil des Man-

telbereichs, der nicht mit dem Mantelbereich des Zellendeckels 'L'Iber-

Iappt.

Es wurde gefunden, class durch diesen radialen Einzug deutlich verbes-

sene Dichtigkeitseigenschaften erzielt werden kénnen. Durch das Ein-

ziehen des Bechermantels wird ein radialer Druck auf den an der ln-

nenwand des Gehéusebechers anliegenden Randabschnitt bzw. auf die

zwischen Gehéusedeckel und Gehéusebecher angeordnete Dichtung

ausgeubt, die in der Folge in diesem Bereich zusammengepresst wird.
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Das Einziehen kann zeitgleich zu der bereits erwéhnten Druckausflbung

auf den Mantelbereich des Zellenbechers erfolgen, bevorzugt erfolgt das

Einziehen aber in einem spéteren separaten Schritt.

Das erfindungsgeméBe Verfahren zur Herstellung einer Knopfzelle kann

insbesondere zur Herstellung von Knopfzellen dienen, wie sie vorste-

hend beschrieben wurde, also von Knopfzellen mit einem Gehéuse mit

einem ebenen Bodenbereich und einem dazu parallelen ebenen De—

ckelbereich. Es eignet sich sowohl zur Herstellung von bordelfreien

Knopfzellen als auch von solchen mit Bordelung.

Betreffend die bevorzugten Ausfuhrungsformen der einzelnen in einem

erfindungsgeméBen Verfahren verwendeten Komponenten (Gehéusetei-

le und —dimensionen, Elektroden, Separator etc.) kann somit vollum-

fénglich auf die obenstehenden Ausfflhrungen und Erléuterungen Bezug

genommen und verwiesen werden.

Das Gehéuse wird in der Regel aus einem metallischen Becheneil (Ge-

héusebecher) und einem metallischen Deckelteil (Gehéusedeckel) zu—

sammengefflgt, wobei ein Elektroden-Separator-Verbund mit als flache

Schicht ausgebildeten Elektroden derart in das Gehéuse eingesetzt

wird, dass die Elektroden orthogonal zu dem ebenen Boden- und De-

ckelbereich ausgerichtet sind.

Wie bereits ewvéhnt, wird der Elektroden—Separator—Verbund bevorzugt

in Form eines Wickels verbaut, insbesondere als spiralformiger Wickel.

In aller Regel umfasst das erfindungsgeméBe Verfahren stets die Schrit—

te

o Einsetzen des Wickels in das metallische Deckelteil und

0 Einsetzen des metallischen Deckelteils mit dem Wickel in ein me-

tallisches Becherteil.

JLab/Cambridge, Exh. 1002, p. 159
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Danach erfolgt optional das Umbordeln des Randes des Becherteils u-

ber den Rand des Deckelteils.

Sofern eine bordelfreie Knopfzelle hergestellt wird, werden die entspre-

chenden oben beschriebenen Schritte durchgefflhrt.

Vor dem SchlieBen des Gehauses werden die Elektroden Ublicherweise

noch mit Elektrolytlésung getrankt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerollt auf einem

Wickeldorn. Nach dem oder beim Einsetzen kann der Wickeldorn dann

entfernt werden. Gegebenenfalls wird dann der oben erwahnte Wickel-

kern eingesetzt. Alternativ kann der Elektroden-Separator—Verbund auch

gleich unmittelbar auf einen solchen Kern aufgewickelt werden.

Besonders bevorzugt wird der spiralformige Wickel vor dem Verbauen

an seinen Stirnseiten warmebehandelt. Dabei wird er zumindest kurzfris—

tig einer Temperatur ausgesetzt, bei der der Separator in dem Wickel

thermoplastisch verformbar ist. In der Regel steht der Separator an den

Stirnseiten des Wickels etwas Uber, selbst unter der Voraussetzung,

dass die Elektroden mit dem oben beschriebenen Versatz zueinander

angeordnet sind. Durch die Wérmebehandlung kann der Separator et-

was zusammenschrumpfen und dadurch gegebenenfalls sogar den

Rand einer benachbarten Elektroden freilegen, so dass dieser unmittel-

bar am Knopfzellengehause anliegen kann.

Die genannten und weitere Vorteile der Erfindung ergeben sich aus der

nun folgenden Beschreibung der Zeichnungen in Verbindung mit den

Unteransprflchen. Dabei konnen die einzelnen Merkmale der Erfindung

fflr sich allein oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Ausffihrungsformen dienen lediglich zur Erlauterung und

zum besseren Versténdnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.

JLab/Cambridge, Exh. 1002, p. 160
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Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten AusfiJh—

rungsform einer erfindungsgeméfsen Knopfzelle.

Fig. 2 illustriert den Effekt der Wérmebehandlung eines aufgewickel-

ten Elektrode—Separator-Verbundes, welche bei bevorzugten

Ausfflhrungsformen des erfindungsgeméL’sen Verfahrens zum

Einsatz kommt.

Fig. 3 zeigt einen Elektroden-Separator—Verbund in Form eines Wi-

ckels, wie er in einer erfindungsgeméBen Knopfzelle verbaut

werden kann.

Fig. 4 zeigt eine geschnittene Darstellung einer weiteren bevorzugten

Ausffihrungsform einer erfindungsgeméBen Knopfzelle.

Fig. 5 zeigt schematisch den Querschnitt einer bevorzugten Ausfuh—

rungsform einer erfindungsgeméBen Knopfzelle, bei der der

Rand des Zellenbechers nicht Uber den Rand des Zellende-

ckels gebérdelt ist.

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfuh-

rungsform einer erfindungsgeméflen Knopfzelle 100. Diese' weist ein

metallisches Becherteil 101 und ein metallisches Deckelteil 102 auf. U-

ber eine Dichtung 109 sind die beiden Teile dichtend miteinander ver-

bunden. Zusammen bilden sie ein Gehéuse mit einem ebenen Bodenbe-

reich 103 und einem dazu parallelen ebenen Deckeibereich 104 aus. lm

Gebrauchszustand bilden diese ebenen Bereiche 103 und 104 die Pole

der Knopfzelle, an denen eine Stromabnahme durch einen Verbraucher

JLab/Cambridge, Exh. 1002, p. 161
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erfolgen kann. Der Rand 110 des Zellenbechers 101 ist nach innen Uber

den Rand des Zellendeckels 102 gebordelt.

lm lnneren der Elektrode ist ein Verbund aus einer streifenformigen E-

lektrode 105, einer streifenformigen Elektrode 106 und den streifenfor-

migen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

105 und 106 sowie den Separatoren 107 liegt dabei in Form eines Wi-

ckels vor, der mit seinen Stirnseiten an den ebenen Bodenbereich 103

und den dazu parallelen ebenen Deckelbereich 104 anstosst. Aufgewi-

ckelt ist der Verbund auf dem Kern 108 im Zentrum der Knopfzelle 100.

Sowohl der Kern 108 als auch die um ihn gewickelten Elektroden und

Separatoren sind orthogonal zu den ebenen Boden- und Deckelberei—

chen 104 und 103 ausgerichtet. Sofern die Elektroden bei einem Lade-

oder Entladevorgang an Volumen gewinnen oder verlieren, wirken die

dabei resultierenden mechanischen Kréfte Uberwiegend radial und kon-

nen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuheben ist, dass die positive Elektrode 105 und die negative

Elektrode 106 jeweils unmittelbar an dem Becherteil 101 bzw. an dem

Deckelteil 102 der Knopfzelle 100 anliegen. Ein separater Ableiter zum

Verbinden der Elektroden mit dem Deckelteil 102 und dem Becherteil

101 ist nicht erforderlich.

Fig. 2 zeigt den Effekt der Wérmebehandlung eines Elektroden-Separa-

tor-Wickels 200, die in bevorzugten Ausfflhrungsformen des erfindungs—

gemafsen Verfahrens zur Herstellung einer Knopfzelle vorgesehen ist.

Dargestellt ist schematisch ein Wickel 200 aus einem Verbund aus einer

positiven Elektrode 201 (quergestreifte Balken), einer negativen Elektro-

de 202 (weisse Balken) und den Separatoren 203 (Ausschnitt). Die posi-

tive und die negative Elektroden 201 und 202 sind jeweils versetzt zu-

einander angeordnet. Die Separatoren 203 bestehen aus einem ther-

moplastisch verformbaren Material.

JLab/Cambridge, Exh. 1002, p. 162
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Setzt man die sich an den Stirnseiten 204 und 205 des Wickels 200 be-

findlichen Separatorrander einer hohen Temperatur aus (beispielsweise

250 °C, wie dargestellt), so schrumpfen diese Separatorrander. Die Se-

paratoren ziehen sich zumindest teilweise zwischen benachbarte Elek-

troden zurflck. Dabei werden an der Stirnseite 204 die Rander der nega—

tiven Elektrode 202 freigelegt, wahrend die Rander der positiven Elek-

trode 201 abgedeckt werden. An der Stirnseite 205 werden die Rander

der positiven Elektrode 201 freigelegt, wahrend die Rander der negati-

ven Elektrode 202 abgedeckt werden.

Beim Einsatz eines so behandelten Wickels ist gewahrleistet, dass E-

lektroden gleicher Polaritat jeweils nur am Gehausebecher oder am Ge-

h'a‘usedeckel unmittelbar anliegen kénnen. Separate elektrische Verbin-

dungen zwischen den Elektroden und den Gehéuseteilen sind nicht er-

forderlich.

Fig. 3 zeigt einen Elektroden—Separator—Verbund fUr erfindungsgemafse

Knopfzellen in Form eines Wickels 300, wobei die Darstellung A eine

Draufsicht senkrecht von oben auf eine der Stirnseiten 301 des Wickels

300 abbildet, wahrend in der Darsteliung B der Wickel 300 in einer An-

sicht schrag von oben dargestellt ist. Zu erkennen ist in beiden Fallen,

dass der Verbund zwei Lagen Separator 302 und 303 sowie zwei Elekt-

rodenschichten 304 und 305 (eine positive and eine negative Elektrode)

umfasst. Der Verbund ist spiralfc‘jrmig aufgewickelt und wird durch ein

Klebeband 306 auf seiner AuBenseite zusammengehalten.

Fig. 4 zeigt eine geschnittene Darstellung einer bevorzugten Ausfflh-

rungsform einer erfindungsgemaBen Knopfzelle 400. Zu erkennen ist

das Gehause der Knopfzelle aus dem Becherteil 401 und dem Deckelteil

402, zwischen denen die Dichtung 403 angeordnet ist. Innerhalb des

Gehauses ist ein Verbund aus Elektroden und Separatoren, wie er in

Fig. 3 dargestellt ist, als spiralférmiger Wickel 404 (im Querschnitt sche—

matisch dargestellt) enthalten. Gut zu erkennen sind auch hier die Sepa-

ratorlagen 405 und 406 sowie die entgegengesetzt gepolten Elektroden

JLab/Cambridge, Exh. 1002, p. 163
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407 und 408. Die Elektrode 407 ist dabei Uber den Ableiter 410 mit dem

Deckelteil 402 verbunden, wéhrend die Elektrode 408 Uber den Ableiter

409 mit dem Becherteil 402 verbunden ist. Der Ableiter 410 ist vorzugs-

weise mit dem Deckelteil 402 verschweisst. Dagegen ist der Ableiter 409

mit dem Becherteil 402 fiber eine Klemmverbindung verbunden (er ist

zwischen dem Stutzring 413, auf dem der Rand des Zellendeckels auf-

liegt, und dem Boden des Zellenbechers eingeklemmt). Zwischen den

Stirnseiten des Wickels und dem Becherteil 401 und dem Deckelteil 402

sind die Isoliermittel 411 und 412 angeordnet, bei denen es sich jeweils

um dUnne Kunststoffscheiben handelt. Durch diese wird verhindert, dass

Elektroden entgegengesetzter Polaritét gleichzeitig in Kontakt mit dem

Becher— oder dem Deckelteil 401 und 402 kommen k6nnen. Einem

Kurzschluss wird dadurch vorgebeugt.

Fig. 5 zeigt schematisch den Querschnitt einer bevorzugten Ausfuh-

rungsform einer erfindungsgemaBen Knopfzelle 500.

Diese weist ein metallisches Becherteil 501 und ein metallisches Deckel-

teil 502 auf. Uber eine Dichtung 510 sind die beiden Teile dichtend mit-

einander verbunden. Zusammen bilden sie ein Gehéuse mit einem ebe-

nen Bodenbereich 503 und einem dazu parallelen ebenen Deckelbe-

reich 504 aus. lm Gebrauchszustand bilden diese ebenen Bereiche 503

und 504 die Pole der Knopfzelle, an denen eine Stromabnahme durch

einen Verbraucher erfolgen kann.

Der Zellendeckel 502 ist in den Zellenbecher 501 eingeschoben, so

dass die Mantelbereiche des Zellendeckels und des Zellenbechers Uber—

lappen, wobei der Innenradius des Zellenbechers 501 im fiberlappenden

Bereich in Richtung der Schnittkante im wesentlichen konstant ist. Der

Rand des Zellenbechers 501 ist also nicht Uber den Rand 511 des Zel—

lendeckels 502 gebérdelt, bei der vorliegend beschriebenen bevorzug—

ten Austhrungsform einer erfindungsgeméBen Knopfzelle 500 handelt

es sich somit um eine b6rdelfreie Knopfzelle.
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lm lnneren der Elektrode ist ein Verbund aus einer streifenformigen E-

lektrode 508, einer streifenformigen Elektrode 509 und den streifenfor—

migen Separatoren 507 angeordnet. Der Verbund aus den Elektroden

508 und 509 sowie den Separatoren 507 liegt dabei in Form eines Wi-

ckels vor, dessen Stirnseiten in Richtung des ebenen Bodenbereichs

503 und des dazu parallelen ebenen Deckelbereichs 504 weisen. Auf-

gewickelt ist der Verbund auf dem Wickelkern 512 im Zentrum der

Knopfzelle 500. Sowohl der Kern 512 als auch die um ihn gewickelten

Elektroden und Separatoren sind orthogonal zu den ebenen Boden- und

Deckelbereichen 504 und 503 ausgerichtet. Sofern die Elektroden bei

einem Lade- oder Entladevorgang an Volumen gewinnen oder verlieren,

wirken die dabei resultierenden mechanischen Krafte uberwiegend radi—

al und konnen vom Mantelbereich der Knopfzelle 500 aufgefangen wer-

den.

Kontaktiert sind die positiven und die negativen Elektroden mit den Ge—

hausehalbteilen Becher und Deckel fiber den Ableiter 505 und den

Ableiter 506. Der Ableiter 505 besteht aus Aluminium, der Ableiter 506

aus Nickel (oder alternativ aus Kupfer). Bei beiden Ableitern handelt es

sich um dUnne Folien, die flach zwischen den Stirnseiten des Wickels

und den ebenen Deckel- bzw. Bodenbereichen 503 und 504 zum Liegen

kommen. Bedingt durch den Wickelkern 512 wird ein steter leichter An-

pressdruck auf die Ableiter aufrechterhalten. Von den Stirnseiten des

Wickels sind die Ableiter bevorzugt durch ein separates Isolatorelement

(in der Zeichnung nicht dargestellt) getrennt, beispielsweise durch eine

dflnne Folie.

JLab/Cambridge, Exh. 1002, p. 165
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Patentansgrflche

1. Knopfzelle (100; 400; 500), umfassend

- zwei metallische Gehausehalbteile (101, 102; 401, 402; 501,

502), die durch eine elektrisch isolierende Dichtung (109; 403;

510) voneinander getrennt sind und die ein Gehause mit einem

ebenen Bodenbereich (103; 503) und einem dazu parallelen

ebenen Deckelbereich (104; 504) ausbilden sowie

- innerhalb des Gehauses einen EIektroden—Separator—Verbund

umfassend mindestens eine positive und mindestens eine ne-

gative Elektrode (105, 106; 201, 202; 304, 305; 407, 408; 508,

509), die als flache Schichten ausgebildet und Uber mindestens

einen flachigen Separator (107; 203; 302. 303; 405, 406; 507)

miteinander verbunden sind,

wobei die Elektrodenschichten im Wesentlichen orthogonal zu

dem ebenen Boden— und Deckelbereich ausgerichtet sind.

2. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass die

Elektroden und/oder der Separator streifen- oder bandformig aus—

gebildet sind.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass der Elektroden-Separator-Verbund als Wickel (200;

300; 404) vorliegt, insbesondere als spiralformiger Wickel, dessen

Stirnseiten (204, 205; 301) in Richtung des ebenen Bodenbe—

reichs und des ebenen Deckelbereichs weisen.

4. Knopfzelle nach Anspruch 3, dadurch gekennzeichnet, dass der

Wickel in seinem Zentrum einen axialen Hohlraum aufweist, der

mindestens teilweise von einem Wickelkern (108; 512) ausgefflllt

ist.

JLab/Cambridge, Exh. 1002, p. 166
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Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass der Elektroden-Separator—Verbund eine der

folgenden Schichtabfolgen aufweist:

_ negative Elektrode / Separator / positive Elektrode / Separator

- positive Elektrode / Separator / negative Elektrode / Separator

Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass die positive Elektrode (408; 509) und/oder

die negative Elektrode (407; 508) Uber einen Ableiter (409, 410;

505, 506) mit dem Gehause im Bereich des ebenen Boden-

und/oder des ebenen Deckelbereichs verbunden sind.

Knopfzelle nach einem der AnsprUche 3 bis 6, dadurch gekenn—

zeichnet, dass sie mindestens ein Isoliermittel (413, 414) umfasst,

das einen direkten mechanischen und elektrischen Kontakt zwi-

schen den Stirnseiten des Wickels und den ebenen Boden- und

Deckelbereichen unterbindet.

Knopfzelle nach Anspruch 7, dadurch gekennzeichnet, dass es

sich bei dem mindestens einen Isoliermittel (413, 414) um eine

flache Schicht aus Kunststoff, beispielsweise um eine Kunst—

stofffolie handelt, die zwischen den Stirnseiten des Wickels und

den ebenen Boden- und Deckelbereichen angeordnet ist.

Knopfzelle nach einem der vorhergehenden AnsprUche, dadurch

gekennzeichnet, dass sie wiederaufladbar ist.

Knopfzelle nach einem der vorhergehenden AnsprUche, dadurch

gekennzeichnet. dass sie ein Verhaltnis Hohe : Durchmesser < 1,

vorzugsweise zwischen 0.1 und 0.9, insbesondere zwischen 0.15

und 0.7, aufweist.
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Verfahren zur Herstellung einer Knopfzelle, insbesondere einer

Knopfzelle (100; 400; 500) nach einem der_ vorhergehenden An-

sprfiche, wobei aus metallische Gehéusehalbteilen, insbesondere

einem metallischen Becherteil (101; 401; 501) und einem metalli—

schen Deckelteil (102; 402; 502), ein Gehéuse mit einem ebenen

Bodenbereich (103; 503) und einem dazu parallelen ebenen De-

ckelbereich (104; 504) montiert wird und wobei ein Elektroden-

Separator—Verbund mit als flache Schicht ausgebildeten Elektro-

den (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) derart in

das Gehéuse eingesetzt wird, dass die Elektrodenschichten im

Wesentlichen orthogonal zu dem ebenen Boden- und Deckelbe—

reich (103, 104; 503, 504) ausgerichtet sind.

Verfahren nach Anspruch 11, dadurch gekennzeichnet, dass der

E|ektroden-Separator-Verbund als Wickel (200; 300; 404) einge—

setzt wird, insbesondere als spiralformiger Wickel.

Verfahren nach Anspruch 12, umfassend die Schritte

- Einsetzen des Wickels (200; 300; 404) in das metallische Dec—

kelteil (102; 402; 502),

— Einsetzen des metallischen Deckelteils mit dem Wickel in ein

metallisches Becherteil (10.1; 401; 501),

— Gegebenenfalls Umbordeln des Randes des Becherteils.

Verfahren nach Anspruch 12 oder 13, dadurch gekennzeichnet,

dass der Wickel (200; 300; 404) vor dem Verbauen an seinen

Stirnseiten (204, 205; 301) wérmebehandelt wird, wobei er zumin-

dest kurzfristig einer Temperatur ausgesetzt wird, bei der der Se-

parator (107; 203; 302, 303; 405, 406; 507) thermoplastisch ver-

formbar ist.
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Beschreibung

Knopfzelle und Verfahren zu ihrer Herstellung

Die vorliegende Erfindung betrifft eine Knopfzelle mit einem Gehéuse

aus einem metallischen Becherteil und einem metallischen Deckelteil,

die dichtend miteinander verbunden sind, sowie ein Verfahren zur Her-

stellung von solchen Knopfzellen.

Wiederaufladbare Knopfzellen konnen unterschiedliche elektrochemi-

sche Systeme enthalten. Sehr verbreitet sind z. B. Knopfzellen auf Basis

von Nickel—Metallhydrid- sowie auf Basis von Lithium-Ionen—Systemen.

lnsbesondere bei Lithium-lonen-Knopfzellen werden die elektroche-

misch aktiven Materialien innerhalb des Knopfzellengehauses Ublicher-

weise nicht in Form von einzelnen, durch einen Separator voneinander

getrennten, tablettenformigen Elektroden angeordnet. Stattdessen wer—

den bevorzugt vorgefertigte Elektroden—Separator-Verbflnde flach in das

Gehause eingelegt. Als Separator dient dabei bevorzugt eine porose

Kunststofffolie, auf weiche die Elektroden fléchig auflaminiert oder auf-

geklebt sind. Der Gesamtverbund aus Separator und Elektroden ist da—

bei in der Regel maximal wenige 100 pm dick. Um Knopfzellengehause
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inlicher Dimensionen ausfflllen zu kdnnen, werden daher héufig mehre-

re solcher VerbUnde flach Ubereinander gelegt. Auf diese Weise lassen

sich Stapel in grundsétzlich beliebiger Hdhe erhalten, jeweils abge-

stimmt auf die zur VerfiJgung stehenden Dimensionen des Knopfzellen-

gehéuses, in das der Stapel verbaut werden soll. So wird eine optimale

Ausnutzung des zur VerfiJgung stehenden Gehéuseinnenraumes ge-

wéhrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elekt-

roden-Separator-Verbunden enthalten, allerdings auch diverse Proble-

me auf. Zum einen ist es natiJrIich erforderlich, Elektroden von jeweils

gleicher Polaritét innerhalb des Stapels miteinander zu verbinden und

dann jeweils mit dem entsprechenden Pol des Knopfzellengehéuses zu

kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-

terialkosten, der durch sie eingenommene Raum steht zudem fiJr Aktiv—

material nicht mehr zur Verngung. Die Herstellung der Elektrodenstapel

ist darCIber hinaus kompliziert und teuer, da bei der Kontaktierung der

Verbi'mde untereinander leicht Fehler auftreten kénnen, die die Auss—

chuL’srate erhdhen. Zum anderen wurde festgestellt, dass Knopfzellen

mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden kdnnen.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, Knopfzellen be-

reitzustellen, bei denen die genannten Probleme nicht auftreten. Die be-

reitzustellenden Knopfzellen sollten eine mdglichst einfache Konstrukti-

onsweise aufweisen, héchsten Anforderungen im Hinblick auf die Dich-

tigkeit im Betrieb geniJgen und sehr einfach herzustellen sein.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1 sowie das Verfahren mit den Merkmalen des Anspruchs 9.

