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and a method of fabricating which in-
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pages having an uncoated portion be-
tween portions coated with an active elec-
trode material. The electrode pages are
arranged 1n a stack and an overall current
collector 1s connected at the uncoated
portion in order to form an electrode
booklet. The overall current collector
maintains the arrangement of the elec-
trode pages and electrically connects all
of the uncoated portions of the electrode
pages. A tilted stack of electrode pages 1s
utilized when a large number of elec-
trodes are desired to result in a battery
cell having a vertical orientation.
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HIGH DURABILITY LITHIUM-ION CELLS

FIELD OF THE INVENTION

The purpose is to make high durability lithium 1on cells for high power

applications such as electric and hybrnd electric vehicles.

BACKGROUND

Conventionally, lithium ion cells are cylindrical in shape and are composed of
winding structured electrodes. However, the winding technology has disadvantages that
limit the size (capacity) and integrity of the cells as outlined below:

1. Electrode smoothness problem at a certain length: This problem becomes

more serious when cell size 1s increased. If the electrode smoothness or
the variation of the thickness can not be maintained at a certain level, the
size of the wound electrodes will not be consistent and that leads to the
failure 1n fitting into the battery can.

2. Electrode swelling problem: This limits the electrode design, processing

method, and thus the yield.

3. Current collector positioning problem: Large wound cells with long

electrodes need multiple current collector tabs for high power applicatibns.
Proper alignment of the tabs is always a problem for large cylindrcal
wound cells. Electrode thickness variation with a long electrode winding
causes poor alignment of the tabs. Poor alignment makes welding of the

current tabs to the cell top difficult and induces poor reliability of the cell.

|
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4. Heat dissipation problem: This factor limits the final size of the cell owing
to the difficulty of heat dissipation in a radial heat diffusion path.
Nonetheless, owing to the requirement of a high C-rate for high power
applications, the heat dissipation problem will affect the applicability of
the cylindrical cells in high power applications. It may also cause serious
safety problems.

Although stacking structured cells have advantages over the disadvantages
outlined above, the stacking precision and labor intensive nature of the stacking
Process make the stacking structured batteries expensive and difficult in maintaining
high yield while the size (corresponding to the number of layers) 1s increased.

A conventional stacking structured cell 1s shown in Fig. 1(a). The current
collectors of the cathodes and anodes are normally positioned at the top of the
electrode with a separator being disposed between the electrodes (Please refer to Fig.
1(b)). The disadvantages of the cell structure shown in Figs. 1(a) and 1(b) are outlined
as follows:

1. The electrodes are single pieces. This leads to the difficulty in each
stacking process, as precision control is necessary during each stacking
process.

2. The current collecting tab on each single electrode 1s either punched out
from the uncoated portion of the metal substrate foil or a separated metal
strip 1s welded to the electrode. Either way adds complications and cost to
the assembling process.

3. Difficulty i1s encountered when welding the multiple electrode tabs
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together and attaching them to the main negative and positive posts under

the battery cap within the limited headspace. This difficulty becomes more
severe when the number of stacking layers 1s increased. If one of the
electrodes is not welded properly, or if one of the electrode’s current
collector part (i.e. the uncoated substrate such as copper or aluminum foil)
1 broken, the performancf: and reliability of the resultant cell will be
affected drastically. Owing to this reason, the consistency of the stacked
cell beconies unpredictable especially when a vibration test 1s conducted.
4. For electrodes of a large surface area, if the current collector on each
- electrode is made too small, it will give poor current distribution and make
the resultant cell perform poorly owing to the high resistance originating
from each electrode.
In the present invention, the electrode stacking problems mentiéned above can be

solved with more advantages obtainable compared to the conventional stacking

technologies.