Bevorzugte AusfiJhrungsformen der erfindungsgeméfien Knopfzelle sind

in den abhéngigen Ansprflchen 2 bis 8 angegeben. Bevorzugte Ausfuh-
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rungsformen des erfindungsgemafsen Verfahrens finden sich in den An-

spriJchen 10 bis 12. Der Wortlaut samtlicher Ansprfiche wird hiermit

durch Bezugnahme zum lnhalt dieser Beschreibung gemacht.

Eine erfindungsgemafie Knopfzelle weist ein metaliisches Becherteil und

ein metallisches Deckelteil auf, die dichtend miteinander verbunden

sind. Zusammen bilden die beiden Teile ein Gehéuse aus, das einen

ebenen Bodenbereich und einen dazu parallelen ebenen Deckelbereich

ausbildet. Als Becher- und Deckelteil sind insbesondere Teile aus verni-

ckeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werkstoff

geeignet sind insbesondere Trimetalle, beispielsweise mit der Abfolge

Nickel, Stahl (oder Edelstahl) und Kupfer (wobei dann die Nickelschicht

bevorzugt die AuBen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehauses bildet). Als Dichtung kann beispielsweise eine

Spritzguss- oder eine Foliendichtung zum Einsatz kommen.

Innerhalb des Gehéuses sind mindestens eine positive und mindestens

eine negative Elektrode angeordnet, und zwar jeweils in Form von fla—

chen Elektrodenschichten. Die Elektroden sind dabei Uber einen flachi—.

gen Separator miteinander verbunden. Vorzugsweise sind die Elektro-

den ‘auf diesen Separator auflaminiert oder aufgekiebt. Die Elektroden

und der Separator weisen in der Regel jeweils nur Dicken im pm-Bereich

auf. Sie bilden zusammen einen EIektroden—Separator-Verbund aus, wie

er bereits eingangs erwéihnt wurde.

lm Gegensatz zu den eingangs erwéhnten Knopfzellen zeichnet sich die

erfindungsgemaBe Knopfzelle jedoch insbesondere dadurch aus. dass

die Elektrodenschichten eine ganz besondere Orientierung aufweisen,

siesind namlich im wesentlichen orthogonal zu dem ebenen Boden- und

Deckelbereich ausgerichtet. Wéhrend aus dem Stand der Technik be-

kannte Knopfzellen mit gestapelten EIektroden-Separator—Verbflnden

diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im
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wesentlichen parallel zu den ebenen Boden— und Deckelbereichen aus-

gerichtet sind, ist bei einer erfindungsgemafsen Knopfzelle das Gegenteil

der Fall.

Die orthogonale Ausrichtung der Elektrodenschichten hat einen uner—

wartet deutlichen Vorteil, es wurde namlich festgestellt, dass diese Aus-

richtung mit einer deutlichen Verbesserung der Dichtigkeitseigenschaf—

ten einer erfindungsgemaBen Knopfzelle einhergeht, insbesondere bei

Knopfzellen auf Basis von Lithium—Ionen-Systemen. Die Elektroden von

wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade-

vorgangen stets Volumenanderungen ausgesetzt. Zu solchen Volumen—

anderungen kann es natUrlich auch bei den Elektroden einer erfin-

dungsgeméBen Knopfzelle kommen. Die dabei entstehenden mechani-

schen Krafte wirken jedoch nicht mehr primar axial, wie das im Falle ei—

nes flach eingelegten Stapels aus Elektroden—Separator-Verbflnden der

Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken

sie stattdessen radial. Radiale Krafte konnen von dem Gehause einer

Knopfzelle allerdings sehr viel besser aufgenommen werden als axiale,

worauf vermutlich die verbesserten Dichtigkeitseigenschaften zurflckzu-

fuhren sind.

Besonders bevorzugt sind die Elektroden und der flachige Separator ei-

ner erfindungsgemalzen Knopfzelle jeweils streifen- oder bandférmig

ausgebildet. So kann zur Herstellung einer erfindungsgemaBen Knopf-

zelle beispielsweise von einem als Endlosband vorliegenden Separator-

material ausgegangen werden, auf das die Elektroden flachig, insbe-

sondere wieder in Form von Streifen oder zumindest von Rechtecken,

aufgebracht, insbesondere auflaminiert werden.

Wenn die Elektroden streifenformig auf einen solchen Separator aufge-

bracht werden, so lasst sich der entstehende Verbund aus streifenformi-

gen Elektroden und streifenformigem Separator gut aufwickeln. In be-
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vorzugten Ausfuhrungsformen enthalt eine erfindungsgemaBe Knopf-

zelle entsprechend den Verbund aus Elektroden und Separator als Wi—

ckel, besonders bevorzugt als spiralférmigen Wickel.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator

in einer erfindungsgeméiBen Knopfzelle eine der folgenden Schichtab-

folgen auf:

. negative Elektrode / Separator / positive Elektrode / Separator

oder

. positive Elektrode / Separator / negative Elektrode / Separator.

Derartige VerbiJnde lassen sich sehr einfach herstellen und aufwickeln,

ohne dass es zu Kurzschlussen zwischen entgegengesetzt gepolten E-

lektroden kommt.

In besonders bevorzugten Ausfflhrungsformen einer erfindungsgema-

Ben Knopfzelle sind die negative Elektrode und die positive Elektrode im

EIektroden-Separator—Verbund innerhalb des Verbundes versetzt zuein-

ander angeordnet. Unter einer versetzten Anordnung soll dabei verstan-

den werden, dass die Elektroden derart angeordnet sind, dass in der

erfindungsgemarsen Knopfzelle eine jeweils unterschiedliche Beabstan-

dung der Elektroden zu den ebenen Boden— und Deckelbereichen resul-

tiert. lm einfachsten Fall konnen z.B. eine positive und eine negative

Elektrode als gleich breite Streifen Ieicht versetzt auf die gegenflberlie—

genden Seiten eines Separatorbandes aufgebracht werden, so dass der

.Abstand der positiven Elektrode zum oberen Separatorrand grofser ist

als der vergleichbare Abstand von der negativen Elektrode aus gemes—

sen. Umgekehrtes gilt dann natUrlich im Hinblick auf den Abstand zum

unteren Separatorrand.
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In besonders bevorzugten Ausfflhrungsformen Iiegt, vorzugsweise als

Resultat dieser versetzten Anordnung, die positive Elektrode, insbeson—

dere ein Rand der positiven Elektrode, unmittelbar am Becherteil an,

insbesondere im ebenen Bodenbereich des Becherteils, wéhrend die

negative Elektrode, insbesondere ein Rand der negativen Elektrode,

unmittelbar am Deckelteil, insbesondere im ebenen Deckelbereich des

Deckelteils, anliegt.

Die versetzte Anordnung der Elektroden zueinander erméglicht also eine

Kontaktierung der Elektroden mit den jeweiligen Gehéuseteilen, ohne

dass zusétzliche elektrische Kontakte und Verbindungsmittel zum Ein-

satz kommen miJssen.

Bei den in einer erfindungsgeméBen Knopfzelle einsetzbaren Separato-

ren handelt es sich vorzugsweise um Folien aus mindestens einem

Kunststoff, insbesondere aus mindestens einem Polyolefin. Bei dem

mindestens einen Polyolefin kann es sich beispielsweise um Poiyethylen

handelt. Es kénnen aber auch mehrlagige Separatoren verwendet wer—

den, beispielsweise Separatoren aus einer Abfoige verschiedener Polyo—

lefinschichten, z.B. mit der Sequenz Polyethylen/Polypropylen/Polyethy-

len.

Die in einer erfindungsgemémen Knopfzelle bevorzugt einsetzbaren Se-

paratoren weisen bevorzugt eine Dicke zwischen 3 pm und 100 pm, ins—

besondere zwischen 10 pm und 50 pm, auf.

Die Elektroden einer erfindungsgeméfsen Knopfzelle weisen bevorzugt

eine Dicke zwischen 10 pm und 1000 pm, insbesondere zwischen 30

pm und 500 pm, auf.

Wie bereits eingangs erwéhnt wurde, handelt es sich bei der erfin—

dungsgeméBen Knopfzelle insbesondere um eine wiederaufladbare
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Knopfzelle. Besonders bevorzugt weist eine erfindungsgeméBe Knopf—

zelle mindestens eine Lithium interkalierende Elektrode auf.

Das Verhéltnis Hohe : Durchmesser einer erfindungsgeméBen Knopfzel—

le betrégt vorzugsweise < 1. Besonders bevorzugt liegt es zwischen 0.1

und 0.9, insbesondere zwischen 0.15 und 0.7. Unter der Héhe soll dabei

der Abstand zwischen dem ebenen Bodenbereich und dem dazu paral-

lelen ebenen Deckelbereich verstanden werden. Der Durchmesser

meint die maximale Entfernung zweier Punkte auf dem Mantelbereich

der Knopfzelle.

Das erfindungsgeméfse Verfahren zur Herstellung einer Knopfzelle kann

insbesondere auch zur Herstellung einer Knopfzelle dienen, wie sie vor—

stehend beschrieben wurde, also einer Knopfzelle mit einem Gehéuse

mit einem ebenen Bodenbereich und einem dazu parallelen ebenen De—

ckelbereich. Betreffend die bevorzugten Ausfflhrungsformen der einzel—

nen in einem erfindungsgeméflen Verfahren verwendeten Komponenten

(Gehéuseteile und —dimensionen, Elektroden, Separator etc.) kann so-

mit vollumfénglich auf die obenstehenden Ausfuhrungen und Erléute-

rungen Bezug genommen und verwiesen werden.

Das Gehéuse wird aus einem metallischen Becherteil und einem metal-

lischen Deckelteil zusammengefflgt, wobei ein EIektroden—Separator—

Verbund mit als flache Schicht ausgebildeten Elektroden derart in das

Gehéuse eingesetzt wird, dass die Elektroden orthogonal zu dem ebe-

nen Boden— und Deckelbereich ausgerichtet sind.

Wie bereits erwéhnt, wird der Elektroden-Separator—Verbund in Form

eines Wickels verbaut, insbesondere als spiralférmiger Wickel.

In aller Regel umfasst das erfindungsgemélze Verfahren stets die Schrit—

te
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- Einsetzen des Wickels in das metallische Deckelteil,

- Einsetzen des metallischen Deckelteils mit dem Wickel in ein metal-

Iisches Becherteil,

— Umbérdeln des Randes des Becherteils.

Vor dem SchlieBen des Geh'auses werden die Elektroden Ublicherweise

noch mit Elektrolytlésung getrénkt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerollt auf einem

Wickeldorn. Nach dem oder beim Einsetzen kann der Wickeldorn dann

entfernt werden.

Besonders bevorzugt wird der spiralfO‘rmige Wickel vor dem Verbauen

an seinen Stirnseiten wérmebehandelt. Dabei wird er zumindest kurzfris-

tig einer Temperatur ausgesetzt, bei der der Separator in dem Wickel

thermoplastisch verformbar ist. In der Regel steht der Separator an den

Stirnseiten des Wickels etwas fiber, selbst unter der Voraussetzung,

dass die Elektroden mit dem oben beschriebenen Versatz zueinander

angeordnet sind. Durch die Wérmebehandlung kann der Separator et-

was zusammenschrumpfen und dadurch gegebenenfalls sogar den

Rand einer benachbarten Elektroden freilegen, so dass dieser unmittel—

bar am Knopfzellengehéiuse anliegen kann.

Die genannten und weitere Vorteile der Erfindung ergeben sich aus der

nun folgenden Beschreibung der Zeichnungen in Verbindung mit den

UnteransprUchen. Dabei kénnen die einzelnen Merkmale der Erfindung

fUr sich allein oder in Kombination miteinander verwirklicht sein. Die be—

schriebenen Ausfflhrungsformen dienen lediglich zur Erléuterung und

zum besseren Versténdnis der Erfindung und sind in keiner Weise ein-

sch rénkend zu verstehen.
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Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgeméfien

Knopfzelle.

Fig. 2 illustriert den Effekt der Warmebehandlung eines aufgewickel—

ten Elektrode—Separator—Verbundes, welche bei bevorzugten

Ausfuhrungsformen des erfindungsgeméBen Verfahrens zum

Einsatz kommt.

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemérsen

Knopfzelle 100. Diese weist ein metallisches Becherteil 101 und ein me—

tallisches Deckelteil 102 auf. Uber eine Dichtung 109 sind die beiden

Teile dichtend miteinander verbunden. Zusammen bilden sich ein Ge-

héuse mit einem ebenen Bodenbereich 103 und einem dazu parallelen

ebenen Deckelbereich 104 aus. lm Gebrauchszustand bilden diese e-

benen Bereiche 103 und 104 die Pole der Knopfzelle, an denen eine

Stromabnahme durch einen Verbraucher erfolgen kann. Der Rand 110

des Zellenbechers 101 ist nach innen fiber den Rand des Zellendeckels

102 gebordelt.

lm lnneren der Elektrode ist ein Verbund aus einer streifenformigen

Elektrode 105, einer streifenférmigen Elektrode 106 und den streifen—

formigen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

105 und 106 sowie den Separatoren 107 Iiegt dabei in Form eines Wi-

'ckels vor. Aufgewickelt ist der Verbund auf dem Kern 108 im Zentrum

der Knopfzelle 100. Sowohl der Kern 108 als auch die um ihn gewickel-

ten Elektroden und Separatoren sind orthogonal zu den ebenen Boden-

und Deckelbereichen 104 und 103 ausgerichtet. Sofern die Elektroden

bei einem Lade- oder Entladevorgang an Volumen gewinnen oder verlie—
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ren, wirken die dabei resultierenden mechanischen Kréfte radial und

konnen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuheben ist, dass die positive Elektrode 105 und die negative E-

lektrode 106 jeweils unmittelbar an dem Becherteil 101 bzw. an dem

Deckelteil 102 der Knopfzelle 100 anliegen. Ein separater Ableiter zum

Verbinden der Elektroden mit dem Deckelteil 102 und dem Becherteil

101 ist nicht erforderlich.

Fig. 2 zeigt den Effekt der Wérmebehandlung eines Elektroden-

Separator—Wickels 200, die in bevorzugten Ausfuhrungsformen des er-

findungsgeméBen Verfahrens zur Herstellung einer Knopfzelle vorgese-

hen ist. Dargestellt ist schematisch ein Wickel 200 aus einem Verbund

aus einer positiven Elektrode 201 (schwarze Balken), einer negativen

Elektrode 202 (weisse Balken) und den (quergestreiften) Separatoren

203 (Ausschnitt). Die positive und die negative Elektroden 201 und 202

sind jeweils versetzt zueinander angeordnet. Die Separatoren 203 be-

stehen aus einem thermoplastisch verformbaren Material.

Setzt man die sich an den Stirnseiten 204 und 205 des Wickels 200 be-

findlichen Separatorrénder einer hohen Temperatur aus (beispielsweise

250 °C, wie dargestellt), so schrumpfen diese Separatorrénder. Die Se-

paratoren ziehen sich zumindest teilweise zwischen benachbarte Elekt-

roden zuriJck. Dabei werden an der Stirnseite 204 die Rénder der nega-

tiven Elektrode 202 freigelegt, wéhrend die Render der positiven Elekt—

rode 201 abgedeckt werden. An der Stirnseite 205 werden die Rénder

der positiven Elektrode 201 freigelegt, wéhrend die Render der negati-

ven Elektrode 202 abgedeckt werden.

Beim Einsatz eines so behandelten Wickels ist gewéhrleistet, dass

Elektroden gleicher Polaritét jeweils nur am Gehéusebecher oder am
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Gehéusedeckel unmittelbar anliegen kénnen. Separate elektrische Ver-

bindungen zwischen den Elektroden und den Gehéuseteilen sind nicht

erforderlich.

JLab/Cambridge, Exh. 1002, p. 188



JLab/Cambridge, Exh. 1002, p. 189

P49226DE -12-

Patentans rache

1. Knopfzelle (100), umfassend ein metallisches Becherteil (101) und

ein metallisches Deckelteil (102), welche dichtend miteinander

verbunden sind und ein Gehause mit einem ebenen Bodenbereich

(103) und einem dazu parallelen ebenen Deckelbereich (104)

ausbilden, sowie innerhalb des Gehauses als flache Schichten

ausgebildete positive und negative Elektroden (105, 106; 201,

202), die fiber einen flachigen Separator (107; 203) miteinander

verbunden sind, wobei die Elektrodenschichten (105, 106; 201,

202) im wesentlichen orthogonal zu dem ebenen Boden— und De-

ckelbereich (103, 104) ausgerichtet sind.

2. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass die

Elektroden (105, 106; 201, 202) und/oder der Separator (107;

203) streifen- oder bandformig ausgebildet sind.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass sie den EIektroden-Separator—Verbund als Wickel

(200) enthalt, insbesondere als spiralformigen Wickel.

4. Knopfzelle nach einem der vorhergehenden AnspriJche, dadurch

gekennzeichnet, dass der Verbund eine der folgenden Schichtab-

folgen aufweist:

- negative Elektrode / Separator/ positive Elektrode / Separator

- positive Elektrode / Separator/ negative Elektrode / Separator

5. Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass die negative Elektrode (106; 202) und die

positive Elektrode (105; 201) innerhalb des Verbundes versetzt
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zueinander angeordnet sind, so dass fL'Ir die Elektroden eine je-

weils unterschiedliche Beabstandung zu den ebenen Boden- und

Deckelbereichen (103, 104) resultiert.

6. Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass die positive Elektrode (105; 201), insbeson-

dere ein Rand der positiven Elektrode (105; 201), unmittelbar am

Becherteil (101), insbesondere im ebenen Bodenbereich (103),

und die negative Elektrode (106; 202), insbesondere ein Rand der

negativen Elektrode (106; 202), unmittelbar am Deckelteil (102),

insbesondere im ebenen Deckelbereich (104), anliegt.

7. Knopfzelle nach einem der vorhergehenden Anspn‘Jche, dadurch

gekennzeichnet, dass sie wiederaufladbar ist.

8. Knopfzelle nach einem der vorheigehenden AnsprUche, dadurch

gekennzeichnet, dass sie ein Verhéltnis Hohe 2 Durchmesser < 1,

vorzugsweise zwischen 0.1 und 0.9, insbesondere zwischen 0.15

und 0.7, aufweist.

9. Verfahren zur Herstellung einer Knopfzelle, insbesondere einer

Knopfzelle (101) nach einem der vorhergehenden Ansprflche. wo-

bei aus einem metallischen Becherteil (101) und einem metalli—

schen Deckelteil (102) ein Gehéuse mit einem ebenen Bodenbe—

reich (103) und einem dazu parallelen ebenen Deckelbereich

(104) gebildet wird und wobei ein Elektroden-Separator-Verbund

mit als flache Schicht ausgebildeten Elektroden (105, 106; 201,

202) derart in das Gehéuse eingesetzt wird, dass die Elektroden

(105, 106; 201, 202) orthogonal zu dem ebenen Boden- und De—

ckelbereich (103, 104) ausgerichtet sind.
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10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dass der

EIektroden—Separator-Verbund als Wickel (200) eingesetzt wird,

insbesondere als spiralférmiger Wickel.

11. Verfahren nach Anspruch 10, umfassend die Schritte

— Einsetzen des Wickels (200) in das metallische Deckelteil

(102),

— Einsetzen des metallischen Deckelteils (102) mit dem Wickel

(200) in ein metallisches Becherteil (101).

- Umbérdeln des Randes (110) des Becherteils (101).

12. Verfahren nach Anspruch 10 oder 11, dadurch gekennzeichnet,

dass der Wickel (200) vor dem Verbauen an seinen Stirnseiten

wérmebehandelt wird, wobei er zumindest kurzfristig einer Tempe-

ratur ausgesetzt wird, bei der der Separator (203) thermoplastisch

verformbar ist.
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Zusammenfassung

Beschrieben wird eine Knopfzelle (100), die ein metallisches Becherteil

(101) und ein metallisches Deckelteil (102) aufweist, welche dichtend

miteinander verbunden sind und ein Gehause mit einem ebenen Boden-

bereich (103) und einern dazu parallelen ebenen Deckelbereich (104)

ausbilden, wobei innerhalb des Gehauses als flache Schichten ausge-

bildete positive und negative Elektroden (105, 106; 201, 202) angeord-

net sind, die uber einen flachigen Separator (107; 203) miteinander ver-

bunden sind, wobei die Elektrodenschichten (105, 106; 201, 202) im we-

sentlichen orthogonal zu dem ebenen Boden— und Deckelbereich (103,

104) ausgerichtet sind. Weiterhin wird ein Verfahren zur Herstellung ei-

ner solchen Knopfzelle beschrieben.
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Beschreibung

Knogfzelle und Verfahren zu ihr_er Herstellung

Die vorliegende Erfindung betrifft eine Knopfzelle umfassend ein Ge-

héuse mit einem metallischen Becherteil und einem metaltischen De—

ckelteil, die dichtend miteinander verbunden sind, sowie innerhalb des

Gehauses mit einer positiven und einer negativen Elektrode, die als fla—

che Schichten ausgebitdet und uber mindestens einen flachigen Separa—

tor miteinander verbunden sind, sowie ein Verfahren zur Herstellung von

solchen Knopfzellen.

Wiederaufladbare Knopfzellen konnen unterschiedliche etektrochemi—

sche Systeme enthalten. Sehr verbreitet sind z. B. Knopfzellen auf Basis

von Nickel-Metallhydrid- Oder Lithium-Ionen—Systemen. Insbesondere

bei Lithium—lonen—Knopfzellen werden die elektrochemisch aktiven Mate-

rialien innerhalb des Knopfzellengehauses Ublicherweise nicht in Form

von einzelnen, durch einen Separator voneinander getrennten, tabletten-

formigen Elektroden angeordnet. Stattdessen werden bevorzugt vorge—

fertigte Elektroden-Separator-Verbt‘mde flach in das Gehause eingelegt.