SUMMARY OF THE INVENTION

An aspect of the present invention is an electrode booklet for a rechargeable battery,

having a plurality of electrode pages, each electrode page is a foil having a shape symmetric

about a center line and having a top and bottom surface coated with an active electrode
material at symmetric portions other than a central uncoated portion which extends
between edges of the foil and includes the center line. At least one overall current

collector is disposed along the uncoated portion of at least one. of the plurality of
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electrode pages. The electrode pages are in a stack arrangement and similarly oriented, with

the at least one overall current collector being connected to the uncoated portion of all of the
plurality of electrode pages to maintain the plurality of electrode pages in the stack

arrangement and to provide an electrical connection between all of the plurality of electrode

pages.

Another aspect of the present invention includes a stacked electrode assembly,
comprising é semi anode booklet having a plurality of anode pages, each page having, at one
end, an active anode material portion on the top and bottom surfaces thereof, an uncoated
portion at the other end and at least one overall current collector disposed on the uncoated
portion of at least one anode page and connecting the plurality of anode pages, a semi cathode
booklet having a plurality of cathode pages, each page having, at one end, an active cathode
material portion on the top and bottom surfaces thereof, an uncoated portion at the other end
and at least one overall current collector disposed on the uncoated portion of at least one
cathode page and connecting the plurality of cathode pages, and a separator material for
separating the active anode material from the active cathode material, said active anode
material and active cathode material being substantially similar in size and shape, and
arranged to alternate active anode material with active cathode material in a manner to result
in the coated portions being in a vertical stack with the separator material separating each
coated porﬁon, the at least one overall current collector of the anode booklet being disposed
on one side of the vertical stack and the at least one overall current collector of the cathode

booklet being disposed on the opposite side of the vertical stack, said uncoated portions of
said anode pages being of a progressively increasing size from an anode page closest to its
overall current collector to an anode page furthest from its overall current collector, and said
uncoated portions of said cathode pages being of a progressively increasing size from a
cathode pag'e closest to its overall current collector to a cathode page furthest from its overall

current collector.

Another aspect of the present invention includes a method of fabricating an

electrode booklet for a rechargeable battery. The method includes providing a plurality of
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electrode pages, each being a foil having a shape symmetric about a center line and having a
top and bottom surface coated with an active electrode material at two similar portions other
than a central uncoated portion which extends between edges of the foil and includes the
center line, arranging the plurality of electrode pages in a stack with the electrode pages being
similarly oriented, providing at least one overall current collector disposed along the uncoated
portion of at least one of the plurality of stacked electrode pages and connecting all the
plurality of electrode pages to maintain the plurality of electrode pages in the stack

arrangement and to provide an electrical connection between all of the plurality of electrode

pages.

Another aspect of the present invention includes a method of fabricating a
rechargeable battery, comprising: a) providing an elongated foil strip having a top and a
bottom surface longitudinal edges and a center line parallel to the longitudinal edges; b)
selectively coating portions of the top and bottom surfaces adjacent the longitudinal edges
with an active electrode material to provide active electrode material at symmetric portions
other than a central uncoated portion which includes the center line; c) cutting, the foil strip, at
equally spaced locations along the strip, in a direction perpendicular to the longitudinal edges
of the strip, to provide a plurality of electrode pages each having the coated portions and the
uncoated portion between the coated portions; d) arranging the plurality of electrode pages in
a vertical stack with said electrode pages being similarly oriented; e¢) forming an electrode
booklet by providing at least one overall current collector disposed along the uncoated portion

of at least one of said plurality of stacked electrode pages to maintain said plurality of
electrode pages in the stack arrangement and to provide an electrical connection between all
of the plurality of electrode pages; f) repeating steps (a) to (e) to form a second electrode
booklet, wherein in step (b) an active anode material 1s used for the active electrode material
for a first electrode booklet to form an anode booklet, and in step (b) an active cathode

material is used for the active electrode material for the second electrode booklet to form a
cathode booklet, and said anode booklet and said cathode booklet are substantially similar in
size, shape and number of pages; g) folding said anode booklet and said cathode booklet about
their respective uncoated portions; h) forming a stacked electrode assembly by arranging the

folded booklets to provide coated portions of the anode booklet alternated with coated
4a
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portions of the cathode booklet and inserting a separator material between each coated portion

to result in a vertical stack having at least one overall current collector of the anode booklet
being disposed on one side of the resulting vertical stack and at least one overall current
collector of the cathode booklet being disposed on the opposite side of the resulting vertical
stack; 1) providing an insulating base for supporting overall current collectors and disposing
overall current collectors of the stacked electrode assembly in the insulating base; j) providing
a battery cap having current collecting posts; k) electrically connecting the overall current
collectors to the current collecting posts; 1) providing a battery can; m) inserting the supported
stacked electrode assembly in the battery can wherein the insulating base 1s adjacent the
bottom of the can; n) welding the battery cap to the battery can to seal the battery, and o)
providing an electrolyte to fill the battery can.

Another aspect of the present invention includes a method of fabricating a
rechargeable battery, comprising: a) providing an elongated foil strip having a top and a
bottom surface longitudinal edges and a center line parallel to the longitudinal edges; b)
selectively coating portions of the top and bottom surfaces adjacent the longitudinal edges
with an actiife electrode material to provide active electrode material at symmetric portions
other than a central uncoated portion which includes the center line; c) cutting the foil strip, at
equally spaced locations along the strip, in a direction perpendicular to the longitudinal edges
of the strip, to provide a plurality of electrode pages each having the coated portions and the
uncoated portion between the coated portions; d) arranging the plurality of electrode pages in

a stack with said electrode pages being similarly oriented and with the coated portions being

stacked at a selected angle from vertical; €) forming an electrode booklet by providing at least
one overall current collector disposed along the uncoated portion of at least one of said
plurality of stacked electrode pages to maintain said plurality of electrode pages in the stack
arrangement and to provide an electrical connection between all of the plurality of electrode
pages; f) repeating steps (a) to (¢) to form a second electrode booklet, wherein 1n step (b) an
active anode material is used for the active electrode material for a first electrode booklet to

form an anode booklet, and in step (b) an active cathode material is used for the active

electrode material for the second electrode booklet to form a cathode booklet, and said anode

booklet and said cathode booklet are substantially similar in size, shape and number of pages;
4b
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g) tolding said anode booklet and said cathode booklet about their respective uncoated
portions; h) forming a stacked electrode assembly by arranging the folded booklets to provide
coated portions of the anode booklet alternated with coated portions of the cathode booklet
and inserting a separator material between each coated portion to result in a vertical stack
having at least one overall current collector of the anode booklet being disposed on one side
of the resulting vertical stack and at least one overall current collector of the cathode booklet
being disposed on the opposite side of the resulting vertical stack; i) providing an insulating
base for supporting overall current collectors and disposing overall current collectors of the
stacked electrode assembly in the insulating base; j) providing a battery cap having current
coll'ecting posts; k) electrically connecting the overall current collectors to the current
collecting posts; 1) providing a battery can; m) inserting the supported stacked electrode
assembly 1n the battery can wherein the insulating base i1s adjacent the bottom of the can; n)
welding the battery cap to the battery can to seal the battery, and o) providing an electrolyte to
fill the battery can.

Another aspect of the present invention includes a method of fabricating a
rechargeable battery, comprising: a) providing an elongated foil strip having a top and a
bottom surface longitudinal edges and a center line parallel to the longitudinal edges; b)
selectively coating portions of the top and bottom surfaces adjacent the longitudinal edges
with an active electrode material to provide active electrode material at symmetric portions
other than a central uncoated portion which includes the center line; ¢) cutting the foil strip, at
equally spaced locations along the strip, in a direction perpendicular to the longitudinal edges
of the strip, to provide a plurality of electrode pages each having the coated portions and the
uncoated portion between the coated portions; d) arranging the plurality of electrode pages in
a stack with said electrode pages being similarly oriented and with the coated portions being
stacked at a selected angle from vertical; e) forming an electrode booklet by providing at least
two overall current collectors disposed along the uncoated portion of at least one of said
plurality of stacked electrode pages to maintain said plurality of electrode pages in the stack
arrangement and to provide an electrical connection between all of the plurality of electrode
pages; 1) repeating steps (a) to (e) to form a second electrode booklet, wherein in step (b) an