Als Separator dient dabei bevorzugt eine porose Kunststofffolie, auf wet-
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che die Elektroden fléchig auflaminiert oder aufgeklebt sind. Der Ge-

samtverbund aus Separator und Elektroden ist dabei in der Regel ma-

ximal wenige 100 pm dick. Um Knopfzellengehéuse Ublicher Dimensio-

nen austllen zu kénnen, werden daher héufig mehrere solcher VerbUn-

de flach Ubereinander gelegt. Auf diese Weise lassen sich Stapel in

grundsétzlich beliebiger Héhe erhalten, jeweiis abgestimmt auf die zur

Verngung stehenden Dimensionen des Knopfzellengehéuses, in das

der Stapei verbaut werden soll. So wird eine optimale Ausnutzung des

zur Verf'Ligung stehenden Gehéuseinnenraumes gewéhrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elek-

troden-Separator-Verbunden enthalten, allerdings auch diverse Proble—

me auf. Zum einen ist es natflrlich erforderlich, Elektroden von jeweils

gleicher Poiaritét innerhalb des Stapels miteinander zu verbinden und

dann jeweils mit dem entsprechenden Pol des Knopfzellengehéuses zu

kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma—

terialkosten, der durch sie eingenommene Raum steht zudem for Aktiv-

material nicht mehr zur VerfiJgung. Die Hersteilung der Elektrodenstapel

ist daruber hinaus kompiiziert und teuer, da bei der Kontaktierung der

VerbUnde untereinander leicht Fehler auftreten kénnen, die die Aus-

schussrate erhéhen. Zum anderen wurde festgestellt, dass Knopfzellen

mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden ké'mnen.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, Knopfzellen be—

reitzustellen, bei denen die genannten Probleme nicht auftreten. Die be-

reitzustellenden Knopfzellen sollten eine mégiichst einfache Konstrukti-

onsweise aufweisen, héchsten Anforderungen im Hinblick auf die Dich-

tigkeit im Betrieb genUgen und sehr einfach herzustelien sein.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1 sowie das Verfahren mit den Merkmalen des Anspruchs

13. Bevorzugte Ausfuhrungsformen der erfindungsgeméflen Knopfzelle

JLab/Cambridge, Exh. 1002, p. 197



JLab/Cambridge, Exh. 1002, p. 198

P49226 DE1 -3-

sind in den abhangigen AnsprUchen 2 bis 12 angegeben. Bevorzugte

Austhrungsformen des erfindungsgemaBen Verfahrens finden sich in

den AnsprUchen 14 bis 16. Der Wortlaut samtlicher Ansprflche wird

hiermit durch Bezugnahme zum lnhalt dieser Beschreibung gemacht.

Eine erfindungsgemaBe Knopfzelle weist ein metallisches Becherteil und

ein metallisches Deckelteil auf, die dichtend miteinander verbunden

sind. Zusammen bilden die beiden Teile ein Gehause aus, das einen

ebenen Bodenbereich und einen dazu parallelen ebenen Deckelbereich

aufweist. Als Becher— und Deckelteil sind insbesondere Teile aus ver—

nickeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werk—

stoff geeignet sind insbesondere Trimetalle, beispielsweise mit der Ab-

folge Nickel, Stahl (oder Edelstahl) und Kupfer (wobei dann die Nickel—

schicht bevorzugt die AuBen— und die Kupferschicht bevorzugt die In-

nenseite des Knopfzellengehéuses bildet). Als Dichtung kann beispiels—

weise eine Spritzguss— oder eine Foliendichtung zum Einsatz kommen.

lnnerhalb des Gehauses sind mindestens eine positive und mindestens

eine negative Elektrode angeordnet, und zwar jeweils in Form von fla—

chen Elektrodenschichten. Die Elektroden sind dabei Uber einen flachi-

gen Separator miteinander verbunden. Vorzugsweise sind die Elektro-

den auf diesen Separator auflaminiert oder aufgeklebt. Die Elektroden

und der Separator weisen in der Regel jeweils nur Dicken im pm-Bereich

auf. In bevorzugten Ausfuhrungsformen bilden sie zusammen einen

Elektroden-Separator-Verbund aus, wie er bereits eingangs erwahnt

wurde.

lm Gegensatz zu den eingangs erwahnten Knopfzellen zeichnet sich die

erfindungsgemaBe Knopfzelle jedoch insbesondere dadurch aus, dass

die Elektrodenschichten eine ganz besondere Orientierung aufweisen,

sie sind namiich im wesentlichen orthogonal zu dem ebenen Boden- und

Deckelbereich ausgerichtet. Wéhrend aus dem Stand der Technik be-

kannte Knopfzellen mit gestapelten Elektroden-Separator—Verbflnden
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diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im

wesentlichen parallel zu den ebenen Boden— und Deckelbereichen aus-

gerichtet sind, ist bei einer erfindungsgemalzen Knopfzelle das Gegenteil

der Fall.

Die orthogonale Ausrichtung der Elektrodenschichten hat einen uner—

wartet deutlichen Vorteil, es wurde namlich festgestellt, dass diese Aus—

richtung mit einer deutlichen Verbesserung der Dichtigkeitseigenschaf—

ten einer erfindungsgemarsen Knopfzelle einhergeht, insbesondere bei

Knopfzellen auf Basis von Lithium-lonen-Systemen. Die Elektroden von

wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade—

vorgangen stets Volumenanderungen ausgesetzt. Zu solchen Volumen—

anderungen kann es natUrlich auch bei den Elektroden einer erfin-

dungsgemafsen Knopfzelle kommen. Die dabei entstehenden mechani-

schen Krafte wirken jedoch nicht mehr primar axial, wie das im Falle ei-

nes flach eingelegten Stapels aus Elektroden—Separator—Verbflnden der

Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken

sie vielmehr radial. Radiale Krafte kc'innen von dem Gehause einer

Knopfzelle sehr viel besser aufgenommen werden als axiale. Vermutlich

. lassen sich darauf die verbesserten Dichtigkeitseigenschaften zurUCk-

fuhren.

Besonders bevorzugt sind die Elektroden und der flachige Separator ei—

ner erfindungsgemafsen Knopfzelle jeweils streifen— oder bandfbrmig

ausgebildet. So kann zur Herstellung einer erfindungsgemérsen Knopf—

zelle beispielsweise von einem als Endlosband vorliegenden Separator-

material ausgegangen werden, auf das die Elektroden flachig,_insbe—

sondere wieder in Form von Streifen oder zumindest von Rechtecken.

aufgebracht, insbesondere auflaminiert, werden.

lnsbesondere wenn die Elektroden streifenférmig auf einen solchen Se—

parator aufgebracht werden, so lasst sich der entstehende Verbund aus

streifenfdrmigen Elektroden und streifenférmigem Separator gut aufwi-
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ckeln. In bevorzugten Ausfflhrungsformen enthalt eine erfindungsgema—

Be Knopfzelle entsprechend den Verbund aus Elektroden und Separator

als Wicke|, besonders bevorzugt als spiralformigen Wicke|. In der erfin—

dungsgemaBen Knopfzelle ist der Wicke| bevorzugt derart ausgerichtet,

dass er mit seinen Stirnseiten an dem ebenen Bodenbereich und dem

dazu parallel ausgerichteten ebenen Deckelbereich des Gehauses an—

liegt.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator

in einer erfindungsgemaBen Knopfzelle eine cler folgenden Schichtab-

folgen auf:

- negative Elektrode / Separatorl positive Elektrode / Separator

oder

- positive Elektrode / Separatorl negative Elektrode / Separator.

Derartige VerbL‘Inde lassen sich sehr einfach herstellen und aufwickeln,

ohne dass es zu Kurzschlflssen zwischen entgegengesetzt gepolten

Elektroden kommt.

In besonders bevorzugten Austhrungsformen einer erfindungsgema—

Ben Knopfzelle sind die negative Elektrode und die positive Elektrode im

Elektroden-Separator—Verbund innerhalb des Verbundes versetzt zuein-

ander angeordnet. Unter einer versetzten Anordnung soll dabei verstan-

den werden, dass die Elektroden derart angeordnet sind, dass in der_

erfindungsgemalSen Knopfzelle eine jeweils unterschiedliche Beabstan-

dung der Elektroden zu den ebenen Boden— und Deckelbereichen resul-

tiert. lm einfachsten Fall konnen z.B. eine positive und eine negative

Elektrode als gleich breite Streifen leicht versetzt auf die gegenfiberlie-

genden Seiten eines Separatorbandes aufgebracht werden, so dass der

Abstand der positiven Elektrode zum oberen Separatorrand grofser ist
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als der vergleichbare Abstand von der negativen Elektrode aus gemes-

sen. Umgekehrtes gilt dann naturlich im Hinblick auf den Abstand zum

unteren Separatorrand.

In besonders bevorzugten Ausfuhrungsformen liegt, vorzugsweise als

Resultat’dieser versetzten Anordnung, die positive Elektrode, insbeson-

dere ein Rand der positiven Elektrode, unmittelbar am Becherteil an,

insbesondere im ebenen Bodenbereich des Becherteils, wahrend die

negative Elektrode, insbesondere ein Rand der negativen Elektrode,

unmittelbar am Deckelteil. insbesondere im ebenen Deckelbereich des

Deckelteils. anIiegt. In dieser Austhrungsform besteht ein unmittelbarer

. elektrischer und mechanischer Kontakt zwischen den Elektroden und
dem Becher- bzw. Deckelteil. Die versetzte Anordnung der Elektroden

zueinander ermoglioht also eine Kontaktierung der Elektroden mit den

jeweiligen Gehauseteilen, ohne dass zusatzliche elektrische Kontakte

und Verbindungsmittel zUm Einsatz kommen massen.

In weiteren bevorzugten Austhrungsformen kann es allerdings auch

bevorzugt sein, dass zumindest eine der Elektroden, vorzugsweise so-

wohl die mindestens eine negative als auch die mindestens eine positive

Elektrode in einer erfindungsgemaisen Knopfzelle, uber einen oder meh-

rere separate Ableiter mit den ebenen Boden— und Deckelbereichen ver-

. bunden sind. Bei den Ableitern kann es sich beispielsweise um Ableiter-
fahnen aus Kupfer oder einem anderen geeigneten MetaII handeIn.

Elektrodenseitig k6nnen die Ableiter 2.8. an einen StromkoIIektor ange-

bunden sein. Eine Anbindung ans Gehause kann z.B. Uber Verschweis-

sung oder eine Klemmverbindung erfolgen.

Separate Ableiter konnen insbesondere vorteiIhaft sein, wenn die nega-

tive Elektrode und die positive Elektrode innerhalb des Verbundes derart

zueinander angeordnet sind, dass fUr die Elektroden eine jeweils gleiche

Beabstandung zu den ebenen Boden- und Deokelbereichen resultiert.

Oder mit anderen Worten, wenn die Elektroden innerhalb des Elektro-
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den—Separator—Verbundes nicht versetzt zueinander angeordnet sind,

wie es oben beschrieben wurde.

Allerdings besteht bei gleicher Beabstandung entgegengesetzt gepolter

Elektroden zu den ebenen Boden— und Deckelbereichen die Gefahr,

dass eine positive und eine negative Elektrode gleichzeitig das metalli-

sche Becher— oder Deckelteil beruhren, so dass ein Kurzschluss ent—

steht. In bevorzugten Ausffihrungsformen kann die erfindungsgeméfse

Knopfzelle deshalb mindestens ein Isoliermittel umfassen, das einen di-

rekten und unmittelbaren mechanischen und elektrischen Kontakt zwi-

schen den Stirnseiten des Wickels und den ebenen Boden- und Deckel—

bereichen unterbindet.

In Weiterbildung ist es bevorzugt, wenn die Elektroden in einer solchen

erfindungsgeméBen Knopfzelle Uber die bereits erwéhnten separaten

Ableiter mit den ebenen Boden- und Deckelbereichen verbunden sind.

Diese gewéhrleisten den elektrischen Kontakt zwischen den Elektroden

und dem Gehéuse.

Bei dem Isoliermittel kann es sich z.B. um eine flache Schicht aus

Kunststoff, beispielsweise um eine Kunststofffolie handeln, die zwischen

den Stirnseiten des Wickels und den ebenen Boden- und Deckelberei-

chen des Gehéuses einer erfindungsgeméBen Knopfzelle angeordnet

ist.

Bei den in einer erfindungsgeméBen Knopfzelle einsetzbaren Separato-

ren handelt es sich vorzugsweise um Folien aus mindestens einem

Kunststoff, insbesondere aus mindestens einem Polyolefin. Bei dem

mindestens einen Polyolefin kann es sich beispielsweise um Polyethylen

handelt. Es kc‘jnnen aber auch mehrlagige Separatoren verwendet wer-

den, beispielsweise Separatoren aus einer Abfolge verschiedener Polyo-

Iefinschichten, z.B. mit der Sequenz Polyethylen/Polypropylen/Polyethy-

len.
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Die in einer erfindungsgeméBen Knopfzelle bevorzugt einsetzbaren Se—

paratoren weisen bevorzugt eine Dicke zwischen 3 pm und 100 pm, ins—

besondere zwischen 10 pm und 50 pm, auf.

Die Elektroden einer erfindungsgemérsen Knopfzelle weisen bevorzugt

eine Dicke zwischen 10 pm und 1000 um, insbesondere zwischen 30

pm und 500 um, auf.

Wie bereits eingangs erwéhnt wurde, handelt es sich bei der erfin—

dungsgemérsen Knopfzelle insbesondere um eine wiederaufladbare

Knopfzelle. Besonders bevorzugt weist eine erfindungsgemérse Knopf-

zelle mindestens eine Lithium interkalierende Elektrode auf.

Das Verhéltnis Hc'jhe : Durchmesser einer erfindungsgeméBen Knopfzel-

le betrégt vorzugsweise < 1. Besonders bevorzugt Iiegt es zwischen 0.1

und 0.9, insbesondere zwischen 0.15 und 0.7. Unter der Héhe soll dabei

der Abstand zwischen dem ebenen Bodenbereich und dem dazu paral-

lelen ebenen Deckelbereich verstanden werden. Der Durchmesser

meint die maximale Entfernung zweier Punkte auf dem Mantelbereich

der Knopfzelle.

Das erfindungsgeméfse Verfahren zur Herstellung einer Knopfzelle kann

insbesondere zur Herstellung einer Knopfzelle dienen, wie sie vorste-

hend beschrieben wurde, also einer Knopfzelle mit einem Gehéuse mit

_ einem ebenen Bodenbereich und einem dazu parallelen ebenen De~
ckelbereich.

Betreffend die bevorzugten Ausfuhrungsformen der einzelnen in einem

erfindungsgeméBen Verfahren verwendeten Komponenten (Gehéusetei-

le und —dimensionen, Elektroden, Separator etc.) kann somit

vollumfénglich auf die obenstehenden Austhrungen und Erléuterungen

Bezug genommen und verwiesen werden.
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Das Gehause wird aus einem metallische-n Becherteil und einem metal—

lischen Deckelteil zusammengefflgt, wobei ein Elektroden-Separator-

Verbund mit als flache Schicht ausgebildeten Elektroden derart in das

Gehéuse eingesetzt wird, dass die Elektroden orthogonal zu dem ebe-

nen Boden- und Deckelbereich ausgerichtet sind.

Wie bereits erwéhnt, wird der EIektroden-Separator-Verbund bevorzugt

in Form eines Wickels verbaut, insbesondere als spiralformiger Wickel.

In aller Regel umfasst das erfindungsgemaBe Verfahren stets die Schrit-

te

. — Einsetzen des Wickels in das metallische Deckelteil,
— Einsetzen des metallischen Deckelteils mit dem Wickel in ein metal-

lisches Becherteil,

— Umbordeln des Randes des Becherteils.

Vor dem SchlieBen des Geh‘auses werden die Elektroden ublichenlveise

noch mit Elektrolytlésung getrankt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerollt auf einem

Wickeldorn. Nach dem oder beim Einsetzen kann der Wickeldorn dann

. entfernt werden.
Besonders bevorzugt wird der spiralformige Wickel vor dem Verbauen

an seinen Stirnseiten warmebehandelt. Dabei wird er zumindest kurzfris-

tig einer Temperatur ausgesetzt, bei der der Separator in dem Wickel

thermoplastisch verformbar ist. In der Regel steht der Separator an den

Stirnseiten des Wickels etwas fiber, selbst unter der Voraussetzung,

dass die Elektroden mit dem oben beschriebenen Versatz zueinander

angeordnet sind. Durch die Warmebehandlung kann der Separator et-

was zusammenschrumpfen und dadurch gegebenenfalls sogar den

Rand einer benachbarten Elektroden freilegen, so dass dieser unmittel-

bar am Knopfzellengehause anliegen kann.
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Die genannten und weitere Vorteile der Erfindung ergeben sich aus def

nun folgenden Beschreibung der Zeichnungen in Verbindung mit den

Unteransprijchen. Dabei kénnen die einzelnen Merkmale der Erfindung

fiJr sich allein Oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Austhrungsformen dienen lediglich zur Erléuterung und

zum besseren Versténdnis der Erfindung und sind in keiner Weise ein-

schrénkend zu verstehen.

Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Austh-

rungsform einer erfindungsgeméBen Knopfzelle.

Fig. 2 illustrier’t den Efiekt der Wérmebehandlung eines aufgewickel—

ten EIektrode—Separator—Verbundes, welche bei bevorzugten

Austhrungsformen des erfindungsgeméBen Verfahrens zum

Einsatz kommt.

Fig. 3 zeigt einen Elektroden-Separator—Verbund in Form eines Wi-

ckels, wie er in einer erfindungsgeméBen Knopfzelle verbaut

werden kann.

Fig. 4 zeigt eine geschnittene Darstellung einer weiteren bevorzugten

Ausfflhrungsform einer erfindungsgeméfien Knopfzelle.

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgeméfsen

Knopfzelle 100. Diese weist ein metallisches Becherteil 101 und ein me—

tallisches Deckelteil 102 auf. Uber eine Dichtung 109 sind die beiden

Teile dichtend miteinander verbunden. Zusammen bilden sie ein Geh'a‘u-

se mit einem ebenen Bodenbereich 103 und einem dazu parallelen ebe-

nen Deckelbereich 104 aus. Im Gebrauchszustand bilden diese ebenen
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Bereiche 103 und 104 die Pole der Knopfzelle, an denen eine Stromab—

nahme durch einen Verbraucher erfolgen kann. Der Rand 110 des Zel-

Ienbechers 101 ist nach innen Uber den Rand des Zellendeckels 102

gebordelt.

Im Inneren der Elektrode ist ein Verbund aus einer streifenformigen

Elektrode 105, einer streifenformigen Elektrode 106 und den streifen-

formigen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

105 und 106 sowie den Separatoren 107 liegt dabei in Form eines Wi-

ckels vor, der mit seinen Stirnseiten an den ebenen Bodenbereich 103

und den dazu parallelen ebenen Deckelbereich 104 anstésst. Aufgewi—

Ckelt ist der Verbund auf dem Kern 108 im Zentrum der Knopfzelle 100.

Sowohl der Kern 108 als auch die um ihn gewickelten Elektroden und

Separatoren sind orthogonal zu den ebenen Boden- und Deckeiberei-

Chen 104 und 103 ausgerichtet. Sofern die Elektroden bei einem Lade—

oder Entladevorgang an Volumen gewinnen oder verlieren, wirken die

dabei resultierenden mechanischen Krafte Liberwiegend radial und kén-

nen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuheben ist, dass die positive Elektrode 105 und die negative

Elektrode 106 jeweils unmittelbar an dem Becherteil 101 bzw. an dem

Deckelteil 102 der Knopfzelle 100 anliegen. Ein separater Ableiter zum

Verbinden der Elektroden mit dem Deckelteil 102 und dem Becherteil

101 ist nicht erforderlich.

Fig. 2 zeigt den Effekt der warmebehandlung eines Elektroden-Separa-

tor—Wickels 200, die in bevorzugten AusfiJhrungsformen des erfindungs—

geméBen Verfahrens zur Herstellung einer Knopfzelle vorgesehen ist.

Dargestellt ist schematisch ein Wickel 200 aus einem Verbund aus einer

positiven Elektrode 201 (quergestreifte Balken), einer negativen Elektro-

de 202 (weisse Balken) und den Separatoren 203 (Ausschnitt). Die posi-

tive und die negative Elektroden 201 und 202 sind jeweils versetzt zu-
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einander angeordnet. Die Separatoren 203 bestehen aus einem ther-

moplastisch verformbaren Material.

Setzt man die sich an den Stirnseiten 204 und 205 des Wickels 200 be-

findlichen Separatorrénder einer hohen Temperatur aus (beispielsweise

250 °C, wie dargestellt), so schrumpfen diese Separatorrénder. Die Se-

paratoren ziehen sich zumindest teilweise zwischen benachbarte Elek—

troden zurUck. Dabei werden an der Stirnseite 204 die Render der nega-

tiven Elektrode 202 freigelegt, wéhrend die Rénder der positiven Elek-

trode 201 abgedeckt werden. An der Stirnseite 205 werden die Rénder

der positiven Elektrode 201 freigelegt, wéhrend die Rénder der negati—

ven Elektrode 202 abgedeckt werden.

Beim Einsatz eines so behandelten Wickels ist gewéhrleistet, dass

Elektroden gleicher Polaritét jeweils nur am Gehéusebecher oder am

Gehéusedeckel unmittelbar anliegen kt’mnen. Separate elektrische Ver-

bindungen zwischen den Elektroden und den Gehéuseteilen sind nicht

erforderlich.

Fig. 3 zeigt einen Elektroden—Separator-Verbund in Form eines Wickels

300, wobei die Darstellung A eine Draufsicht senkrecht von oben auf

eine der Stirnseiten 301 des Wickels 300 abbildet, wéhrend in der Dar—

stellung B der Wickel 300 in einer Ansicht schrég von oben dargestellt

ist. Zu erkennen ist in beiden Fallen, dass der Verbund zwei Lagen Se—

parator 302 und 303 sowie zwei Elektrodenschichten 304 und 305 (eine

positive und eine negative Elektrode) umfasst. Der Verbund ist spiral—

fc‘jrmig aufgewickelt und wird durch ein Klebeband 306 auf seiner Au—

Eenseite zusammengehalten.