active anode material 1s used for the active electrode material for a first electrode booklet to
4¢
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form an anode booklet, and in step (b) an active cathode material is used for the active
electrode material for the second electrode booklet to form a cathode booklet, and said anode
booklet and said cathode booklet are substantially similar in size, shape and number of pages;
¢) forming semi electrode booklets by cutting said plurality of electrode pages of the booklets
at a location between the two overall current collectors to result in two semi anode booklets
with each having at least one overall current collector with coated portions being stacked at a
selected angle from vertical and to result in two semi cathode booklets with each having at
least one overall current collector with coated portions being stacked at the selected angle
from vertical h) forming a stacked electrode assembly by arranging one semi anode booklet
and one semi cathode booklet to‘provide coated portions of the sem1 anode booklet alternated
with coated portions of the semi cathode booklet and inserting a separator material between
each coated portion to result in a vertical stack having at least one overall current collector of
the semi1 anode booklet being disposed on one side of the resulting vertical stack and at least
one overall current collector of the semi cathode booklet being disposed on the opposite side
of the resulting vertical stack; 1) providing an insulating base for supporting overall current
collectors and disposing overall current collectors of the stacked electrode assembly in the
insulating base; j) providing a battery cap having current collecting posts; k) electrically
connecting the overall current collectors to the current collecting posts; 1) providing a battery
can; m) inserting the supported stacked electrode assembly in the battery can wherein the
insulating base is adjacent the bottom of the can; n) welding the battery cap to the battery can

to seal the battery, and o) providing an electrolyte to fill the battery can.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. I(a) and 1(b) are examples of stacked electrodes of the prior art;

Fig. 2(a) 1s an elongated foil of the present invention having two portions with
an active electrode material and an uncoated central portion, with lines indicated for cutting

electrode pages;

Fig. 2(b) 1s a stack of electrode pages of the invention with coated portions

4d
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stacked 1n a vertical orientation;

Fig. 2(c) is.an electrode booklet of the invention having stacked electrode pages
connected to an overall current collector;

Fig. 2(d) 1s the electrode booklet of Fig. 2(¢) arranged 1n a folded condition;

Fig. 3(a) 1s an anode booklet and a cathode booklet of the invention in an 1mitial
stage of fabricating a stacked electrode assembly having a separator material between
coated portions of anodes and cathodes;

Fig. 3(b) 1s the stacked electrode assembly of Fig. 3(a) at a final stage of
fabrication

Fig. 4(a) is a stack of electrode pages of the invention with coated portions
stacked with a selected angle from vertical, the selected angle being toward the left or
right as shown in the drawing;

Fig. 4(b) is an electrode booklet of the invention fabricated with the stack of
electrode pages of Fig. 4(a) and having two overall current collectors.

Fig. 4(c) 1s the electrode booklet of Fig. 4(b) arranged in a folded condition;

Fig. 4(d) is the electrode booklet as in Fig. 4(b) with solely one overall current
collector;

Fig. 4(e) 1s the electrode booklet of Fig. 4(d) arranged 1n a folded condition;

Fig. 4(f) shows two electrode booklets of the invention 1n a folded condition, one
as an anode booklet and one as a cathode booklet;

Fig. 4(g) 1s a stacked electrode assembly of the in?ention fabricated with the
anode booklet and cathode booklet of Fig. 4(f) and a separator matenal separating' each

anode and cathode;

J
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Fig. 4(h) is the electrode booklet of Fig. 4(b) showing a cutting line for use in a
second embodiment of the invention;

Fig. 4(i) 1s a semi anode booklet and a semi cathode booklet of the invention
resulting from cutting an anode booklet and a cathode booklet as shown in Fig. 4(h);

Fig. 4(j) is a cell of a battery having alternating anodes and cathodes fabricated
from the semi of anode booklet and semi cathode booklet of Fig. 4(1), with a separator
material separating the anodes and cathodes;

Fig. 5 is a plurality of anode booklets and cathode booklets of the invention in a
stacked arrangement, with a main positive conducting plate and a main negative
conducting plate connecting the overall current collectors;

Fig. 6(a) shows electrode booklets of the invention with overall current collectors
disposed 1n an insulating base for support; and

Fig. 6(b) shows an assembled rechargeable battery of the invention fabricated

with use of the supported overall current collectors and electrode booklets of Fig. 6(a).

DETAILED DESCRIPTION

The stacking method of the present invention can be visualized from Figs. 2(a) -
2(d) and Figs. 3(a) - 3(b). Figs. 2(a) - 2(b) show a method of preparing electrode booklets
for both cathodes and anodes and Figs. 3(a) — 3(b) show a method for stacking the
resulting cathode booklet together with the resulting anode booklet. Fig. 2(a) shows the
electrode (same for cathode and anode) being coated with active electrode materials
longitudinally the electrode is preferably an elongated foil strip having a top and bottom

surface, longitudinal edges and a center line parallel to the longitudinal edges. The gap

6
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shown between the coated areas is prepared as the current collector for later use and has
no active electrode material. Fig. 2(b) shows a stack of electrode pages cut transversally
from the longitudinally coated electrode shown 1n Fig. 2(a) at the indicated cutting lines.
The electrode pages are cut to provide a plurality of electrode pages of similar size and
shape, with similar coated areas.

Fig. 2(c) shows an overall current collector that 1s welded (or connected by other
methods) on the uncoated area of at least one of the electrode pages in the electrode stack
shown in Fig. 2(b). The overall current collector 1s connected to maintain the plurality of
electrode pages in the stack arrangement and to provide an electrical connection between
all of the electrode pages. Finally, Fig. 2(d) shows a booklet of electrodes that can be
prepared similarly for both cathodes and anodes by using either cathode active materal
or anode active material. In Fig. 2(d) the electrode booklet is in a folded condition.

Fig. 3(a) shows the shuffling nature of stacking electrode pages of the booklets.
The separator material is implemented as a continuous strip with a longitudinal edge of
the strip being parallel to the center line with respected to the cathode and anode layers.
With the movement of the separator roll moving back and forth, the separator matenal 1s
placed continuously in between each anode and cathode layer coming from the cathode
and anode booklets. Fig. 3(b) shows the structure of the final electrode stack which will
be referred to as a stacked electrode assembly. The method of electrode booklet
preparation shown in Figs. 2(a) — 2(d) and the final stacked electrode assembly shown 1n
Fig. 3(b) are ideal for thin electrode stack, usually less than about 2 cm 1n thickness, of
the final electrode stack. Although a separator materal 1s shown and described as being a

continuous strip on a roll, it 1s possible in practice of the invention to have individual

7
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sheets of a separator material, or to coat surfaces of the active anode material, the active
cathode material or both with a polymeric material, or the like, to separate the electrodes.

However, for a thick electrode stack (greater than about 2cm 1n overall electrode
stack), a front edge of an electrode booklet may not superimpose well enough to provide
a vertical stacked electrode assembly owing to the numerous layers being stacked
together while the layers are constrained by a certain length. The position of the front
edge of each electrode in a stacked electrode assembly i1s important in the sense of
making sure of the capacity consistency of the final cells, as well as the maximization of
the cell capacity. A method of preparing electrode booklets with numerous layers and the
method of forming a vertical stacked electrode assembly, with electrode edges and thus
coated portions being stacked vertically above each other, are described as follows:

Fig. 4(a) shows a stack of electrode pages placed in a tilted manner, that 1s
the coated portions are stacked at a selected angle from vertical. The tilting of the initial
electrode stack 1s to solve the non-superposition problem for the final stacked electrode
assembly. Fig. 4(b) shows two overall current collectors that are staggered and connected
at positidns indicated n the figure. It is ‘necessary to have at least one overall current
collector 1n the present embodiment. By folding the left side stack up to the top of the
right side stack, a new stack (folded electrode booklet) 1s formed as shown 1n Fig. 4(c).
Similarly, 1if the tilted stack shown 1n Fig. 4(a) is attached to a single overall current
collector as shown 1n Fig. 4(d), again the folding of the left side stack to the top of the
right side stack results in a new stack (folded electrode booklet) as shown in Fig. 4(e). By
taking an anode booklet prepared as in the Fig. 4(e) structure and a cathode booklet

prepared using the same structure, as exhibited in Fig. 4(f), the resultant stacked electrode
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assembly obtained after shufiling as described above becomes upright as shown in Fig.
4(g). In general, the tilting angle O as indicated 1n Fig. 4(a) and 4(b) is determined by the

thickness of the cathode, the anode, and the separator matenal. The tilting angle may
range from about 1 to 80° 1n order to maintain a final stacked electrode assembly with
coated portions stacked vertically and with electrode edges superimposed correctly above
each other. It should be mentioned again, in Fig. 4(g), the separator material 1s arranged
longitudinally with respect to the shuffling and the separator material is kept in between
each cathode and anode layer while stacking. It should be further mentioned that the
processes utilized in making booklets shown in Fig. 4(c) and 4(e) are not limited to the
configuration (positions) and numbers of overall current collectors. The overall current
collector positions can be implemented 1n the middle of the uncoated portion as shown 1n
Fig. 2(c) or on one side of the uncoated portion as shown 1n Fig. 4(c) and 4(e). Also,
although in Fig. 2 (¢) the overall current collector 1s shown on top of the stack of
electrode pages 1t can be located between any of the electrode pages or at the bottom of
the stack of electrode pages.

A second embodiment of the invention 1s disclosed for making stacked electrodes
of the same symmetry obtainable by a single cutting. Taking the electrode booklet as
shown 1n Fig. 4(b) as an example, two semi electrode booklets with exact symmetry can
be obtained by cutting all of the electrode pages at a location between two overall current
collectors as indicated in Fig. 4(h). After cutting, two semi electrode booklets are formed.
By this method semi anode booklets and semi cathode booklets can be formed by first
fabricating an anode booklet and a cathode booklet. A semi anode booklet can be

shuffled with a semi cathode booklet, prepared with the same tilting arrangement and a
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final vertically oriented stack of electrodes can be obtained (Please refer to Fig. 4(1) and
4())-

In addition to the methods disclosed above for making a thick stacked electrode
assembly, a thick stacked electrode assembly can be made by stacking several thin anode
and cathode booklets as shown 1n Fig. 5 and attaching each booklet to main negative and
positive conducting plates which are later connected to current collecting posts of a
battery cap.

Features and advantages of the present invention include:

1. Electrode booklets are always prepared as a first step.

2. Pertinent electrode booklets can be constructed using electrode pages
without further cutting or with only one cutting in forming two symmetric stacks, no
matter how thick the final electrode stack 1s. This 1s very important not only to the cost
reduction but also to the enhancement In quality assurance.

3 The full length of the uncoated portion of each electrode can be welded to
the overall current collector and 1t provides uniform current distribution even with
electrodes having a large surface area. This 1s very important for obtaining high rate
capability and reducing heat generation.

4, The welding ot electrode layers to the overall current collector is
conducted prior to stacking anode booklets with cathode booklets. This makes the
welding process more reliable with higher yield.

. Electrode stacking can be very efficient without precision control. Short
time stacking, thus cost reduction 1s expected.

6. High yield of an overall electrode stack results owing to the reduction of
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risks in undesirable stacking precision and stacking sequencing, unreliable welding, and
damaging of electrodes during welding (especially the current collector part during the
welding process).

7. The longitudinal direction of the separator material helps stabilizing the
electrode stack thus enhances the durability of the cell, especially when vibrated in up
and down directions (please refer to Fig. 6(a)).