Fig. 4 zeigt eine geschnittene Darstellung einer bevorzugten Ausfuh-

rungsform einer erfindungsgeméBen Knopfzelle 400. Zu erkennen ist

das Gehéuse der Knopfzelle aus dem Becherteil 401 und dem Deckelteil

402, zwischen denen die Dichtung 403 angeordnet ist. lnnerhalb des
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Gehéuses ist ein Verbund aus Elektroden und Separatoren, wie er in

Fig. 3 dargestellt ist, als spiralférmiger Wickel 404 (im Querschnitt sche-

matisch dargestellt) enthalten. Gut zu erkennen sind auch hier die Sepa-

ratorlagen 405 und 406 sowie die entgegengesetzt gepolten Elektroden

407 und 408. Die Elektrode 407 ist dabei Uber den Ableiter 410 mit dem

Deckelteil 402 verbunden, wéhrend die Elektrode 408 Uber den Ableiter

409 mit dem Becherteil 402 verbunden ist. Der Ableiter 410 ist vorzugs—

weise mit dem Deckelteil 402 verschweisst. Dagegen ist der Ableiter 409

mit dem Becherteil 402 uber eine Klemmverbindung verbunden (er ist

zwischen dem StUtzring 413, auf dem der Rand des Zellendeckels auf—

liegt, und dem Boden des Zellenbechers eingeklemmt). Zwischen den

Stirnseiten des Wickels und dem Becherteil 401 und dem Deckelteil 402

sind die Isoliermittel 411 und 412 angeordnet, bei denen es sich jeweils

um dUnne Kunststoffscheiben handelt. Durch diese wird verhindert, dass

Elektroden entgegengesetzter Polaritét gleichzeitig in Kontakt mit dem

Becher— oder dem Deckelteil 401 und 402 kommen kénnen. Einem

Kurzschluss wird dadurch vorgebeugt.
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Patentansgrijche

1. Knopfzelle (100; 400), umfassend ein metallisches Becherteil

(101, 401) und ein metallisches Deckelteil (102; 402), welche dich-

tend miteinander verbunden sind und ein Gehause mit einem

ebenen Bodenbereich (103) und einem dazu parallelen ebenen

Deckelbereich (104) ausbilden, sowie innerhalb des Gehauses ei-

ne positive und eine negative Eiektrode (105, 106; 201, 202; 304,

305; 407, 408), die als flache Schichten ausgebildet und Uber

mindestens einen flachigen Separator (107; 203; 302, 303; 405,

406) miteinander verbunden sind, wobei die Elektrodenschichten

(105, 106; 201, 202; 407, 408) im wesentlichen orthogonal zu dem

ebenen Boden— und Deckelbereich (103, 104) ausgerichtet sind.

2. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass die

Elektroden (105, 106; 201, 202; 304, 305; 407, 408) und/oder der

Separator (107; 203; 302, 303; 405, 406) streifen- oder bandfér—

mig ausgebildet sind.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass sie den Elektroden-Separator—Verbund als Wickel

(200; 300; 404) enthalt, insbesondere als spiralformigen Wickel,

der mit seinen Stirnseiten an dem ebenen Bodenbereich und dem

dazu parallelen ebenen Deckelbereich anliegt.

4. Knopfzelle nach einem der vorhergehenden AnsprUche, dadurch

gekennzeichnet, class der Verbund eine der folgenden Schichtab-

folgen aufweist:

negative Elektrode / Separator / positive Elektrode / Separator

positive Elektrode / Separator/ negative Elektrode / Separator
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5. Knopfzelle nach einem der Anspn’Jche 3 oder 4, dadurch gekenn-

zeichnet, dass die negative Elektrode (106) und die positive Elek-

trode (105) innerhalb des Verbundes derart zueinander angeord-

net sind, dass fUr die Elektroden eine jeweils unterschiedliche

Beabstandung zu den ebenen Boden- und Deckelbereichen (103,

104) resultiert.

6. Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass die positive Elektrode (105), insbesondere

ein Rand der positiven Elektrode (105), unmittelbar am Becherteil

(101), insbesondere im ebenen Bodenbereich (103), und die ne-

gative Elektrode (106), insbesondere ein Rand der negativen

Elektrode (106), unmittelbar am Deckelteil (102), insbesondere im

ebenen Deckelbereich (104), anliegt.

7. Knopfzelle nach einem der vorhergehenden Ansprijche, dadurch

gekennzeichnet, dass die positive Elektrode (408) und/oder die

negative Elektrode (407) Uber einen Ableiter (409, 410) mit den

ebenen Boden— und/oder Deckelbereichen verbunden sind.

8. Knopfzelle nach einem der AnsprUche 3, 4 oder 7, dadurch ge—

kennzeichnet, dass die negative Elektrode (407) und die positive

Elektrode (408) innerhalb des Verbundes derart zueinander ange—

ordnet sind, dass fUr die Elektroden eine im wesentlichen jeweils

gleiche Beabstandung zu den ebenen Boden- und Deckelberei-

Chen resultiert.

9. Knopfzelle nach einem der Ansprflche 3 bis 5, 7 oder 8, dadurch

gekennzeichnet, dass sie mindestens ein Isoliermittel (413, 414)

umfasst, das einen direkten mechanischen und elektrischen Kon-

takt zwischen den Stirnseiten des Wickels und den ebenen Bo-

den- und Deckelbereichen unterbindet.
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10. Knopfzelle nach Anspruch 9, dadurch gekennzeichnet, dass es

sich bei dem mindestens einen Isoliermittel (413, 414) um eine

flache Schicht aus Kunststoff, beispielsweise um eine Kunst-

stofffolie handelt, die zwischen den Stirnseiten des Wickels und

den ebenen Boden- und Deckelbereichen angeordnet ist.

11. Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass sie wiederaufladbar ist.

12. Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass sie ein Verhéltnis Hohe : Durchmesser < 1,

vorzugsweise zwischen 0,1 und 0.9, insbesondere zwischen 0.15

und 0.7, aufweist.

13. Verfahren zur Herstellung einer Knopfzelle, insbesondere einer

Knopfzelle (100; 400) nach einem der vorhergehenden Anspru-

che, wobei aus einem metallischen Becherteil (101, 401) und ei-

nem metallischen Deckelteil (102; 402) ein Gehéuse mit einem

ebenen Bodenbereich (103) und einem dazu parallelen ebenen

Deckelbereich (104) montiert wird und wobei ein Elektroden-

Separator—Verbund mit alé flache Schicht ausgebildeten Elektro-

den (105, 106; 201, 202; 304, 305; 407, 408) derart in das Gehéu-

se eingesetzt wird, dass die Elektroden orthogonal zu dem ebe-

nen Boden— und Deckelbereich (103, 104) ausgerichtet sind.

14. Verfahren nach Anspruch 13, dadurch gekennzeichnet, dass der

Elektroden-Senarator-Verbund als Wickel (200; 300; 404) einge—

setzt wird, insbesondere als spiralformiger Wickel.

15. Verfahren nach Anspruch 14, umfassend die Schritte

- Einsetzen des Wickels (200; 300; 404) in das metallische

Deckelteil (102; 402),
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- Einsetzen des metallischen Deckelteils (102) mit dem Wickel

(200) in ein metallisches Becherteil (101; 401),

- Umbérdeln des Randes des Becherteils.

16. Verfahren nach Anspruch 14 oder 15. dadurch gekennzeichnet,

class der Wickel (200; 300; 404) vor dem Verbauen an seinen

Stirnseiten wérmebehandelt wird, wobei er zumindest kurzfristig

einer Temperatur ausgesetzt wird, bei der der Separator (107;

203; 302, 303; 405, 406) thermoplastisch verformbar ist.
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Zusammenfassung

Beschrieben wird eine Knopfzelle (100; 400), die ein metallisches Be-

cherteil (101; 401) und ein metallisches Deckelteil (102; 402) aufweist,

welche dichtend miteinander verbunden sind und ein Gehause mit ei—

nem ebenen Bodenbereich (103) und einem dazu parallelen ebenen

Deckelbereich (104) ausbilden, wobei innerhalb des Gehauses als fla-

che Schichten ausgebildete positive und negative Elektroden (105, 106;

201, 202; 304, 305; 407, 408) angeordnet sind, die Uber einen flachigen

Separator (107; 203; 302, 303; 405, 406) miteinander verbunden sind,

wobei die Elektrodenschichten im wesentlichen orthogonal zu dem ebe—

nen Boden— und Deckelbereich ausgerichtet sind. Weiterhin wird ein

Verfahren zur Herstellung einer solchen Knopfzelle beschrieben.

JLab/Cambridge, Exh. 1002, p. 213



JLab/Cambridge, Exh. 1002, p. 214

P 49 226 DEl

Figur zur Zusammenfassung
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Beschreibung

Knogfzelle mit Elektrodenwickel

Die vorliegende Erfindung betrifft Knopfzellen mit einem Gehéuse aus

zwei metallischen Geh'a'usehalbteilen, das einen gewickelten Elektro-

den-Separator-Verbund enthélt.

Knopfzellen weisen Ublicherweise‘ ein Gehéuse aus zwei Gehéusehalb-

_ teilen, einem Zellenbecher und einem Zellendeckel, auf. Diese kénnen

beispielsweise aus vernickeltem Tiefziehblech als Stanzziehteile herge-

stellt werden. Gew'o‘hnlich ist der Zellenbecher positiv und der Gehéuse-

deckel negativ gepolt. In dem Gehéuse k6nnen die verschiedensten e-

lektrochemischen Systeme enthalten sein, beispielsweise Zink/MnOz,

primére und sekundére Lithium-Systeme oder sekundére Systeme wie

Nickel/Cadmium oder Nickel/Metallhydrid.

Der flUssigkeitsdichte Verschluss von Knopfzellen erfolgt klassisch durch

Umbérdeln des Randes des Zellenbechers Uber den Rand des Zellen-

deckels in Verbindung mit einem Kunststoffring, der zwischen Zellenbe-

cher und Zellendeckel angeordnet ist und der gleichzeitig als Dichtungs—
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element sowie zur elektrischen lsolierung des Zellenbechers und des

Zellendeckels dient. Derartige Knopfzellen sind beispielsweise in der DE

31 13 309 beschrieben.

Alternativ ist es jedoch auch mc‘iglich, Knopfzellen zu fertigen, bei denen

Zellenbecher und Zellendeckel in axialer Richtung ausschlieBlich durch

eine kraftschlussige Verbindung zusammengehalten werden und die

keinen umgebérdelten Becherrand aufweisen. Derartige Knopfzellen

sowie ein Verfahren zu ihrer Herstellung sind in der bislang noch unver-

éffentlichten deutschen Patentanmeldung mit dem Aktenzeichen 10

2009 017 514.8 beschrieben. Ungeachtet der diversen Vorteile, die sol—

che Knopfzellen ohne Bérdelung aufweisen k6nnen, sind sie in axialer

Richtung jedoch weniger belastbar als vergleichbare Knopfzellen mit

umgebérdeltem Becherrand, insbesondere was axiale mechanische Be-

lastungen angeht, die ihre Ursache im lnneren der Knopfzelle haben. So

sind zum Beispiel die Elektroden von wiederaufladbaren Lithium—lonen—

Systemen bei Lade- und Entladevorgé‘mgen stets Volumenénderungen

ausgesetzt. Die dabei auftretenden axialen Krz'a'fte k6nnen bei Knopfzel—

len ohne Bérdelung naturlich vergleichsweise leichter zu Undichtigkeiten

fflhren als bei Knopfzellen mit Bfirdelung.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, eine Knopfzelle

bereitzustellen, bei der die oben angesprochenen Probleme nicht oder

nur in stark verringertem Mars auftreten. Die Knopfzelle soll insbesonde-

re gegenflber in axialer Richtung auftretenden mechanischen Belastun-

gen Widerstandsféhiger sein als herkémmliche Knopfzellen, insbesonde-

re auch dann, wenn sie als Knopfzelle ohne umgebérdelten Becherrand

gefertigt wird.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1. Bevorzugte Ausffihrungsformen der erfindungsgem'a‘Ben

Knopfzelle sind in den abhéngigen Ansprflchen 2 bis 6 definiert. Der
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Wortlaut samtlicher Anspr‘Liche wird hiermit durch Bezugnahme zum In-

halt dieser Beschreibung gemacht.

Eine erfindungsgemaBe Knopfzelle umfasst stets zwei metallische Ge-

héusehalbteile, die durch eine elektrisch isolierende Dichtung voneinan-

der getrennt sind und die ein Gehause mit einem ebenen Bodenbereich

und einem dazu parallelen ebenen Deckelbereich ausbilden. Bei den

beiden Gehausehalbteilen handelt es sich, wie eingangs bereits er-

wahnt, in der Regel um einen sogenannten Gehausebecher und einen

Gehausedeckel. Als Gehausehalbteiie sind insbesondere Teile aus ver-

nickeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werk-

stoff geeignet sind insbesondere Trimetalle, beispielsweise mit der Ab-

folge Nickel. Stahl (oder Edelstahl) und Kupfer (wobei die Nickelschicht

bevorzugt die AuBen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehauses bildet).

Als Dichtung kann beispielsweise eine SpritzguB- oder eine Foliendich—

tung zum Einsatz kommen. Letztere sind beispielsweise in der DE 196

47 593 beschrieben.

lnnerhalb des Gehauses sind mindestens eine positive und mindestens

eine negative Elektrode angeordnet und zwar jeweils in Form von fla-

chen Elektrodenschichten. Die Elektroden sind vorzugsweise fiber einen

fléichigen Separator miteinander verbunden. Bevorzugt sind die Elektro-

den auf diesen Separator auflaminiert oder aufgeklebt. Die Elektroden

und der Separator weisen in der Regel jeweils nur Dicken im pm-Bereich

auf. Als Separator dient in der Regel eine porose Kunststofffolie.

Im Gehause einer erfindungsgemaflen Knopfzelle Iiegt dieser Verbund

in Form eines Wickels, insbesondere in Form eines spiralformigen Wi-

ckels, vor. Derartige Wicket lassen sich nach bekannten Verfahren (s.

2.8. DE 36 38 793) recht einfach herstellen, indem auf einen als Endlos-
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band vorliegenden Separator die Elektroden flachig, insbesondere in

Form von Streifen, aufgebracht, insbesondere auflaminiert, werden.

Aufgewickelt wird der Verbund aus Elektroden und Separatoren auf ei—

nen sogenannten Wickeldorn. Nach Abstreifen des Wickels vom Wickel-

dorn bleibt im Zentrum des Wickels ein axialer Hohlraum zuriJck, was

zur Folge hat, dass sich der Wickel gegebenenfalls in diesen Hohlraum

hinein entspannen kann. Dies kann jedoch unter Umstanden zu Proble—

men bei der elektrischen Kontaktierung der Elektroden mit den metalli-

schen Gehausehalbteilen fUhren, was im Folgenden noch genauer be-

schrieben wird.

Der Elektrodenwickel ist innerhalb einer erfindungsgemarsen Knopfzelle

namlich derart angeordnet, dass die Stirnseiten des Wickels in Richtung

des ebenen Bodenbereichs und des ebenen Deckelbereichs weisen. Die

Elektrodenschichten des Wickels sind also im Wesentlichen orthogonal

zu dem ebenen Boden- und Deckelbereich des Gehauses ausgerichtet.

Dadurch konnen radiate Kréfte, wie sie bei den erwahnten Lade— und

Entladevorgangen von Lithium-lonen-Systemen auftreten, grundsétzlich

besser aufgefangen werden als bei klassischen Lithium-Ionen-

Knopfzellen, in denen die Elektrodenschichten gestapelt in paralleler

Ausrichtung zu den ebenen Boden- und Deckelbereichen angeordnet

sind.

Dies ist detailliert in den bislang noch unverc'jffentlichten deutschen Pa-

tentanmeldungen mit den Aktenzeichen 10 2009 030 359.6 und 10 2009

008 859.8 beschrieben. Der lnhalt dieser Patentanmeldungen wird voll-

umfanglich durch Bezugnahme zum lnhalt dieser Beschreibung ge-

macht. Dies gilt insbesondere auch fUr die darin beschriebenen bevor—

zugten Ausfflhrungsformen betreffend den Verbund aus Elektroden und

Separator in einer erfindungsgemaBen Knopfzelle sowie die beschrie-

benen Ausfflhrungsformen betreffend die elektrische Kontaktierung der
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positiven und negativen Elektroden des Verbundes mit den Gehause—

halbteilen (Becher und Deckel).

Demgemais weist auch der Verbund aus Elektroden und Separator in

einer erfindungsgemarsen Knopfzelle bevorzugt eine der folgenden

Schichtabfolgen auf:

0 negative Elektrode / Separator/ positive Elektrode / Separator

oder

0 positive Elektrode / Separator/ negative Elektrode / Separator.

Weiterhin weist entsprechend der DE 10 2009 030 359.6 auch die vor-

liegend beschriebene erfindungsgemafle Knopfzelle besonders bevor-

zugt einen oder mehrere separate Ableiter auf, die die Elektroden mit

den Gehausehalbteilen verbinden.

Dabei ist es bevorzugt, dass zumindest ein Teilabschnitt des oder der

Ableiter im Boden- bzw. im Deckelbereich des Gehauses flach an der

lnnenseite der Gehéusehalbteile anliegt. Ideal ist die elektrische Kontak-

tierung der Ableiter mit den lnnenseiten des Gehauses natiirlich dann,

wenn sie zumindest leicht an das Gehause angepresst werden. Uberra-

schend effizient kann dies durch geeignete Anordnung eines Wickel—

kerns in einer erfindungsgemaflen Knopfzelle erreicht werden.

GemaB der vorliegenden Erfindung ist es vorgesehen, dass eine erfin-

dungsgemaBe Knopfzelle einen festen Wickelkern im Zentrum des Wi-

ckels aufweist, der den axialen Hohlraum im Zentrum des Wickels min—

destens teilweise ausfl'Jllt. Ein solcher Wickelkern fixiert den Elektroden-

wickel in radialer Richtung und verhindert eine mogliche Implosion des

Wickels in den axialen Hohlraum. Bei einer derartigen Entspannung des

JLab/Cambridge, Exh. 1002, p. 224



JLab/Cambridge, Exh. 1002, p. 225

P49 226 DE2 -6-

Wickels lasst auch der Druck nach, den die Stirnseiten des Wickels in

axialer Richtung und damit in Richtung dort gegebenenfalls angeordne-

ten Ableiter ausuben. Wird dies unterbunden, so resultieren auch keine

Probleme mit der elektrischen Kontaktierung der Elektroden und den

metallischen Gehéusehalbteilen.

Daneben verbessert ein solcher Wickelkern auch die Stabilitat der erfin-

dungsgemalsen Knopfzelle gegenuber éufieren mechanischen EinfliJs-

sen. Eine Beschédigung des Elektrodenwickels in der Knopfzelle durch

einen auBeren mechanischen Druck in axialer Richtung ist in der Regel

nicht mehr méglich.

GemaB der bevorzugten Austhrungsform des Elektrodenwickels als

spiralférmiger Elektrodenwickel ist der erwahnte axiale Hohlraum im

Zentrum des Wickels vorzugsweise im Wesentlichen zylindrisch (insbe-

sondere kreiszylindrisch) ausgebildet. Mantelseitig wird er durch den

Wickel begrenzt, stimseitig durch entsprechende Flachen des Boden—

bzw. des Deckelbereichs des Knopfzellengehauses.

Entsprechend ist auch der in einer erfindungsgemalsen Knopfzelle ent-

haltene Wickelkern bevorzugt als Zylinder, insbesondere als Hohlzylin-

der, ausgebildet. Die Héhe eines solchen Zylinders entspricht bevorzugt

dem jeweiligen Abstand des ebenen Bodenbereichs von dem dazu pa-

rallelen ebenen Deckelbereich.

In besonders bevorzugten Ausfflhrungsformen kann der Wickelkern ra-

dial selbstexpandierende Eigenschaften aufweisen. Es ist zum Beispiel

méglich, den Wickelkern in einer radial komprimierten Konfiguration in

den axialen Hohlraum des Wickels einer erfindungsgemaBen Knopfzelle

einzufflhren. Bei Entspannung des radial komprimierten Wickelkerns flbt

dieser einen radialen Druck auf den ihn umgebenden Elektrodenwickel

aus und gewéihrleistet so einen Anpressdruck auch in axialer Richtung.

JLab/Cambridge, Exh. 1002, p. 225



JLab/Cambridge, Exh. 1002, p. 226

P49226DE2 -7-

Als radial selbstexpandierender Wickelkern kann beispielsweise ein axi-

al geschlitzter Hohlzylinder zum Einsatz kommen. Alternativ sind jedoch

auch andere radial selbstexpandierende Materialien. beispielsweise auf

Kunststoffbasis, denkbar.

Besonders bevorzugt besteht der Wickelkern aus einem Metall wie

Edelstahl oder aus Kunststoff.

Bei der erfindungsgemafien Knopfzelle handelt es sich entsprechend

den obigen Austhrungen insbesondere um eine wiederaufladbare

Knopfzelle. Besonders bevorzugt weist eine erfindungsgeméBe Knopf-

zelle mindestens eine Lithium-interkalierende Elektrode auf.

Das Verhaltnis von Héhe zu Durchmesser liegt bei Knopfzellen definiti-

onsgemaB unterhalb von 1. Besonders bevorzugt liegt dieses Verhéltnis

bei einer erfindungsgemaBen Knopfzelle zwischen 0.1 und 0.9, insbe—

sondere zwischen 0.15 und 0.7. Unter der Hfjhe soll dabei der Abstand

zwischen dem ebenen Bodenbereich und dem dazu parallelen ebenen

Deckelbereich verstanden werden. Der Durchmesser meint die maxima-

le Entfernung zweier Punkte auf dem Mantelbereich der Knopfzelle.

Besonders bevorzugt handelt es sich bei der erfindungsgemaBen

Knopfzelle um eine Knopfzelle ohne Bérdelung, wie sie in der eingangs

bereits erwahnten Patentanmeldung mit dem Aktenzeichen 10 2009 017

514.8 beschrieben ist. Entsprechend besteht zwischen den Gehéuse-

halbteilen bevorzugt eine ausschlieBlich kraftschlUssige Verbindung. Die

erfindungsgemaBe Knopfzelle weist also keinen umgebérdelten Becher—

rand auf, wie dies bei aus dem Stand der Technik bekannten Knopfzel-

len stets der Fall ist. Die Knopfzelle ist bérdelfrei verschlossen. Auch der

lnhalt der DE 10 2009 017 514.8 wird vollumfanglich durch Bezugnahme

zum lnhalt dieser Beschreibung gemacht.
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Die genannten und weitere Vorteile der Erfindung ergeben sich aus der

nun folgenden Beschreibung der Zeichnung in Verbindung mit den Un-

teransprflchen. Dabei kénnen die einzelnen Merkmale der Erfindung fUr

sich allein oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Ausfflhrungsformen dienen lediglich zur Erléuterung und

zum besseren Versténdnis der Erfindung und sind in keiner Weise ein-

schr'a'nkend zu verstehen.

Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfuh—

rungsform einer erfindungsgeméflsen Knopfzelle 100.

Diese weist ein metallisches Becherteil 101 und ein metallisches Deckel-

teil 102 auf. Uber eine Dichtung 110 sind die beiden Teile dichtend mit-

einander verbunden. Zusammen bilden sie ein Gehéuse mit einem ebe-

nen Bodenbereich 103 und einem dazu parallelen ebenen Deckelbe-

reich 104 aus. lm Gebrauchszustand bilden diese ebenen Bereiche 103

und 104 die Pole der Knopfzelle, an denen eine Stromabnahme durch

einen Verbraucher erfolgen kann.

Der Zellendeckel 102 ist in den Zellenbecher 101 eingeschoben, so

dass die Mantelbereiche des Zellendeckels und des Zellenbechers fiber-

lappen, wobei der Innenradius des Zellenbechers 101 im fiberlappenden

Bereich in Richtung der Schnittkante im wesentlichen konstant ist. Der

Rand des Zellenbechers 101 ist also nicht fiber den Rand 111 des Zel-

lendeckels 102 gebérdelt, bei der vorliegend beschriebenen bevorzug-

ten Ausfflhrungsform einer erfindungsgeméBen Knopfzelle 100 handelt

es sich somit um eine bérdelfreie Knopfzelle.
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lm lnneren der Elektrode ist ein Verbund aus einer streifenférmigen E—

lektrode 108, einer streifenformigen Elektrode 109 und den streifenfér—

migen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

108 und 109 sowie den Separatoren 107 liegt dabei in Form eines Wi-

ckels vor, dessen Stirnseiten in Richtung des ebenen Bodenbereichs

103 und des dazu parallelen ebenen Deckelbereichs 104 weisen. Auf—

gewickelt ist der Verbund auf dem Wickelkern 112 im Zentrum der

Knopfzelle 100. Sowohl der Kern 112 als auch die um ihn gewickelten

Elektroden und Separatoren sind orthogonal zu den ebenen Boden- und

Deckelbereichen 104 und 103 ausgerichtet. Sofern die Elektroden bei

einem Lade— oder Entladevorgang an Volumen gewinnen oder verlieren,

wirken die dabei resultierenden mechanischen Kréfte Uberwiegend radi-

al und kénnen vom Mantelbereich der Knopfzelle 100 aufgefangen wer-

den.

Kontaktiert sind die positiven und die negativen Elektroden mit den Ge—

héusehalbteilen Becher und Deckel Cuber den Ableiter 105 und den

Ableiter 106. Der Ableiter 105 besteht aus Aluminium, der Ableiter 106

aus Nickel (oder alternativ aus Kupfer). Bei beiden Ableitern handelt es

sich um dUnne Folien, die flach zwischen den Stirnseiten des Wickels

und den ebenen Deckel- bzw. Bodenbereichen 103 und 104 zum Liegen

kommen. Bedingt durch den Wickelkern 112 wird ein steter leichter An-

pressdruck auf die Ableiter aufrechterhalten. Von den Stirnseiten des

Wickels sind die Ableiter bevorzugt durch ein separates Isolatorelement

(in der Zeichnung nicht dargestellt) getrennt, beispielsweise durch eine

dflnne Folie.
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1.

2.

Patentansgrflche

Knopfzelle, umfassend

- zwei metallische Geh'a‘usehalbteile, die durch eine elektrisch

isolierende Dichtung voneinander getrennt sind und die ein

Gehéuse mit einem ebenen Bodenbereich und einem dazu pa-

rallelen ebenen Deckelbereich ausbilden,

- einen Elektroden-Separator-Verbund innerhalb des Gehéuses,

wobei der Verbund in Form eines vorzugsweise spiralffirmigen

Wickels vorliegt, in dessen Zentrum sich ein axialer Hohlraum

befindet und dessen Stirnseiten in Richtung des ebenen Bo—

denbereichs und des ebenen Deckelbereichs weisen und

- einen Wickelkern im Zentrum des Wickels, der den axialen

Hohlraum mindestens teilweise ausfflllt.

Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass der

Wickelkern als Hohlzylinder ausgebildet ist.

Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass der Wickelkern radial selbstexpandierend ausge-

bildet ist.

Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass es sich bei dem Wickelkern um einen axial

geschlitzten Hohlzylinder handelt.

Knopfzelle nach einem der vorhergehenden Ansprflche, dadurch

gekennzeichnet, dass der Wickelkern aus Metall oder aus Kunst—

stoff besteht.

JLab/Cambridge, Exh. 1002, p. 229



JLab/Cambridge, Exh. 1002, p. 230

P49226DE2 -11-

6. Knopfzelle nach einem der vorhergehenden AnsprUche, dadurch

gekennzeichnet, dass sie ein Verhéltnis von HUlle zu Durchmes-

ser zwischen 0.1 und 0.9 aufweist.
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P49226 DE2 -12-

Zusammenfassung

Beschrieben wird eine Knopfzelle mit zwei metallischen Gehéusehalbtei-

len, die durch eine elektrisch isolierende Dichtung voneinander getrennt

sind und die ein Gehéuse mit einem ebenen Bodenbereich und einem

dazu parallelen ebenen Deckelbereich ausbilden. In dem Gehéuse be—

finden sich ein EIektroden-Separator-Verbund, der in Form eines vor-

zugsweise spiralférmigen Wickels vorliegt, in dessen Zentrum sich ein

axialer Hohlraum befindet, und ein Wickelkern, der den axialen Hohl-

raum mindestens teilweise ausfflllt.
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13/146,669 Eduard Pytlik RUF—11—1270
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ONE LIBERTY PLACE

1650 MARKET ST, SUITE 4900
PHILADELPHIA, PA 19103

CONFIRMATION NO. 6273
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NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the IE to the United States Patent and Trademark

Office as a Designated Office (37 CFR 1.494):

- Priority Document
' Copy of the International Application filed on 07/28/2011
- English Translation of the IA filed on 07/28/2011
- Copy of the International Search Report filed on 07/28/2011
- Preliminary Amendments filed on 07/28/2011
- Information Disclosure Statements filed on 07/28/2011
' U.S. Basic National Fees filed on 07/28/2011

- Substitute Specification filed on 07/28/2011
' Assignee Statement for PGPUB filed on 07/28/2011
- Priority Documents filed on 07/28/2011

The applicant needs to satisfy supplemental fees problems indicated below.

The following items MUST be furnished within the period set forth below in order to complete the requirements for

acceptance under 35 U.S.C. 371:

- Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application by
the International application number and international filing date.

- To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.492(h) of $130 for a non-small entity, must be submitted with the missing
items identified in this letter.

SUMMARY OF FEES DUE:

Total additional fees required for this application is $130 for a Large Entity:
- $130 Surcharge.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions

of 37 CFR1.136(a).
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FORM PCT/DO/EO/905 (371 Formalities Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the US. application no. shown above (37 CFR 1.5)

Registered users of EFS—Web may alternatively submit their reply to this notice via EFS—Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS—Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://wwwuspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

DEBORAH A TI IOMAS
 

Telephone: (571) 272-7175
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EN THE {JNITED S'E‘A‘E‘ES PATENT AND TRADEMARK OFFICE

Art. Uni: : Cusmmer 359.: MERE
Eixan‘ainsr .

$535131 Nu. : 13/3465669

33:11:53 : fill-y 28, 2013
PCT No. : E’CTfEPEOEGfOGfl?8T

PU? FHed : §Febmmy 9., 26m
Emenmrs : E3duard?yt§ik BockctNo; RUE‘XH—EZW

: Jagger: Linfincz'

: Uiric‘ifi Barcmhin Cmfi‘amafion N0; 6273

: Winfréed Gaugier
Title ; BUTTON H‘aS AND METHO‘Q

: FOR PRGDUCWG SAME

Dated: Sggggexnbgr 7?. 2m 5
  

TRANSMET'E‘AL LETTER

Mafl 8mg!“ Missing Paris
Cwmmissiener f0? ?atenis

23.0. Box 5431')

Aiexafldfia, VA 2231355453

Sir:

Appiicams aekngwiwgs‘: rsceipt 0f the N‘Gtificatéflzn of Missing Requirements damd August

‘52, 20 ‘5 i. Agpiic {121:2 submii an executed Combined Ekaziam‘iium Power ofAttomey and §>€ti§i0n and

request 15:3: 35 be. farmzfliy entered. in 1hr: officiai 515::

The Cgmmimimner is authgrized to chargs {ha $130.30 fee. to Deposit Acutnmi‘ N0. 50~2719.

The (‘Ion'amissioner is, authorized to charge any in sufficiesncy or cradit any cvvmaajmem to

Depasit Account Ni). 385-2719.

Respecfihiiy “submitmd,

 
E". Danie. Christenbwy
Reg. N0. 35355)

BASIN :~m+ezm~2:. l
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Anmney Dockm No. RUF-l 33- 3 2.
K] (:2

0332333331} 1533933333(2333033

L”C"!N;333333333 App3303333933[8E3-
U.S. Besignated Office

Continuatim‘. or D3v§sim323§ Appficzifiam

Continuatim L33~Par3 AppiicafionBE

COMEENED flECLARATRON
POWER 0.? A'E'EURNE‘s” ANB‘ PE'NTEON

As a {33313233332333.3661 3333335333333. 3 here. «333333.333: 313333:

My 33:3Ede33cc. past 03(we addmss and citizenship are as stated beiow mmtoto my name.

‘ce‘sieve 3 33333 the 033052.333333, 3‘3333 33333.33339. inventor (3"53033133 0336- 33333333: is listed b63933”) Gram 0:3g333233 33333 and3333333 33333333303 (33"

33333333331 names are: 13'szed 33230w} (33 3313 subiect 3. after whichis33333383] and $333 which :2 33333833 is 5333332333 033 3.333 3333333333333.
3333'L3ti“c BL?TTONC3.53.3.3 “3ND Mi. 'I-iOE} HER PRO}.13.JCENQ SAME  

 

E which38 describefimm:3:333ca333333233331c3ai33zs"J

{3 33333333333 herein.

:3 ‘3“: had 3333

Appii 123333333 Serial No.

and 33:335.- 23333333333333. on

 
 

'ajf'apnfi:

E which is 33.65. 333C in 33333,:33323333333233 ‘39:):33:3333 3333 'Ne. FC’L’EE’AQE *3008787 flied 09.Febarmy 2030 33333 as 33333332333333 {333
__________________________7............W“.W.... WM_-M---W__ “ {‘2 3‘ any“.

 

which have reviewed 333333 3'03 which 3 which 33 United Siam 332333333.
.

3 hereby state that 3 have raviewed {3333: understami the contents 03331:: abovevidsmified 3 23:3"33'catian 333ciud33mg; the 323233333594
23331333de by any amendm-em referred {(3 33130339..

3 acknowicdg3,3: the duty to {1353:3936 immmaiion which33 materiai to 33333833333333“ :35 (363:.md'133 37 Cr .331 §3 :76 3336333333333; fur

cantinuafion—mvpart appiicmkm: 333536337233 information whim. became 3332333333336: batsmen 33.2 33333.39, date of the p33 :33-

23320339313633 and the 33.330333} 3.33 PC.3 333333 «3333333233 3'333ng date hf the c03333n3333333331-333~32233T appiicafien.
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AflQTRGY Becket N0. EUR} £- 3 13210
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{L4g3}?!$511350)? Serial J‘s-"(2.) {Fiia'szg Dixie?
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CUMBENEEE SECLARA'HON, FUWER {39F ATTORN EV ANS PETSWQN
{Page 3)

33;:me Bucket N0 Rliffii 14276
5 hereby petifimz for gram of a United States Lefitcs's Patent as: {his irwentihn.

i harehy declare that ah statements made her *in hf my awn knowfedge are true and that 33% statemmis masie on énformaficn
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F‘“‘“
I Fifi L NLKMIS m

(95;!

  ““w..._..._..___...._\......“w..“r\w.~ v
,. W'ILN'E'UR

 

: ".‘I‘OR "S SmNAYLfiE
mmm\\\i\ “.m.

[RIG 5  
i
i:
  
 

 
  

 
 

 
 

 

 

FH‘EZE’NS) UP

German I 7
 

 

 

Efiwan 3'25}, Germany
.N“ “WV.__.x.._.__.__u  
 

 
 
 
 

 

 
 

 
  

 

 
..DIJRL...\

h f rafiefl§f_§__z_fi§79 Eiiwange 3 Germany m0? MsmeNm, mm? mvi’m'cm

Winfriuci Sanger

  

 AN '\:‘

 
€:\CE'

”fiffira‘z‘gggh. Gentiles??? «_POST 01“F'K‘X. «\FJDR

3%rk i c n

 

 
  Egan. Germany

A JEN-ML JOE"«'T H‘z v5; 
 

  
 
 

 

 
NT‘EW. IF 3N"
  

KiiSiDENI'E: C‘ETIZENSHEP

MST (13" HC {1. ADDREQS

 

 

{1 HR}. N’Sh.“ (1'? ADDS"! {DEAL 10in ”NFL.

 
 

0.51.,1'51 ANY iNVENTGH‘S SIGNATURE
 

Rte-“39.5115

INVENJ'OR‘S SWEATER}? :  
 

l

C‘WIZENSE ii? I
  

JLab/Cambridge, Exh. 1002, p. 241



JLab/Cambridge, Exh. 1002, p. 242

 

Electronic Patent Application Fee Transmittal

Title of Invention: BU'I'I'ON CELLS AND METHOD FOR PRODUCING SAME

First Named Inventor/Applicant Name: Eduard Pytlik 

Filer: Thomas Daniel Christenbury/Carol Coney

Filed as Large Entity

US. National Stage under 35 USC 371 Filing Fees

Sub-Total in

USD($)Description Fee Code Quantity

Basic Filing:

Claims:
 

Miscellaneous-Filing:

Oath/decl > 30 months from priority date 1617 1 130 130

Petition:

 

 

Patent-Appeals—and-lnterference:

Post-AlIowance-and-Post-lssuance:

Extension-of—Time:
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Sub-Total in

Description Quantity USD($) 

Miscellaneous:

Total in USD (5)
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Electronic Acknowledgement Receipt 

1 0894074

Confirmation Number: 

Title of Invention: BU'I'I'ON CELLS AND METHOD FOR PRODUCING SAME

 

First Named Inventor/Applicant Name: Eduard Pytlik

Customer Number: 35811

Filer Authorized By: Thomas Daniel Christenbury 

Attorney Docket Number: RUF—1 1—1270

Time Stamp: 15:03:17

 
 

Application Type: US. National Stage under 35 USC 371 

Payment information:

Submitted with Payment yes

PaymentType Deposit Account 

Payment was successfully received in RAM $130

Deposit Account 502719

The Director ofthe USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C. F.R. Section 1 2.1 (Miscellaneous fees and charges)

Document Document Descri tion FileSize(Bytes)/ Multi Pages
Number P Message Digest Part l.zip (ifappl.)

196345

n4ab8649C3c2aecb40c4c30fefaééc83a258
1 28f

Transmittal Letter transmittalletter1.pdf

Warnings:  
237083

cldadszZd965(93435(63687893d0b(96
262af

 
954229

Oath or Declaration filed Declarationpdf 9815a4277c40a33131eaa412bfaaa31e0e31
36::

Information: 

Fee Worksheet (SBOG) fee-infopdf 5e70da3€19d0467a32988:debda4bd007(
anpsh

Warnings: 

Information: 

 
Total Files Size (in bytes) 3684304
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

lfa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DOIEOI903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
Ifa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number

and ofthe International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UVTTET‘I STATES DEPARTMENT OF COM'MFIRCFI
United States Patent and Trademark Office
Addt'ess. COMB/ITSSTOVFR FOR PATENTSPO Box 1450

Alexandriay‘hjgnia 22313-1450wwwusptogov
 

13/146,669 Eduard Pytlik RUF—11—1270
35811

IP GROUP OF DLA PIPER LLP (US) PCT/EP10/00787
ONE LIBERTY PLACE

1650 MARKET ST, SUITE 4900
PHILADELPHIA, PA 19103

CONFIRMATION NO. 6273

371 FORMALITIES LETTER

IIII|I|I||||||I||II|||II|||II||III|I|III|II|||IIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIII

NOTIFICATION OF DEFECTIVE RESPONSE

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated Office (37 CFR 1.494):

' Priority Document

- Copy of the International Application filed on 07/28/2011
- English Translation of the IA filed on 07/28/2011

- Copy of the International Search Report filed on 07/28/2011
- Preliminary Amendments filed on 07/28/2011
' Information Disclosure Statements filed on 07/28/2011
- Oath or Declaration filed on 09/07/2011
' U.S. Basic National Fees filed on 07/28/2011

- Substitute Specification filed on 07/28/2011
' Assignee Statement for PGPUB filed on 07/28/2011
- Priority Documents filed on 07/28/2011

Applicant‘s response filed 09/07/2011 is hereby acknowledged. The following requirements set forth in the
NOTIFICATION of MISSING REQUIREMENTS mailed 08/12/2011 have not been completed.

The following items MUST be furnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371:

Date Mailed: 09/13/2011

' Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application
by the International application number and international filing date. The current oath or declaration does not
comply with 37 CFR 1.497(a) and (b) in that it:

- Applicant change the address on the oath and it's not legible, please initial changes.

Applicant is required to complete the response within a time limit of ONE MONTH from the date of
this Notification or within the time remaining in the response set forth in the Notification of Missing

Requirements, whichever is the longer. No extension of this time limit may be granted under 37 CFR
1.136, but the period for response set in the Notification of Missing Requirements may be extended under
37 CFR 1.136(3).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the US. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

page 1 of 2
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For more information about EFS—Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://wwwuspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

DEBORAH A THOMAS
 

Telephone: (571) 272-7175

page 2 of 2

FORM PCT/DO/EO/916 (371 Formaiities Notice)
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PATENT APPLICATION FEE DETERMINATION RECORD Application Of DOCKGI Number
Substitute for Form PTO-875 13/146,669

APPLICATION AS FILED - PART I OTHER THAN

(Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

— NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($ FEE($)BASIC FEE
(37 CFR1.16(a) (b) or (6))
SEARCH FEE
(37 CFR1.16(k) (i) or (m))
EXAMINATION FEE
(37 CFR1.16(o). (p) or (q))

INDEPENDENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional
(37 CFR 116(5)) 50 sheets or fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CPR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

‘ If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA FEE($) FEE($)AMENDMENT PAID FOR

Total
(37 CFR I Ism)

Independent(37 OER 1 16(h)|AMENDMENTA Application Size Fee (37 CFR1 16(s))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL TOTAL
ADD‘L FEE ADD'L FEE

(Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY ‘ FEE($) FEE($)AMENDMENT PAID FOR

Independent(37 CPR 1 team
Application Size Fee (37 CFR1.16(s))AMENDMENTB
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD‘L FEE ADD'L FEE

* Ifthe entry in column 1 is less than the entry in column 2, write ”0” in column 3.
** lfthe "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20”.

"‘ lfthe "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter ”".3
The "Highest Number PreII/Iously Paid For" (Total or Independent) Is the highest found In the appropriate box In column 1.

 
JLab/Cambridge, Exh. 1002, p. 258



JLab/Cambridge, Exh. 1002, p. 259

IN THE UNE'E‘ED STATES PA'EENT AND TKJRDEMARK GFFEC 13

531111113: : Cfistamar N13,: $335813
Examiner :

81311111 N11: : 13i1“6669

Filed : E1113-8 2811
PC‘I‘NO. : FCJEPLBEGJEJGG’FB’Y

FEST 3"11:11 : 81311111111338, 201E}
Emmiers : Eduard 3331111; Docketh '.RUE«E 27E}

; Eikgen 11:13:de
: UErECh Barenthin Csnfimmfim N31; 6273

: Vfiflfi‘ifid {3211131361
"E‘E’zie : EU"E"'E‘ON CELLS AND 1‘» 31171831013

: EUR FREEDUCENG SAME

3...... . _- 33333331

 

Maii $133339 MiESSEEEg Rams
(30111111133101101’ 1‘};r P11163115
ERG. Box E450

Aiexandfia, V1.W333 15?; 50

Sir:

in TSSpOHSEE E13 EE31: 'Notifimti011 ($1331.61?we RCSDGHSG dated Se33511111121? 1 3, 20} 1. 31111116311135

I‘QS161111: the amen‘ieé C11131E>11133£123€0Eara1i01L Paws: 016631011113} :311cEFcEEtio13 which 1133 E33361:

1311613361311second E11111: 13121E133q11asiih21313 be 11111111113} enteredm 3111-: fiffifl E31E Elia-1.

Ehe fess: was 5116111133663 011 Sfip‘iember 12911 with the.Filing of the angina} 13131111311311on

'E'Eacmfert: 110. 3231313 11311111312121 1316313 1111112.

T3113. Commissimmr Es RUEEEE‘IKEZEBE'E to charge a1} insuific “my {31‘ credi-E an} 131:1:mammv‘i

Deposit 1111312031111 No. 513—2719.

Respecifufi? submiiwd,

 
T. 321111131 Christmbury
Reg NEE. 31.3750

THC/CC

{2'13“33561-3381

i'"..='15'1“~»3-11M 1 521313.:

JLab/Cambridge, Exh. 1002, p. 259



JLab/Cambridge, Exh. 1002, p. 260

Niamey Backs: No RUF-i 1- 112.70

Qrégmai Apgafiicatkm

PCT Natimm 1 Appiicafion

Us. Designated Smut;

Continuatiun m" Divisionai Apgli‘catian

Contimsation‘in-Pm Appfisatian{EC}

CflMBBNED BECLARATHQN,
POWER BF A'§"§‘URNEY ANS} RENEE-(3N

As a beknv named inventor: 3 hereby deems that

M ‘ rfisidence, ms: affice. address aim uiiizenshi are: as siated beéaw next in mv name,
a , J

E heiiwe 3 am Ehe original first. am sake inventor (if oniy 011-:- name is £19in below) (if an crigimfi‘ first and joint invemm‘ {if
pimafi names an: listed beinw) ohm subjec! matter which is chimed and for which a patent is soughé {m the inventéma
emifiafi BU “TEN CELLS AND METE‘KOD FUR PRODUCING SAME

B which is described in the specification amfi cfiaims

{3 attached harem.

U fiixsd an ‘_

Applicativn Sada} N0.

and was amended on  

{:‘fqppifcabieE

which is describefi in inmmatimai Applicatima No. FCTE’EPEQ’ZG/{EGWW film: {)9 February 2:): 0 anti as amended on
w“m___u_u __*,mwmnufanyE.

which E have reviewed and far which i saiicit a Uniteei 3:11:55 patent.