The cell structure and assembly method disclosed above 1s to enhance the
durability and yield of the resultant cell utilizing the electrode booklets described above.
The method and the structure of cell assembly are described using the following
examples:

Example 1. For only one anode booklet and one cathode booklet (please refer to
the structure shown in Fig. 3(b)) the method of assembly for a cell 1s as follows:

1. Stabilizing the overall current collectors (including the cathode and anode)
on an insulating base with a determined width. The insulating base is indicated in Fig.
6(a). This insulating base, which can be made of plastic, is used for both insulation of the
booklets to the metal case and stabilizing the stacked electrode assembly.

2. Weld (or using bolts and nuts or other methods) the stabilized overall
current collectors to the current collecting posts constructed on a battery cap (please refer
to Fig. 6(a)).

3. Insert the whole structure including the battery cap and the stabilized
stacked electrode assembly 1nto the battery can (please refer to Fig. 6(b)).

4. Seal the battery can using laser welding or other equivalent methods.

S. Fill up the electrolyte to the battery through a filling port on the battery
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cap followed by final sealing of the filling port (please refer to Fig. 6(b)).

Example II. For a plurality of anode booklets and cathode booklets (please refer to
the structure shown 1n Fig. 5) the method of assembly 1s as follows:

1. Stabilizing the overall current collectors (including the cathode and anode)
of the booklets on an insulating base with a determined width. The 1nsulating base is
indicated 1n Fig. 6(a). This insulating base 1s used for both msulation of the booklet to the
battery can and stabilizing the stacked electrode assembly.

2. Weld (or using bolts and nuts or other methods) the stabilized stacked
electrode assembly to the main conducting plates (please refer to Fig. 5).

3. Weld (or using bolts and nuts or other methods) the main conducting
plates to the current collecting posts constructed on the battery cap.

3 Insert the whole structure including the battery cap and the stabilized
stacked electrode assembly in the battery can (please refer to Fig. 6(b)).

5. Seal the battery can using laser welding or other equivalent methods.

6. Fill up the electrolyte to the battery through a filling port on the battery
cap followed by final sealing of the filling port (please refer to Fig. 6(b)).

In Example II., the sequence of step 1 and 2 can be switched according to the
design of the processing facilities. The processes shown in Example I and II are
demonstrating the ease and highly efficient nature of the present cell assembly method.
The procedures are not limited to the above sequences, as well as methods, in conducting
each process.

The advantages of the stabilized stacked electrode assembly made up of anode

and cathode booklets and the assembling method are as follows:
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. The stabilized stacked electrode assembly structure helps in the prevention
of disintegration of the stacked electrode booklets before connecting to the battery cap
(e.g. during transferring process, or welding process). .

2. The welding (or using bolts and nuts or other methods) of the stabilized
stacked electrode assembly to the current collecting posts of the battery cap becomes easy
and reliable compared to the conventional method. (Please refer to the disadvantages of
conventional stacking method analyzed in the background section regarding difficulty
exhibited when welding the multiple electrode tabs together and attaching them to the
main negative and positive posts under the cell cap within the limited headspace).

3. The stabilized stacked electrode assembly structure helps in reducing the
possibility of inaccurate welding (or using bolts and nuts or other methods) to the current
collecting posts of the battery cap.

4. Owing to the advantage described 1n 2, the insertion of the whole structure
including the battery cap and the stabilized stacked electrode assembly to the battery can
becomes smooth and efficient.

. Overall, excellent reliability and consistent cells can be constructed at high
efficiency and high yield using the presently disclosed cell structure and method of

processing.

While specific material, dimensions, fabricating steps, etc. have been set forth for
purposes of describing embodiments of the invention, various modifications can be

resorted to, in light of the above teachings, without departing from Applicants' novel
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contributions; therefore in determining the scope of the present invention, reference shall

be made to the appended claims.
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CLAIMS

Claim 1: An electrode booklet for a rechargeable battery, comprising

a plurality of electrode pages, each electrode page being a foil having a shape
symmetric about a center line and having a top and bottom surface coated with an active
electrode material at similar portions other than a central uncoated portion which extends
between edges of the foil and includes the center line, and

at least one overall current collector disposed along the uncoated portion of at
least one of said plurality of electrode pages, said electrode pages being 1n a stack
arrangement. and similarly oriented, with said at least one overall current collector being
connected to the uncoated portion of all of the plurality of electrode pages to maintain
said plurality of electrode pages in the stack arrangement and to provide an electrical

connection between all of the plurality of electrode pages.