E hereby state that E have reviewed and understand the cemems oi’t‘ne abaveaidentificd Spacificgfiien, inciudéng the ciaism, as
amend-ed by any amendmem rei‘ezwd to above.

X aczknowiedge the 111?}! EC: disciese information which is mam-iii} :0 patenfiabiiit}? BS ééfined in 3’? C.‘ F R §3 .56" insiuding for
mniinuatinnainnpart app}iLvaxionsa material information which became avai‘sahie belwema the ' mg; date of the prior
appiiwtion and the Rafi-anal 0r PCT intea‘natimm fi‘amg date Gffi'ifi continuatim«in-~g>afi applicatism.

 

JLab/Cambridge, Exh. 1002, p. 260



JLab/Cambridge, Exh. 1002, p. 261

.{EMBENEE EBECLARA’E‘EGN, POWER 0?“ AT’E‘GRNEY AM} E‘ETETEON

(Page: 2)

Niamey 3111;193:190. RU}? 11413371)

i Ereraby {:Eaim fureigar pa‘im‘iry benefits underz“‘3:31 35 Uni{3:1 Shires (X1313, §31€§§a1€d§0="‘3§§5{h) of any foreign
11ppiécarion€s3for parent <1:— iswenmr‘s 12.11-11.931.3 o §365(a)3fa11y Pf...) internation 11°11ngniic*t.i0n wnich dwgnatw.1339:
one country 0111139 than 1111; U 111th States of America, {1'15.3ed beimv and have 21190 idenréfieé b31619 any foreign appficzmenvfis}

for {3131:3111 or invenmr‘s carfificme or of any é‘C’E‘ Emsmmimml Aprfiicarénn having a fiiingirate neforethat 0f file appiicafiun
on which priority is claimed:

 WW““W--mmtamw

 
 
 

 

 
 

 

 WE

  Batu11’F‘1Eing
{davmomh. ear}. W...' . hr 1. -

Num 2.. .. u) Entry   

u1-
if} 20139 (H38 359 8 GermarwE._.._...W ..

 

:3 2911; {1393.59
W\\\\

.19 2N9 5361} 783.9

“(3611:1sz 38 311m: 2009

German» ME 22 Decemr1_‘3<‘:r

   

.1  
 

   
I hereby ciaimtthe £19191“1 under Title 35.Ur1it3c‘- $93.25 Cod: $399310: 5120 {as appiEsmbIe} 31‘ any 1.1111333 States
appiicafienis} 1:11”9165(1)) 01‘21P.) PCY Intemationai Ar»;31362193091. designating the Ufiilfli States Of America Eisted beEow and
insuiar as the 3133.1E13C:i 3:23.113? of each 01’ rhea-11*.Ems 3f this appiicaiion is m). dischscd 11‘1 5‘13. prior {.11.i-xd States or PC1"
{11131133116113} Amiica‘.itmisb.11 t3}; manner provided {w the.“.rst p..ragraph 131”I19113 35, United Stares (Jade, §£L

  (M1315: Dare;

{‘f-‘r‘r'ing Dara)
  

{Effigywmemeu 1-

PQWER 0‘1“ A‘3“‘£'0RNE‘.’: 41.9. a named inventor: I hereby 3;;302'1‘1‘1 :31e 161?owing 1‘.mgfiereé atmmeys to pmsgcute this
applicatéma and 1mm23c: 33‘: 3395991353111 11m.Med 8.3139 Pater-I and Trader-nark {Biff-:26. 90.11.139.133 itmmwith:

 

  

E. {139.112.}‘hrismnbury Reg N0, 31.750 William L Eamow Reg 199.54.983
9213131A E‘srufer 3.513191. 35,783 Erin:“acclia Reg. No. 565,339

Bar-11131.3. Gamfiino Reg.N0.-fi.1472 Michaeli- 9.39.1311! Reg. he. 51,393

Richari} L. Cruz Reg. N). 11.13333 Lisa M. first Reg, No. 68,356

W:u.muuu “MM""‘““\“ “umwmmm

EE SEND 1:209: “WPUNDLRLL “1‘0: E 131111.931'3‘1‘ 91313132919019}: CALLS r0
E Cusmmer Na. (1353“, whose 1:023:32.. 11bz‘maimn is: E ATTORNEY OF R ECQR‘ER AT:
E E? Sepafimeri of F)! A Piper TL.LP {LEE,1 E

017113Li‘smi} PEaceSuite 4960 {215) 656—338}
3659 Market Street

 Ph"a.1ie§phi 31!. 19:11:13 E
  

JLab/Cambridge, Exh. 1002, p. 261



JLab/Cambridge, Exh. 1002, p. 262

(lOsVE'L-HN s23 EYESELLULI-‘L‘FEGNL E’OWER if}? A TTQRN :53" AM} Pi’L’i‘H'MN‘Q
{i’agt 3}

  Att‘rw'ne} (3|:ngiNL R75 F- f:
 

 
 

:31 (BM Unizcd States: Le.at (3:5 Patent; 

031mm ii 512me C5123 madLmChm,f1.L3 own kimwémigu an: (we: and“
" ‘ b: {Tu-s; 1(1si!1n‘ihern‘-'~‘Ms were made Wu

. ad: w: punislmbic bk. 1mm) ‘
:6. that9w; 1; \. EmuI 5'9{3L «atemLms m:

  
 
 

 
 

LIE! Sicli”
h the

   
  , ,3.“ ‘p336111 issuHid tfm‘con.

 

 

tN‘f‘N LEZ‘R’E- 5h  
 

v—vvwva

 

 

 

 
w r~,,. V L
cg. Lmu mm

 

 ...._.....L.....“._..,...._.__.._._._..,.

 
 “mm“. . ... “m..“V..."waflwfl.‘,.V».._mg.L,.LL.“LL‘L_‘4.\_«._“»..u....._w~_.u

M l P
 “mm.L.........

 
: REDRF'wS
  

 

JLab/Cambridge, Exh. 1002, p. 262



JLab/Cambridge, Exh. 1002, p. 263

Electronic Acknowledgement Receipt 

1 1068698

Confirmation Number: 

Title of Invention: BU'I'I'ON CELLS AND METHOD FOR PRODUCING SAME

 

First Named Inventor/Applicant Name: Eduard Pytlik

Customer Number: 35811

Filer Authorized By: Thomas Daniel Christenbury 

Attorney Docket Number: RUF—1 1—1270

Time Stamp: 15:14:43

 
 

Application Type: US. National Stage under 35 USC 371 

Payment information:

Document Document Descri tion FileSize(Bytes)/ Multi Pages
Number p Message Digest Part /.zip (ifappl.)

245313

Miscellaneous Incoming Letter transmittalletterpdf 3H25907454261190ce6d84b48bc40345262
56b1f

Information:
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918980

Oath or Declaration filed Declarationpdf f5hPh77P48r91f87 7(77780fd 8 3 38d 9hl ["9
8Iac

Information:

Total Files Size (in bytes) 1164293 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

lfa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)—(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371
Ifa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
lfa new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UVITET‘I STATES DEPARTMENT OF COM'MFIRCFI
United States Patent and Trademark Office
Addtess. COMMISSIONER FOR PATENTSPO Box 1450

Alexandtia Yngnia Z31-3 1450wvm.uspto.gm
APPLICATION FILING or GRPAR

NUMBER 371(2) DATE UNIT FIL FEE RECD ATTY.D.OCKETNO TOT CLAIMS IND CLAIMS

 
 

13/146669 09/07/2011 1110 RUF 11 1270
CONFIRMATION NO. 6273

35811 FILING RECEIPT

IP GROUP OF DLA PIPER LLP (US)

ONE LIBERTY PLACE l|||||l|l l||llllIllllllullllolllll00ll|| lolII III IIIIII II II II l||l|l|l|||l||l|ll||lll|||
1650 MARKET ST, SUITE 4900
PHILADELPHIA, PA 19103

Date Mailed: 10/12/2011

Receipt is acknowledged of this non—provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the US. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Eduard Pytlik, Ellwangen, GERMANY;

JUrgen Lindner, Ellwangen, GERMANY;
Ulrich Barenthin, Ellwangen, GERMANY;
Winfried Gaugler, Ellwangen, GERMANY;

Assignment For Published Patent Application
VARTA MICROBATTERY GMBH, Ellwangen, DE

Power of Attorney:
Thomas Christenbury--31750 Erin Pacella--56239
Paul Taufer--35703 Michael Burns-67593

Darius Gambino--41472 Lisa Lint--60856
Richard Cruz-62783
William Bartow--54981

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/EP10/00787 02/09/2010

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the

USPTO. Please see http://www.uspto.gov for more information.)
GERMANY 10 2009 008 859.8 02/09/2009
GERMANY 10 2009 060 788.9 12/22/2009
GERMANY 10 2009 030 359.6 06/18/2009

If Required, Foreign Filing License Granted: 10/06/2011

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 13/146,669

Projected Publication Date: 01/19/2012

Non-Publication Request: No

Early Publication Request: No
Title

BUTTON CELLS AND METHOD FOR PRODUCING SAME

Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a US. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicants license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800—786—91 99, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the US. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730—774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD Application Of DOCKGI Number
Substitute for Form PTO-875 13/146,669

APPLICATION AS FILED - PART I OTHER THAN

(Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

— NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($ FEE($)BASIC FEE
(37 CFR1.16(a) (b) or (6))
SEARCH FEE
(37 CFR1.16(k) (i) or (m))
EXAMINATION FEE
(37 CFR1.16(o). (p) or (q))

INDEPENDENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional
(37 CFR 116(5)) 50 sheets or fraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CPR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

‘ If the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN
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I. DESCRIPTION JP 2008-262825

The present invention relates to a secondary battery coin—shaped non—aqueous electrolyte solution discharge load
characteristics are enhanced.

Secondary battery coin non—aqueous electrolyte solution represented by the secondary battery lithium coin—ion,
also known as secondary batteries flat type non-aqueous electrolyte solution or a button type, a headphone set, a
watch-type communication device, a body-mounted medical it has attracted attention as a small battery of heavy
load support to be used in the so-called wearable equipment like used person of equipment is worn.

The secondary battery lithium coin conventional ion, for example, those using an electrode formed by laminating
through one by one the separator and positive electrode and a negative electrode was punched into a circle.

However, the battery of this type, the problem that the electrode is increased, there is a disadvantage that the
diffusion resistance of the lithium ion to the direction of the thickness of the electrode is increased, the discharge
load characteristics is lowered and can not be used only for applications in low power I have a.

(E.g., patent literature method by which to solve the above problems, the use of an electrode material are wound
through the separator strip, and the positive electrode of the strip, and a negative electrode of the strip, to reduce
the electrode is proposed 1, Patent Document 2, Patent Document 3, 4 references. Patent Document 1).

11-354150 Patent Publication No. 11-345626 JP JP 2003—77543 2005—310578 JP-JP

The battery has been proposed in Patent Document 2 and Patent Document 1, to form an electrode body by
winding via a separator strip, the positive electrode of the strip, and a negative electrode of band, and then formed
into a flat shape and the electrode assembly in the state that later, and (in the thickness direction) are orthogonal
to the height direction of the battery can and direction of the winding axis electrode body, I have inserted into a
battery can electrode body.

In this case, the electrode body of the battery can, because it is formed in a square shape when seen in the
height direction of the battery, there is a problem that a gap is formed between the battery can and the electrode
member, the volume loss occurs.

In addition, this electrode structure, because the expansion and contraction direction of the electrode due to the
charging and discharging of the battery matches the height direction of the battery can, there is a possibility that
the battery is deformed in the direction of height when repeatedly charged and discharged.

Meanwhile, the battery has been proposed in Patent Document 3 and Patent Document 4, since the direction of
winding axis of the electrode body, and the height direction of the battery can is the same, the gap between the
battery can and electrode assembly In addition, not occur, since the expansion and contraction direction of the
electrode due to charging and discharging of the battery coincides with the radial direction of the battery can,
there is no possibility that the battery is deformed even after repeated charging and discharging.

However, in Patent Documents 3 and 4, the electrode structure is only disclosed merely specific configuration for
improvement in heavy load characteristics is not disclosed at all.

Of course, the specific configuration for improvement in heavy load characteristics is not disclosed at allin Patent
Document 2 and Patent Document 1.

The present invention has solved the above problems, and is intended to provide a secondary battery coin-
shaped non—aqueous electrolyte solution discharge load characteristics are enhanced.

Secondary battery coin non-aqueous electrolyte solution of the present invention is a secondary battery coin—
shaped non-aqueous electrolyte solution comprising a positive electrode of the strip, and the negative electrode of
the strip, the separator strip, and a battery can of a coin type, The positive electrode and the negative electrode,
to constitute a wound body in a cylindrical shape are wound through the separator, the direction winding axis of
the wound body wherein is the same as the height direction of the battery can, The ratio D I H and the outer
diameter D of the wound body, and the height H of the winding axis direction of the wound body is 1 to 25, and
the area A of the upper surface portion of the wound body, wherein The ratio R / A and the effective reaction area
R and the said negative electrode and positive electrode faces is characterized in that it is 9-25.
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in accordance with the present invention, it is possible to provide a secondary battew coin—shaped non—aqueous
electrolyte solution discharge load characteristics is high, no deformation of the battery due to charging and
discharging.

Following, I will explain the embodiment of the secondary battery coin—shaped non—aqueous electrolyte solution of
the present invention.

Comprising a positive electrode of the strip, and the negative electrode of the strip, the separator strip, and a
battery can of a coin type, the positive electrode and the negative electrode, a secondary battery coin-shaped
non—aqueous electrolytic solution of the present invention, spirally wound with the separator and constitutes a
wound body of cylindrical shape is. '

With this structure, it is possible to reduce the electrode, can be improved to some extent the discharge load
characteristics

The direction winding axis of the wound body above is the same as the height direction of the battery can.

It is possible to prevent deformation of the battery by this structure, the expansion and contraction direction of the
electrode, the diameter direction of the battenl can strong in strength is the same, even after repeated charging
and discharging, ‘ '

The ratio D / H and the outer diameter D of the wound body, and the height H of the winding axis direction of the
winder (flatness) is set to 1 to 25.

in less than 1, it can not be said that coin—shaped battery, D / H is not suitable for secondary battery coin-shaped
non-aqueous electrolyte of wearable equipment for high capacity is required in a small thin.

In addition, D / H is more than 25, lwill depart from the acceptable range of normal cell design.

That is, since the electrode width to withstand the manufacturing process for winding the electrode is required
about 2mm at least, the minimum value of the height H of the winding axis direction of the wound body is 2mm.

Also, I believed from the size of the device to be equipped with a battery, the maximum value of the outer , J
diameter D of the winder and 50mm.

Therefore, the maximum value of D / H is 25.

Further, D] H is 1 in consideration of the battery capacity required for equipment to be mounted battery.

5-23 is more preferable.

Further, in the secondary battery coin—shaped non—aqueous electrolytic solution of the present invention, the ratio
R /A and the effective reaction area R of the area A of the upper surface portion of the wound body above, and
the negative electrode and the positive electrode is opposed to , and is set to 15 to 20, more preferably, is set to
9—25.

Thus, it is possible to further improve the discharge toad characteristics, it is optimal as a battery for various
equipment for heavy load characteristics are required.

Here, means the area of the active material layer between the cathode and anode that are wound are opposite, in
the secondary battery typically lithium ion, lithium dendrite is not generated during charging, effective reaction
area R is, the negative electrode active Because larger than the area of the positive electrode active material
layer to the area of the material layer, the entire surface of the positive electrode active material layer faces the
anode active material layer, effective reaction surface area is provided with a positive electrode active material
layer is substantially it is the area of the portion is.

The volume of the secondary battery coin-shaped non—aqueous electrolytic solution of the present invention is
preferably at least 1cm3 7cm3 less.
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When it is within this range, it is optimal as a secondary battery coin-shaped non-aqueous electrolyte solution for
a wearable device for high capacity is required in the thin compact.

Further, the two battery coin non-aqueous electrolyte solution of the present invention, the outer diameter of the
battery can is at least 20mm 50mm or less.

When it is within this range, it is optimal as a secondary battery coin—shaped non-aqueous electrolyte solution for
a wearable device for high capacity is required in thin small as described above.

Next, I will be described with reference to the drawings an example of a secondary battery coin-shaped non-
aqueous electrolytic solution of the present invention.

However, in Figures 1-10. there may be omitted will be denoted by the same symbols, and overlapping the same
portions.

Figure 1 is a perspective view of a wound body used in the present invention.

In Figure 1, the wound body 10 is fabricated by winding via a separator strip, and a negative electrode of the strip
shaped positive electrode and the strip.

The mixture containing the positive electrode active material, positive electrode conductive additive and Seikyoku-
yo binder or the like, the positive electrode was coated on both surfaces of the cathode current collector, a
positive electrode mixture paste was obtained by kneading sufficiently by adding the solvent can be formed by,
after drying, is controlled to a predetermined electrode density and a predetermined thickness of the positive
electrode mixture layer.

As the positive eiectrode active material, for example, lithium nickei oxide such as lithium manganese oxide,
lithium cobalt oxide LiCoOZ, etc, of LiMnZO4, etc, of the LiNi02 and the like can be used, and these, if capable
of absorbing and desorbing lithium ions but are not limited to.

Examples of the positive electrode current collector is not particularly limited as long as the electron conductor
chemically stable substantially in the fabricated battery.

The positive electrode current collector, for example, aluminum foil or the like.

Exposed collector surface that are not coated with the mixture paste on the one end of the positive electrode
current collector is provided by folding the exposed collector surface, the cathode lead 11 is formed.

Further, the collector-exposed portion, may electrode lead may also be provided at both ends of the current
collector can be provided at both ends of the current collector.

Further, instead of the positive electrode lead that is formed by folding the collector—exposed portion, it may be the
positive electrode lead by welding tabs as a separate component in one or both ends of the cathode current
collector.

To a mixture comprising active material, a negative electrode conductive auxiliary agent, a negative electrode
binder and the like, the negative electrode was coated on both surfaces of the negative electrode current
collector, a negative electrode mixture paste was obtained by kneading sufficiently by adding the solvent can be
formed by, after drying, is controlled to a predetermined electrode density and a predetermined thickness of the
negative electrode mixture layer.

As the negative electrode active material, for example, a carbon material artificial graphite such as bulk graphite
or natural graphite flake graphite and amorphous graphite and the like can be used, butIs not limited thereto as
long as capable of absorbing and desorbing lithiumions.

Examples of the negative electrode current collector is not particularly limited as long as the electron conductor
chemically stable substantially in the fabricated battery.

As the negative electrode current collector, for example, copper foil or the like.
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Exposed collector surface that are not coated with the mixture paste on one end of the anode current collector is
provided by folding the collector—exposed portion, the negative electrode lead 12 is formed.

Further, the collector~exposed portion, may be the negative electrode lead may be provided at both ends of the
current collector can be provided at both ends of the current collector

Further, in place of the negative electrode lead is formed by folding the collector—exposed portion may be a
negative electrode lead by welding tabs as a separate component in one or both ends of the anode current
collector.

In Figure 1, it is provided on the outer peripheral side of the winder 10 the cathode lead 11, is provided on the
inner peripheral side of the winder 10 and the anode lead 12, but is provided on the inner peripheral side of the
winder 10 the cathode lead 11, Also, well, may be provided on the outer peripheral side of the wound body 10,
both the anode lead 12 and the cathode lead 11 can be provided on the outer periphery of the winder 10 and
anode lead 12.

As the separator, microporous insulating thin film having a predetermined mechanical strength and ion
permeability larger are used.

Further, one obtained by closing the micropores in (100 ~ 140 °C) predetermined temperature or higher, and has
a function to increase the resistance, from the viewpoint of improving safety of the battery. '

Specifically, as the separator, were adhesively bonded particles of olefin polypropylene having hydrophobic and
organic solvent resistance, a sheet made of glass fibers or olefin polymers such as polyethylene, nonwoven or
woven fabric, porous layer and the like are used.

FIG 2 is a perspective View showing a process that is inserted into the battery can 13 of the cylindrical winder 10.

Kai—jiku the direction N and winding to be the same as the direction M height of the battery can 13, wound body
10 is inserted into the battery can 13.

The material of the. battery can 13 to be used is aluminum.

in the bottom of the battery can 13 (and not shown). Lower insulating plate

But it is disposed,

The material of the lower insulating plate is not particularly limited, and a polymer material is used polyphenylene
sulfide (PPS) and the like.

FlG 3 is a perspective View after inserting the battery can 13 and winder10, showing a process that is disposed
an upper insulating plate 14 on the winder 10.

The material of the upper insulating plate 14 may be used a material similar to the lower insulating plate.

Figure 4 is a perspective view of a state where welded to the anode lead 12 and the back portion of the negative
electrode terminal 16 that is placed on a 10 winder upper insulating plate 14, which is disposed in the central
portion of the lid 15.

The negative electrode terminal 16 and the cover 15, and is insulated by the insulating packing 17.

The material of the lid 15 to be used is aluminum or the like in the same manner as the battery can 13.

The material of the negative electrode terminal 16 to be used is nickel.

Material of the insulating packing 17 can be used polymeric materials polypropylene (PP) or the like.

Figure 5A is a perspective View of a state where joined by laser welding or the like and the lid 15 and the battery
can 13.
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SB is a cross-sectional view of line 8-8 in FIG 5A.

In Figure BB, the winder 10 is housed in a sealed container formed by the battery can 13 and the lid 15, the lower
insulating plate 19 is disposed at the bottom of the battery can 13.

However, in Figure SB, the portion of the inner peripheral side of the wound body 10 is not in section.

As described above, wound body 10 has a structure that is spirally wound with the separator 3 of the strip, and a
negative electrode 2 of the strip—Shaped positive electrode 1 and the strip.

Further, the positive electrode lead 11 is joined in a state of being sandwiched between the cover 15 and the
battery can 13.

Thus, the lid 15 and the battery can 13 functions as a positive terminal.

However. depending on the material of the battery can 13, in some cases the lid 15 and the battery can 13
become negative.

Finally, the injection port 18, and an electrolyte was poured, and (not shown). Sealing cover the injection port 18

Secondary battery coin—shaped non—aqueous electrolyte is completed if sealed by mouth.

For example, the electrolyte solution, vinylene carbonate (VC), propylene carbonate (PC), ethylene carbonate
(EC), butylene carbonate (BC), dimethyl carbonate (DMC), diethyl carbonate (DEC), methyl ethyl carbonate
(MEC), in a mixed solvent of one or two or more organic solvent of y-butyrolactone, for example, is using an
electrolytic solution obtained by dissolving a lithium salt of at least one selected from LiCIO4, LiPFG, LiBF4,
LiAsF6, LiSbFB, LiCF3SO3 etc. Bayoi.

Concentration of Li ions in the electrolytic solution, 0.

it may be set to 5 ~ 1.5mol / L.

Figure 6 is a schematic diagram of the winder 10.

In Figure 6, it is not shown in the positive and negative electrode leads,

Outer diameter D of the winder 10 and (mm), the ratio D/ H of the (mm) H height direction of the winding axis
wound body 10 is set to 1 to 25.

The ratio R /A effective reaction area R in which the area A of the upper surface portion of the winder 10 and
(mm2), and the positive electrode and the negative electrode are opposed to each other and (mm2), is set to 9—
25,

Figure 7 is a schematic diagram of the positive electrode for describing the parameters of the present invention.

in Figure 7, on both sides of the cathode current collector 21 of the positive electrode 20 of the strip, and a
second positive electrode active material layer 23 and the first positive electrode active material layer 22, is
formed shorter than the first positive electrode active material layer 22 is formed have been.

end ofthe cathode current collector 21 of the positive electrode active material layer is not formed is formed onthe cathode lead 24 is bent,

Assuming thatW (mm) is the width J (mm), the cathode current collector 21 L (mm), the length of the second
positive electrode active material layer 23 and the length of the first positive electrode active material layer 22,
effective reaction area R (mmZ) becomes R = (L + J) x W.

Further, assuming that n is the number (mm2), the positive electrode lead B the cross—sectional area of the
positive electrode 20 including 22 21 positive electrode current collector, the first positive electrode active material
layer, a second electrode active material layer 23, the ratio L thereof / 2000-8000 is preferable that the (B X n).
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Figure 8 is a cross-sectional View of line H in FIG.

Further, Figure 9 is a cross-sectional view of line ll—ll of FIG.

Here, assuming that (mm2) S the cross—sectional area n, the positive electrode current collector 21 the number
(mm2), the positive electrode lead C cross-sectional area of the cathode lead 24, the ratio thereof (C x n) I S 1 be
at or more.

FIG 10 is a perspective view showing another embodiment of the positive lead of FIG.

In Figure 10, to form a cathode lead 25 by welding a tab on the end of the cathode current collector 21.

Be in the form of Figure 10, the ratio L / (B X n) referred to above, the preferred range of the ratio (C X n) / S are
the same.

Hereinafter, the present invention will be described with reference to Examples, but the present invention is not
intended to be limited to the following examples.

(Example 1) LiCoOZ positive electrode active material is a <Production of Positive Electrode>: 80 parts by weight
of acetylene black as a conductive auxiliary agent: 10 parts by weight of polyvinylidene fluoride as a binder
(PVDF): in 5 parts by weight, N—methyl-2 — in addition as a soivent pyrrolidone (NMP), to prepare a positive
electrode mixture-containing paste is mixed until uniform.

To both sides of an aluminum foil with 20pm in thickness as the positive electrode current collector, the active
material coating length 1221mm, the back side is applied in a 1155mm active material coating length on the front
side, the positive electrode mixture-containing paste, dry.

Then, by performing the calender process to adjust the thickness of the electrode total thickness so as to 134pm,
and is cut so that the width of 3.0mm, thereby preparing a positive electrode of the strip.

At both ends of the positive electrode of the strip was made, the active material uncoated portion is formed.

Here, the surface of the positive electrode current collector refers to the outer peripheral side of the case of
forming a wound body, and the back side, a negative electrode refers to the inner peripheral side of the case of
forming a wound body, will be described later The same applies to the current collector.

Graphite negative-electrode active material <Preparation of Negative Electrode>z 90 parts by weight, PVDF as
the binder: and the 5 parts by weight, by adding a solvent NMP, and prepare a negative electrode mixture—
containing paste is mixed to form a uniform were.

To both sides of a copper foil with 12pm in thickness as a negative electrode current collector, the active material
coating length 1207mm, the back side is applied in 3 1207mm active material coating length on the front side, the
negative electrode mixture-containing paste, dry.

Then, by performing the calender process to adjust the thickness of the electrode total thickness so as to 142pm»,
and is cut so that the width of 3.5mm, thereby preparing a negative electrode of the strip.

At both ends of the negative electrode strip was prepared, the active material uncoated portion is formed.

Between the positive and negative electrode of the strip was made as described above <Preparation of the wound
body>, by winding by placing 20pm in thickness, a separator made of a microporous polyethylene film of width
4.3mm, l was making a winder.

Wound body was formed so as to face the negative electrode active material coating portion all of the positive
electrode active material coating portion on both sides of the positive electrode.

Then removed from the folded end portion of the outer peripheral side of the wound body, the aluminum foil of the

active material uncoated portion of the positive electrode, to form a single electrode lead.
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Further, the taken out from the folded end portion (center side) inner peripheral side of the wound body, a copper
tail of the active material uncoated portion of the negative electrode, to form a single anode lead.

The outer diameter D of the winding body, which was manufactured height, H 23.5mm, the winder is 6 3.7mm, the
ratio D/ H thereof.

Was 4.

In addition, 398mm2, effective reaction area R is 7128mm2, 17 the ratio R / A These area A of the upper surface
portion of the winder.

Was 9.

Mixed solvent (EC) and diethyl carbonate (DEC) <Preparation of electrolyte> ethylene carbonate (EC: mixing
volume ratio of DEC 1:2) preparing an electrolytic solution was 1.2mol / L LiPF6 dissolved in were.

The battery can of aluminum outer diameter 24mm <manufacture of battew>, 5.0mm height, 0,25mm thickness
aspect, of 0.3mm thick bottom, the lid of the aluminum diameter 24mm, thickness of 0.4mm was prepared.

The center of the lid,'the negative electrode terminal made of nickel having a diameter of 6mm is fitted through a
packing made of polypropylene.

Then, the bottom of the battery can, and placed the lower insulating plate made of PPS of 0.05mm thick, the
direction of the winding axis winder becomes the same as the height direction of the battery can, the l was
inserted into the battery can the winder.

Then, after placing an upper insulating plate made of PPS of 0,05mm thickness on top of the wound body was
welded to the back side of the negative electrode terminal and the negative lead.

Were then joined by laser welding a lid and the battery can while sandwiched between the lid and the battery can
and the positive electrode lead.

Finally, after which it is poured in the electrolyte solution from the injection port with a diameter of 1.5mm provided
in the cap and impregnated sufficiently electrolyte solution to the electrode body, and the laser is inserted into the
injection port sealing pin by sealing by welding, cell volume secondary battery was produced coin—type lithium ion
2.3cm3.

(Example 2) except that 165me total thickness surface 678mm, rear side 824mm, calendar treatment, and was
2.0mm width 25pm, the active material coated length the thickness of the positive electrode current collector
<Preparation of Positive Electrode> and thereby producing a positive electrode in the same manner as in
Example 1.

Except that the 177um total thickness surface 667mm, rear side 667mm, calendar treatment, and was 2.5mm
width 20pm, the active material coated length the thickness of the negative electrode current collector
<Preparation of Negative Electrode>, Example 1 thereby producing a negative electrode in the same manner as.

Was used instead of the negative electrode and the positive electrode, and a 3.3mm width of the separator, using
the battery can outer diameter 20mm, the 4.0mm height, in the same manner as in Example 1, a battery volume
of 1.3cm3 | secondary battery was produced in coin—shaped non—aqueous electrolyte solution.

The outer diameter D of the winding body of the present embodiment, H height 19.5mm, the winder is 7 2.7mm,the ratio D/ H thereof.

WasQ.

In addition, 269mm2, effective reaction area R is 2604mm2, 9 the ratio R/A These area A of the upper surface
portion of the winder.

Was 7.
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(Example 3) except that the 115er total thickness surface 3146mm, back side 3047mm, calendar treatment, and
the 3.5mm width of the active material coating length <Preparation of Positive Electrode>, the cathode in the
same manner as in Example 1 l was prepared.

Except that the 122pm total thickness surface 3121mm, back side 3121mm, the calender treatment, to obtain a
4.0mm width of the active material coating length <Preparatlon of Negative Electrode>, in the same manner as in

Example 1 to prepare a negative electrode.

Was used instead of the negative electrode and the positive electrode, and a 4.8mm width of the separator, using
the battery can outer diameter35mm, the 5.5mm height, in the same manner as in Example 1, a battery volume
of 5.3cm3 | secondaw battery was produced in coin-shaped non-aqueous electrolyte solution.

The outer diameter D of the winding body of the present embodiment, H height 34.5mm, the winder is 8 4.2mm,
the ratio D/ H thereof. ‘

Was 2.

in addition, 881mm2, effective reaction area R is 21676mm2, 24 the ratio R l A These area A of the upper surface
portion of the winder.

Was 6.

(Comparative Example 1) except for using 89pm total thickness surface 1750mm, back side 1685mm, the
calender treatment after the active material coating length <Preparation of Positive Electrode>, and a positive
electrode was prepared in the same manner as in Example 1.

Except for using 91pm total thickness surface 1735mm, back side i735mm, the calender treatment after the
active material coating length <Preparation of Negative Electrode>, to produce a negative electrode in the same
manner as in Example 1.

But using the negative electrode and the positive electrode, in the same manner as in Example 1, cell volume
secondary battery was manufactured coin—type non—aq ueous electrolyte solution of 2.3cm3,

The outer diameter D of the winding body of the present Comparative Example. H height 23.5mm, the winder is 6
3.7mm, the ratio D / H thereof.

Was 4.

ln addition, 398mm2, effective reaction area R is 10305mm2, 25 the ratio R/A These area A of the upper surface
portion of the winder.

Was 9.

(Comparative Example 2) except that 185pm total thickness surface 603mm, rear side 548mm, calendar
treatment, and was 2.0mm width 25pm, the active material coated length the thickness of the positive electrode
current collector <F’reparation of Positive Electrode> and thereby producing a positive electrode in the same
manner as in Example 1.

Except that the 203pm total thickness surface 592mm, rear side 592mm, calendar treatment, and was 2.5mm
width 20pm, the active material coated length the thickness of the negative electrode current collector
<Preparation of Negative Electrode>, Example 1 thereby producing a negative electrode in the same manner as.

Was used instead of the negative electrode and the positive electrode, and a 3.3mm width of the separator, using
the battery can outer diameter 20mm, the 4.0mm height, in the same manner as in Example 1, a battery volume
of 1.30mi? l secondary battery was produced in coin—shaped non«aqueous electrolyte solution.

The outer diameter D of the winding body of the present Comparative Example, H helght19.5mm, the winder is 7
2.7mm, the ratio D / H thereof.

Was 2‘
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In addition, 269mm2, effective reaction area R is 2302mm2, 8 the ratio R/A These area A of the upper surface
. portion of the winder.

Was 6.

Are shown in Table 1 and Table 2 the size of the positive and negative electrodes 1 and 2 and Comparative
Examples Examples 1 to 3.

I also shown in Table 3 and Table 4 winder battery parameters and parameters of Comparative Examples 1 and 2
and Examples 1 to 3.

For each battery of Comparative Examples 1 and 2 and 1-3 Example <Evaluation of battery characteristics>, 0.

4 20.

3V to perform the constant current charging, then the current value is 0.

Was subjected to constant voltage charging until the 020.

Then, 0.

3 20.

| asked (a) initial capacity 0V to perform the constant current discharge.

The "C" means the currentvalue when it is discharged in one hour design capacity of the battery.

Subsequently, to 0 each battery.

4 20

3V to perform the constant current charging, then the current value is 0.

Was subjected to constant voltage charging until the 020.

Then, 3 ZC.

| asked (b) heavy load capacity 0V to perform the constant current discharge.

is determined from the following equation capacity retention ratio Z (%) From the above results, it was evaluated
as the discharge load characteristics.

Z = (b / a) x 100

l are shown in Table 5 along with the parameters R IA parameters and D / H, and the battery characteristics.

i went to then charge—discharge cycle test <evaluation cycle characteristics>.

For each battery, charging O.

4 50.

3V to perform the constant current charging, then the current value is 0.

Was subjected to constant voltage charging until the 020.

Discharge, 3 1C.
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l was subjected to constant current discharge to 0V.

| repeated up to 200 cycles of charge and discharge this.

Next, the visually observed appearance of the battery, it was confirmed whether or not the deformation of the
battery.

I are shown in Table 5.

From Table 5, Examples 1 to 3 in the range of 9-25 parameters R/A and that (heavy load characteristics) high
capacity retention ratio 2 as compared with Comparative Examples 1 and 2 is in the range understand.

Further, there was no any deformation of the battery can be repeated 200 times to charge and discharge in the
batteries of Comparative Examples 1 and 2 and Examples 1 to 3.

As described above, the present invention can provide a secondary battery coin—shaped non—aqueous electrolyte
solution discharge load characteristics is high, no deformation of the battery due to charging and discharging.

Not only the power ofthe wearable device for secondary battery coin—shaped non-aqueous electrolyte solution.
can be widely used as power sources for various equipment.

It is a perspective view of the wound body used in the present invention.

Is a perspective view showing a step of being inserted into a battery can of a cylindrical winder.

is a perspective view after it is inserted into the battery can winder, showing the steps that are disposed an upper
insulating plate on a winder.

is a perspective view of a state where welded to the anode lead and the back portion of the negative terminal is
placed on the wound body and insulating plate, which is disposed in the central portion of the lid.

5A is a perspective view of a statejoined by laser welding or the like and the lid and battery can, FIG 5B is a
cross-sectional view of line 8-8 in FlG 5A.

And is a schematic diagram of the winder.

is a schematic diagram of the positive electrode for describing the parameters of the present invention.

is a cross-sectional view of line H in HQ

is a cross—sectional view of line ll-ll of FIG.

Is a perspective view showing another embodiment of the positive lead of HS.

18 injection port 19 lower insulating plate 20 positive electrode 21 positive electrode current collector 22 first
positive electrode 17 insulating packing the positive electrode 1 2 3 negative electrode separator 10 winder 11
positive electrode lead 12 negative electrode lead 13 battery can 14 upper insulating plate 15 cover the negative
electrode terminal 16 active material layer 23 second positive electrode active material layer 24 cathode lead 25
positive lead ‘
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ll. CLAIMS JP 2008-262825

A secondary battery coin-shaped non—aqueous electrolyte solution comprising a positive electrode of the strip,
and the strip-shaped negative electrode, a separator strip, the battery can of the coin,

The positive electrode and the negative electrode, to constitute a wound body of the cylindrically wound through
the separator.

Direction winding axis of the wound body is is the same as the direction of the height of the battery can,

Outer diameter D of the Kai-tai and (mm), the ratio D/ H of the (mm) H heightdirectton winding axis of the
winding wound body, wherein the t to 25‘

The ratio R lAeffective reaction area R in which the area A of the upper surface portion of the Kai-tai and (mm2),
the positive electrode and the negative electrode winding the faces and (mm2) is a feature that is 9—25 secondary
battery coin non-aqueous electrolyte solution to be.

(2).

The ratio D / H is 1.

Secondary battery coin non—aqueous electrolyte solution according to claim 1 is 5 to 23.

(3).

The volume of the secondary battery of the coin-shaped non—aqueous electrolyte secondary battery coin—shaped
non-aqueous electrolyte solution according to claim 1, wherein at least 1cm3‘7cm3 less.

(4)-

Outer diameter of the battery can, two battery coin non—aqueous electrolyte solution according to claim 1, wherein
at least 20mm 50mm or less

(5).

The negative electrode and the positive electrode. a secondary battery coin—shaped non-aqueous electrolyte
solution according to claim 1 which is capable of absorbing and desorbing lithium ions.
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(57) Abstract:

PROBLEM TO BE SOLVED: To provide a coin-shaped
nonaqueous electrolytic solution secondary battery high
in discharge load characteristics and free of
deformation of the battery accompanied with charge and
discharge. -

SOLUTION: As for the coin-shaped nonaqueous
electrolytic solution secondary battery, a cylindrical
wound—around body 10 is constituted by means that a belt
form positive electrode 1 and a belt form negative
electrode 2 are wounded via a belt form separator 3, a
wound-around shaft direction of the wound-around body
10 is the same as the height directionof a battery can
13, the ratio D/H between the outer diameter D (mm) of
the wound body 10 and the height H (mm) of the
wound—around shaft direction of the wound body 10 is

1—25, and the ratio R/A between the area A (mmz) of
the upper face part of the wound body 10 and the

reaction effective area R (mmz) where the positive
electrode 1 and the negative electrode 2 are opposed is
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(54) Core member for a cylindrical lithium secondary battery

(57) The invention is directed to a cylindrical lithium
secondary battery (200) comprising:
an electrode assembly (300) which has a first electrode
plate (310), a second electrode plate (320), and a sepa-
rator (330) provided between the first electrode plate
(310) and the second electrode plate (320), and has a
central space at the center of winding;
acore member(800, 900)which isformedin atube shape
having a cut-groove (810, 910) along a longitudinal di-
rection, and includes at least one notch (830, 930) formed
in a longitudinal direction at an inner lateral surface of
the tube shape;
a case (400) which has a space for containing the elec-
trode assembly (300) and including an open portion; and
a cap assembly (500) which is connected to the open
portion of the case (400) so as to seal the case (400).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] Aspects of the present invention relate to a cy-
lindrical lithium ion secondary battery, and more partic-
ularly, to a cylindrical lithium ion secondary battery having
an improved stability with respect to external pressure.

2. Description of the Related Art

[0002] In general, a cylindrical lithium ion secondary
battery includes an electrode assembly that is wound
substantially in the form of a cylinder, a cylindrical can
that is connected to the electrode assembly, an electro-
lytic solution that is infused inside the can to allow lithium
ions to move, and a cap assembly that is connected to
one side of the can and prevents the electrolytic solution
from leaking and prevents the electrode assembly from
separating.
[0003] The cylindrical lithium ion secondary battery
typically has a capacity of approximately 2000 to
2400mA, and thus is mainly used in electronic devices
requiring high power such as notebook PCs, digital cam-
eras, or camcorders. For example, a required number of
cylindrical lithium ion secondary batteries may be con—
nected in series or parallel, may include a protection cir—
cuit, and may be assembled in a specific shape in a hard
pack to be used as a power source connected to an elec—
tronic device.

[0004] The cylindrical lithium ion secondary battery is
manufactured by the following method.
[0005] First, a negative electrode plate that includes
an active material and a positive electrode plate that in—
cludes a separator and the active material are laminated
together. One end thereof is then connected to a pole—
shaped wind-axis, and is then wound in a substantial
cylindrical shape, thereby forming an electrode assem—
bly. Thereafter, the electrode assembly is inserted into a
cylindrical can, an electrolytic solution is then infused
therein, and a cap assembly is welded at an upper portion
of the cylindrical can, thereby forming a lithium ion sec—
ondary battew having a substantial cylindrical shape.
[0006] Recently, acore member100 having a substan—
tial pole shape as shown in FIG. 1 has been inserted in
the center of the electrode assembly, so that the elec—
trode assembly is not deformed when the cylindrical lith—
ium ion secondary battery is charged or discharged. The
core member 100 is generally formed by winding a ma—
terial that initially has a form of a plate, so that a tube
shape having a circularcross—section is formed. A portion
thereof is out along a longitudinal direction.
[0007] However, in the cylindrical lithium ion second—
ary battery above, the core member 100 may move due
to an external impact such as a drop. The movement of
the core member 100 may affect the cap assembly lo—
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cated at an upper portion of the core member 100. In
particular, when the core member 100 collides with a
safety belt of the cap assembly, the safety belt may be
inverted or damaged. lfthe safety belt is inverted or dam-
aged, it may severely affect a safety of a lithium second-
ary battery.
[0008] Further, when the core member 100 rotates, a
lower end ofthe electrode assembly may come in contact
with the core member 100, and thus a short may occur
at the lower end of the electrode assembly.
[0009] Furthermore, when the core member 100 is de-
formed or damaged, the separator of the electrode as-
sembly may be damaged, and the damage to the sepa-
rator may lead to a short between the positive electrode
plate and the negative electrode plate, which may pro-
duce even greater damage or an explosion of the cylin-
drical lithium ion secondary battery. In particular, when
external pressure is applied, the core member 100 may
be deformed in a specific direction at a point where the
external pressure is concentrated. The electrode assem-
bly receives the pressure in the specific direction, thereby
producing a short between the electrode plates.

SUMMARY OF THE INVENTION

[0010] Aspects of the present invention provide a cy-
lindrical lithium ion secondary battery having an improved
safety with respect to an external pressure.
[0011] Accordingto the present invention, a core mem-
ber insertable into a central space of an electrode as-
sembly of a cylindrical lithium secondary battery has a
tubular shape, has a cut-groove along a longitudinal di-
rection, and includes at least one notch formed in a lon-

gitudinal direction at an inner lateral surface of the core
member. More precisely, the cylindrical lithium second-
ary battery comprising:

an electrode assembly which has a first electrode
plate, a second electrode plate, and a separator pro-
vided between the first electrode plate and the sec-
ond electrode plate, and

has a central space at the center of winding;

a core memberwhich is formed in atube shape hav-
ing a cut—groove along a longitudinal direction, and
includes at least one notch formed in a longitudinal
direction atan innerlateralsurface ofthetube shape;

acase which hasaspace forcontainingthe electrode
assembly and including an open portion; and

a cap assembly which is connected to an open por-
tion of the case so as to seal the case.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and/or other aspects and advantages of
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the invention will become apparent and more readily ap-
preciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

=IG. 1 is a perspective view of a conventional core
member;

FIG. 2A is a perspective view of a cylindrical lithium
secondary battery;

FIG. 2B is a cross-sectional view along the A-A line
of FIG. 2A;

FIG. 20 is a cross-sectional view along the 8-8 line
of FIG. 2A;

FIG. 3A is a vertical cross-sectional view illustrating
a cylindrical lithium secondary battery according to
he present invention;

FIG. 3B is a horizontal cross-sectional view illustrat-

ing a cylindrical lithium secondary battery according
o the embodiment of FIG. 5A; and

FIGS. 4A and 4B are perspective views illustrating
core members of a cylindrical lithium secondary bat-
ery according to the present invention.

 
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] Reference will now be made in detail to the
presentembodiments ofthe presentinvention, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals referto the like elements

throughout. The embodiments are described below in
orderto explain the present invention by referring to the
figures.
[0014] FIG. 2A is a perspective view of a cylindrical
lithium secondary battery. FIG. 2B is a cross—sectional
view along the A—A line of FIG. 2A. FIG. 2C is a cross—
sectional view along the 8-8 line of FIG. 2A.
[0015] Referring to FIGS. 2A to 2G, a cylindrical lithium
ion secondary battery 200 includes an electrode assem—
bly 300 which generates avoltage difference atcharging/
discharging time, a cylindrical case 400 which contains
the electrode assembly 300, a cap assembly 500 which
is assembled at an upper portion of the cylindrical case
400 and prevents the electrode assembly 300 from sep—
aration, and a core member 600 which is located at a
central space of the electrode assembly 300.
[0016] The electrode assembly 300 includes a positive
(or negative) active material, such as, for example, afirst
electrode plate 310 coated with the positive active ma?
terial, and a negative (or positive) active material, such
as, for example, a second electrode plate 320 coated
with the negative active material. In addition, a separator
330 is located between the first electrode plate 310 and
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the second electrode plate 320. The separator 330 pre-
vents the first and second electrode plates 310 and 320
from shorting and allows only lithium ions to move. Fur-
ther, the first electrode plate 310, the second electrode
plate 320, and the separator 330 are wound in a spiral
shape, have a specific space at the center of winding,
and are contained in the cylindrical case 400. The first
electrode plate 310 is generally made of aluminum (Al),
andis bonded with afirstelectrodetab315that protrudes
upwards in a specific length. The second electrode plate
320 is generally made of nickel (Ni), and is bonded with
a second electrode tab 325 that protrudes downwards in
a specific length. However, the present invention is not
limited thereto. Moreover, upper and lower isolating
plates 341 and 345 are further included at upper and
lower portions of the electrode assembly 300, respec-
tively, in order to avoid a direct contact with a cap as-
sembly 500 or the cylindrical case 400.
[0017] In the cylindrical case 400, a cylindrical surface
410 defines a specific space with a specific diameter. A
bottom surface 420 is formed at a lower portion of the
cylindrical surface 410 to block a lower space ofthe cy-
lindrical surface 410, and an upper portion of the cylin-
drical surface 410 is open so that the electrode assembly
300 can be inserted. Eitherthe first electrode tab 315 of

the electrode plate 310 or the second electrode tab 325
of the second electrode plate 320 is bonded at the center
of the bottom surface 420 of the cylindrical case 400, and
thus, the cylindrical case 400 itself functions as an ex-
tension of the first electrode plate 310 or second elec-
trode plate 320. For example, the second electrode tab
325 may be bonded at the center of the bottom surface
420 of the cylindrical case 400 so thatthe cylindrical case
functions as part ofthe negative electrode. Thecylindrical
case 400 is generally made of aluminum (AI), steel (Fe),
or an alloy of Al and Fe. Further, in the upper portion of
the cylindrical case 400, a crimping portion 430 is curved
in one direction so as to press the cap assembly 500,
and a beading portion 440 is concaved inwards to press
the cap assembly 500 from bottom to top.
[0018] The cap assembly 500 includes a conductive
safety belt 510 which is welded to the first electrode tab
315 and which is inverted in the case of over-charging
or abnormal heating, a printed circuit board (PCB) 520
which is electrically or mechanically connected to an up-
per portion of the safety belt 51 O and cuts a circuit when
the safety belt 510 is inverted, a positive temperature
element 530 which is electrically and mechanically con-
nected to an upper portion of the PCB 520 and cuts a
circuit at a specific temperature and a higher tempera-
ture, a conductive electrode cap 540 which is electrically
and mechanically connected to an upper portion of the
positive temperature element 530 and applies a practical
current to an external side, and a gasket 550 which ens
closes lateral circumferences of the safety belt 510, the
PCB 520, the positive temperature element 530. and the
electrode cap 540, to isolate them from the cylindrical
case 400. Here, the electrode cap 540 may be bonded
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to eitherthe first electrode 315 ofthe electrode assembly
300 orthe second electrode tab 325 thereof. For exam-

ple, the electrode cap 540 may be bonded to the first
electrode tab 315 and may function as part of the same
electrode along with the first electrode plate 310, which
may be, for example, the positive electrode.
[0019] The core member 600 is inserted into the center
portion of the wound type electrode assembly 300. The
core member 600 prevents the wound type electrode as-
sembly 300 from releasing and loosening, and also pre-
vents the wound type electrode assembly 300 from de-
forming due to external pressure.
[0020] The core member 600 is formed by winding a
metal plate into a substantially tubular shape. Further, a
cut-groove, gap, or slit opening 630 is formed along a
longitudinal direction of the core member 600. Both lat-
eral ends of the cut-groove 630 of the core member 600
are bent toface inwards, andthe both lateral endsthereof
are bent again so that the edges thereof face outwards
with respect to the core member 600.
[0021] Preferably, but not necessarily, diameters ofthe
core member 600 are smaller at the first and secondtube

end portions than at the center portion. In other words,
the core member 600 may be tapered at the first tube
end and the second tube end.

[0022] Although not shown, an electrolytic solution is
infused into the cylindrical case 400 so that a lithium ion
can move between the electrodes. The electrolytic solu—
tion functions as a medium for moving lithium (Li) ions
generated by an electrochemical reaction that occurs in
positive and negative electrode inside a battery during
charging/discharging. The electrolytic solution may be a
non-aqueous type organic electrolytic solution which is
a mixture of a lithium salt and an organic solvent with
high purity. Further, the electrolytic solution may be a
polymer using a polymer electrolyte, but the type of the
electrolytic solution material is not limited thereto.
[0023] FIG. 3A is a vertical cross-sectional view illus—
trating a cylindrical lithium secondary battery according
to another embodiment ofthe present invention. FIG. BB
is a horizontal cross—sectional view illustrating a cylindri—
cal Iithium secondary battery according to this embodi—
ment of the present invention.
[0024] Overall structures of the cylindrical lithium sec—
ondary battery illustrated in FIGS. 3A to 35 are similar
to those of the cylindrical lithium secondary battery illus—
trated in FIGS. 2A to 20.

[0025] The only difference can be seen in the structure
of a core member. The core member 800 is inserted into

a central space of the wound type electrode assembly
300, prevents the wound type electrode assembly 300
from releasing and loosening, and also prevents the
wound type electrode assembly 300 from deforming due
to an external pressure. The core member 800 has a
substantially tubular shape. A cut-groove 810 is formed
along a longitudinal direction of the core member 800.
The cut—groove 810 is bonded when the core member
800 is joined with the electrode assembly 300. In some

10

15

20

25

30

35

40

45

50

55

cases, the cut-groove 810 may be separated to maintain
a specific distance.
[0026] Further, the core member 800 includes a pro-
trusion 820 that protrudes by a specific length at a lower
portion of the core member 800, that is, at the tube end
portion of the core member 800 that faces the bottom or
closed end of the case, and at least one notch 830 is
formed at an inner lateral surface of thetube shaped core
member 800 along a longitudinal direction of the core
member 800.

[0027] In addition, the height of the core member 800
is 90 to 110% of the height of the electrode assembly
300 when a tube end portion of the core member 800 is
located on the second electrode tab 325. Ifthe height of
the core member 800 is equal to or less than 90% of the
height of the electrode assembly 300, the core member
800 lacks sufficient strength forfixing and supporting the
electrode assembly 300. In addition, if the height of the
core member 800 is equal to or greater than 110% of the
height of the electrode assembly 300, the core member
600 may come into contact with an element of the cap
assembly 500, thereby creating problems.
[0028] Although not shown, an electrolytic solution is
infused into the cylindrical case 400 so that lithium ions
can move between the electrodes. The electrolytic solu-
tion functions as a medium for moving lithium (Li) ions
generated by an electrochemical reaction that occurs in
positive and negative electrodes inside a battery during
charging/discharging. The electrolytic solution may be a
non-aqueous type organic electrolytic solution which is
a mixture of a lithium salt and an organic solvent with
high purity. Further, the electrolytic solution may be a
polymer using a polymer electrolyte, but the type of the
electrolytic solution material is not limited thereto.
[0029] FIGS. 4A and 4B are perspective views illus-
trating core members of a cylindrical lithium secondary
battery according to additional embodiments of the
present invention.
[0030] Referring to FIGS. 4A and 48, core members
800 and 900 of the cylindrical lithium secondary battery
200 have a substantially tubular shape, and cut-grooves
810 and 910 are formed along longitudinal directions of
the core members 800 and 900. As used herein, the term
”cut-groove" refers to any longitudinal gap in the wound
core members 800 and 900. The cut-groove may be
formed by cutting the core member after it has been
formed into atubular shape, or may be formed by cutting
the plate from which the core member is formed so that
when the core member is formed, the plate material does
not extend in an entire circumference.

[0031] The core members 800 and 900 each include
a protrusion 820 and 920 that protrudes by a specific
length from the lower portion, of the core member 800 or
900. The core members 800 and 900 each have atubular

shape in which diameters at edges of upper and lower
portions of the core members 800 and 900 are smaller
than diameters at center portions thereof. This prevents
lower portions of elements of the electrode assembly
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300, forexample, thefirstelectrode plate31 O, the second
electrode plate 320, and the separator 330, from being
damaged by the cut-grooves 810 and 91 0, when the core
member 800 and 900 rotate due to an external pressure.
[0032] Further, one or more notches 830 and 930 are
formed at an inner lateral surface ofthe tube-shaped core
members 800 and 900 along a longitudinal direction of
the core members 800 and 900. Through the notches
830 and 930, a deformation direction of the core mem-
bers 800 and 900 can be predetermined, so that when
an external pressure equal to or greater than a specific
pressure is applied, the core members 800 and 900 can
be deformed in a predetermined direction, and thus a
short 01 the electrode assembly 300 can be prevented
which may otherwise occurwhen the core members 800
and 900 are deformed.

[0033] The notches 830 and 930 formed at the inner
lateral surface of the core members 800 and 900 may be
disposed in various forms.
[0034] For example, as shown in FIG. 4A, in an inner
lateral surface of the core member 800, the core member
800 may include a pair of notches 830 formed along a
longitudinal direction of the core member 800. Here, the
notches 830 may be located in a symmetrical manner on
left and right sides of the cut-groove 810, and may be
located on a circumference with an angle of 45° from left
and right sides of the cut-groove 810. In other words, the
notches 830 may be located at the left and right sides of
the cut—groove 810 at the same distance from the cut—
groove.

[0035] As shown in FIG. 4B, the core memberQOO may
include four notches 930 formed along a longitudinal di-
rection ofthe core memberQOO at an inner lateral surface

of the core member 900. The four notches 930 may be
respectively located in pairs at left and right sides with
respect to the cut—groove 910 in a symmetrical manner,
and may be located on the circumference of the core
member at 45°, 135°, 225°, and 315° with respect to the
cut-groove 910. In other words, in the four notches 930
formed on the inner lateral circumferential surface of the

core member 800, imaginary lines connecting each ad—
jacent notch may form a trapezoid. In particular, the four
notches 930 formed on the circumference of the core

member 900 may be located so that the imaginaw lines
connecting each adjacent notch form a square.
[0036] As described above, the cylindrical lithium sec—
ondary battery 200 according to the present invention
includes the protrusions 820 and 920 at lower portions
of the core members 800 and 900 and the notches 830

and 930 formed in a longitudinal direction at the inner
lateral surface ofthe core members 800 and 900, thereby
improving the stability ofthe cylindrical lithium secondary
battery 200.
[0037] In particular, the protrusions 820 and 920
formed at the lower portions of the core members 800
and 900 may prevent damage to the lower portion of the
electrode assembly 300 when the core members 800
and 900 rotate.
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[0038] Further, when an external pressure equal to or
greater than a specific pressure is applied to the core
members 800 and 900, the notches 830 and 930 may
allow forthe core members 800 and 900 to be deformed

to a spiral shape in a central direction thereof. Thus, a
short of the electrode assembly caused by deformation
of the core members 800 and 900 can be prevented.
[0039] Accordingly, the present invention provides a
cylindrical lithium secondary battery having improved
stability with respect to an external pressure.

Claims

1. A cylindrical lithium secondary battery (200) com-
prising:

an electrode assembly (300) which has a first
electrode plate (310), a second electrode plate
(320), and a separator (330) provided between
the first electrode plate (310) and the second
electrode plate (320), and has a central space
at the center of winding;
a core member (800, 900) which is formed in a
tube shape having acut-groove (81 0, 910) along
a longitudinal direction, and includes at least one
notch (830, 930) formed in a longitudinal direc-
tion at an inner lateral surface ofthetube shape;
a case (400) which has a space for containing
the electrode assembly (300) and including an
open portion; and
a cap assembly (500) which is connected to the
open portion of the case (400) so as to seal the
case (400).

2. The cylindrical lithium secondary battery of claim 1,
wherein the at least one notch (830, 930) allows the
core member (800, 900) to deform in a predeter-
mined direction when an external pressure is applied
to the case (400).

3. The cylindrical lithium secondary battery according
to claim 1,
wherein the core member (900) comprises four
notches (930) on a circumference, and wherein im-
aginary lines connecting adjacent notches (930) to-
gether form a trapezoid.

4. The cylindrical lithium secondary battery according
to claim 3,
wherein, inthefournotches (930)formed on an inner
lateral circumferential surface of the core member

(900), the imaginary lines connecting adjacent
notches (930) form a square.

5. The cylindrical lithium secondary battery according
to claim 1,
wherein the core member (830, 930) further com-
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prises a protrusion (B20, 920) which is protruded
from a lower portion by a specific length.

The cylindrical lithium secondary battery according
to claim 1, 5
wherein diameters at upper and lower portions of the
core member (830, 930) are smallerthan a diameter
at a center portion.
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FIG. 2A
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FIG. 2B
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FIG. 3B
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FIG. 4A
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Unit : Customer No.: 035811
Examiner :

Serial No. : 13/146,669

Filed : July 28, 2011

Inventors : Eduard Pytlik Docket No.: RUF—11-1270
: Jfirgen Lindner
: Ulrich Barenthin Confirmation No.: 6273

2 Winfried Gaugler
Title : BUTTON CELLS AND METHOD

: FOR PRODUCING SAME Dated: January 29, 2014

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Sir:

The Applicants enclose Form PTO-1449 which lists two (2) relevant non—US

publications. The documents were first cited by a third party on November 29, 2013 in the

corresponding German Application No. 10 2009 060 788.9. The publications are submitted

under 37 CFR §1.56 and is believed related to this application for the reasons stated.

The Applicants certify that each item of information contained in the Supplemental

Information Disclosure Statement was first cited in any communication from any foreign patent

office in a counterpart foreign application not more than three months ago.

The Applicants respectfully request that this Supplemental Information Disclosure

Statement be officially entered into the file and that appropriate notification be made that it was

considered by the Examiner.

 
submitted,

T. Danijl Christenbury
Reg. No. 31,750

TDC/nn

(215) 656—3381

EAS'1\69059064.1
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Address: COMMISSIONER FOR PATENTS

P.O Box 1450
Alexandna, Virgmia 22313-1450
www.uspto gov
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ONE LIBERTY PLACE ANTHONY. JULIAN

1650 MARKET 31', SUITE 4900

PHILADELPHIA, PA 19103 PAPER NUMBER1726

NOTIFICATION DATE DELIVERY MODE

03/27/2014 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated ”Notification Date" to the

following e-mail address('es):

pto.phil @ dlapiper.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

 13/146,669 PYTLIK ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventorto File)

JULIAN ANTHONY 1726 SN‘gtus 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE §MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a) In no event, however may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received bythe Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)|:I Responsive to communication(s) filed on

El A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2a)|:l This action is FINAL. 2b). This action is non-final.

3)I:I An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)|:| Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under EX parte Quayle, 1935 CD. 11, 453 QC. 213.

Disposition of Claims*

5)XI Claim(s)fl1is/are pending in the application.

5a) Of the above Claim(s)_ is/are withdrawn from consideration.

6 |:l Claim s)_ is/are allowed.

3 M is/are rejected.

is/are objected to.

9)|:| Claim(s are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

I

)—

I
 

participating intellectual property office for the corresponding application. For more information, please see

hit ://www.usoto.c.=ov/ atents/init events/J E‘s/indexjs , or send an inquiry to PPl-lfeedbackfflusptocov.
 

Application Papers

10)I:I The specification is objected to by the Examiner.

11)|Z| The drawing(s) filed on 7—28—2011 is/are: a)I:I accepted or b)XI objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d).

Priority under 35 U.S.C. § 119

12)IZI Acknowledgment is made of a claim for foreign priority under 35 U.S.C.§119(a)-(d) or (f).

Certified copies:

a)le All b)|:| Some” c)I:| None of the:

1.|:I Certified copies of the priority documents have been received.

2.l:| Certified copies of the priority documents have been received in Application No.

BIZI Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) E Notice of References Cited (PTO-892) 3) I] Interview Summary (PTO-413)
. . Paper No(s)/Mai| Date.

2) IX Information Disclosure Statement(s) (PTO/SB/Oaa and/or PTO/SB/Osb)
Paper No(s)/Mai| Date 7-28-2011 1-29-2014. 4) D Other:—-

U 8 Patent and Trademark Office
PTOL-326 (Rev. 11-18) Office Action Summary Part of Paper NolMaiI Date 20140318
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Application/Control Number: 13/146,669 Page 2

Art Unit: 1726

DETAILED ACTION

Notice ofPre-AIA or AIA Status

The present application is being examined under the pre-AIA first to invent provisions.

Information Disclosure Statement

The IDS filed on July 28, 2011 has been considered by the examiner, except for citation

AK which is presently lined—through. Only one page of the cited document is present in the

application file, which also appears to be merely the bibliographic data.

The IDS filed on January 29, 2014 has been considered by the examiner.

Drawings

The drawings are objected to under 37 CFR 1.83(a). The drawings must show every

feature of the invention specified in the claims. Therefore, the claimed insulator which prevents

direct mechanical and electrical contact between the end faces of the winding and the flat bottom

and top areas must be shown or the feature(s) canceled from the claim(s). No new matter should

be entered.

Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in reply to

the Office action to avoid abandonment of the application. Any amended replacement drawing

sheet should include all of the figures appearing on the immediate prior version of the sheet,

even if only one figure is being amended. The figure or figure number of an amended drawing

should not be labeled as “amended.” If a drawing figure is to be canceled, the appropriate figure
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Application/Control Number: 13/146,669 Page 3

Art Unit: 1726

must be removed from the replacement sheet, and where necessary, the remaining figures must

be renumbered and appropriate changes made to the brief description of the several views of the

drawings for consistency. Additional replacement sheets may be necessary to show the

renumbering of the remaining figures. Each drawing sheet submitted after the filing date of an

application must be labeled in the top margin as either “Replacement Sheet” or “New Sheet”

pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will

be notified and informed of any required corrective action in the next Office action. The

objection to the drawings will not be held in abeyance.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of pre-AIA 35 USC. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless 7

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country. more than one year prior to the date of application for patent in the
United States.

Claims 1, 2, 6, 10 and 11 are rejected under pre-AIA 35 USC. 102(b) as being

anticipated by Nakayama (US 4,224,387).

Nakayama teaches a button cell comprising a housing cup [14] and a housing top [20]

separated from one another by an electrically insulating seal [26] and which form a housing with

a flat bottom area and a flat top area parallel to it, i.e. the vertical flat part of the housing top and

the vertical flat part of the housing cup. An electrode-separator assembly is within the housing

and comprises strips or rectangular sections of a positive electrode [1 2] and a negative [10]

electrode in the form of flat layers and are connected to one another by a flat separator [16]. The
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Application/Control Number: 13/146,669 Page 4

Art Unit: 1726

electrode layers are aligned essentially at right angles to the flat bottom area and flat top area as

defined previously. Furthermore, the button cell is closed without being beaded over. (Figure 1)

See col. 1 line 59 et seq. Thus, Nakayama also teaches a method for producing a button cell such

that the electrode layers are aligned essentially at right angles to the flat bottom and top areas as

defined previously.

Claim Rejections - 35 USC § 103

The following is a quotation of pre—AIA 35 USC. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 3—5, 9, l2 and 13 are rejected under pre—AlA 35 USC. 103(a) as being

unpatentable over Nakayama (US 4,224,387) in view of Suzuki et al. (US 7,566,515)

The teachings of Nakayama are discussed above.

Nakayama does not explicitly teach a spiral winding. However, Suzuki teaches electrode

assemblies both in flat sheet form (Fig. l) and in flat spiral windings form. (col. 6 line 43 et seq.)

The prior art as a whole is considered to recognize the equivalence of flat electrode assemblies

(as disclosed in Nakayama and Suzuki) with spiral electrode assemblies (as disclosed in Suzuki).

The prior art’s clear recognition of mutual equivalence of these components, independent of

applicant’s disclosure, is herein relied upon as the rationale to support an obviousness rejection.

In re Rufi; 256 F.2d 590, l 18 USPQ 340 (CCPA 1958) Furthermore, the claims would have

been obvious because the substitution of one known element for another would have yielded

JLab/Cambridge, Exh. 1002, p. 322



JLab/Cambridge, Exh. 1002, p. 323

Application/Control Number: 13/146,669 Page 5

Art Unit: 1726

predictable results to one of ordinary skill in the art at the time the invention was made.

Addtionally, Suzuki teaches that spiral windings “have the advantage that they are firmly wound

and excellent in adhesion.” (col. 6 line 61 et seq.)

Nakayama does not explicitly teach a rechargeable battery. However, Suzuki teaches a

rechargeable battery, which the skilled artisan would find as an obvious modification in view of

secondary cells having the benefit of renewable energy.

Claims 7, 8 and 14 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable

over Nakayama (US 4,224,387) in view of Suzuki et al. (US 7,566,515), and further in View of

Cantave et al. (US 6,443,999)

The teachings of Nakayama and Suzuki are discussed above.

Nakayama does not explicitly teach an insulator which prevents direct mechanical and

electrical contact between the end faces of the winding and the flat bottom and top areas.

However, Cantave teaches an insulator [74] to line the end of the battery casing. (col. 5 line 59 et

seq.) Furthermore, improved insulation is accomplished by reshaping an edge of the separator

layer, as by heat forming, and using said reshaped portion of the separator layer to also function

as a continuous electrical insulation layer between the positive cathode sheet and the cell casing,

particularly at the closed end of the casing. (col. 2 line 66 et seq.) The skilled artisan would find

obvious to further modify Nakayama’s invention in the manner claimed. The motivation for

such a modification is to improve the electrical insulation of the cell.
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Application/Control Number: 13/146,669 Page 6

Art Unit: 1726

Conclusion

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Julian Anthony Whose telephone number is (571) 272-1289. The

examiner can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Patrick J. Ryan, can be reached on (571) 272-1292. The fax phone number for the

organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

system, see http://pair—direct.usptogov. Should you have questions on access to the Private PAlR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 308-0661.

/Julian Anthony/
Examiner, Art Unit 1726

/PATRICK RYAN/

Supervisory Patent Examiner, Art Unit 1726
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