Claim 2: A stacked electrode assembly of a battery, comprising:

an electrode booklet of Claim 1, wherein the active electrode matenal 1s an
active anode material to form an anode booklet,

an electrode booklet of Claim 1, wherein the active electrode material 1s an
active cathode material to form a cathode booklet, and

a separator material for separating the active anode matenal from the active
cathode material,

said anode booklet and cathode booklet being substantially similar in size, shape

and number of pages, and being in a folded condition about the uncoated portions,
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said at least one overall current collectors being connected to the uncoated
portion of each of said plurality of electrode pages in a manner to form a vertical stack of
coated portions,

the booklets being arranged to alternate coated portions of said anode booklet
with coated portions of said cathode booklet to result in a vertical stack with the separator
material separating each coated portion, and

the at least one overall current collector of the anode booklet being disposed on
one side of the resulting vertical stack and the at least one overall current collector of the

cathode booklet being disposed on the opposite side of the resulting vertical stack.

Claim 3: A stacked electrode assembly of a battery, comprising:

an electrode booklet of Claim 1, wherein the active electrode material 1s an
active anode material to form an anode booklet,

an electrode booklet of Claim 1, wherein the active electrode matenal 1s an
active cathode material to form a cathode booklet, and

a separator material for separating the active anode material from the active
cathode matenal,

said anode booklet and cathode booklet being substantially similar in size, shape
and number of pages, and being in a folded condition about the uncoated portions,

said at least one overall current collectors being connected to the uncoated
portion of each of said plurality of electrode pages in a manner to form a stack of coated

portions being at a selected angle from vertical,
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the booklets being arranged to alternate coated portions of said anode booklet

with coated portions of said cathode booklet to result in a vertical stack with the sepafator
matenal separating each coated portion, and

the at least one overall current collector of the anode booklet being disposed on
one side of the resulting vertical stack and the at least one overall current collector of the

cathode booklet being disposed on the opposite side of the resulting vertical stack.

Claim 4: A stacked electrode assembly, comprising

a semi anode booklet having a plurality of anode pages, each page having, at one
end, aﬁ active anode material portion on the top and bottom surfaces thereof, an uncoated
portion at the other end and at least one overall current collector disposed on the unco'ated
portion of at least one anode page and connecting the plurality of anode pages, |

a semi cathode booklet having a plurality of cathode pages, each page ha\}ing, at
one end, an active cathode material portion on the top and bottom surfaces thereof, an uncoated
portion at the other end and at least one overall current collector disposed on the unceated
portion of at least one cathode page and connecting the plurality of cathode pages, and

a separator matenal for separating the active anode matenal from the active

cathode material,

satd active anode matenial and active cathode matenal being substantially
similar in size and shape, and arranged to alternate active anode material with active

cathode material in a manner to result in the coated portions being in a vertical stack with

the separator matenal separating each coated portion,
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the at least one overall current collector of the anode booklet being disp.oséd on

one side of the vertical stack and the at least one overall current collebtor of the cathode

booklet being disposed on the opposite side of the vertical stack,
said uncoated portions of said anode pages being of a progressively increasing

siz¢ from an anode page closest to its overall current collector to an anode page furthest

from its overall current collector, and
said uncoated portions of said cathode pages being of a progressively increasing

size from a cathode page closest to its overall current collector to a cathode page furthest

from its overall current collector.

- Claimm 5: The stacked electrode assembly of a battery of Claim 3, wherein the

selected angle 1s between 1 and 80 degrees.

Clam 6. The stacked electrode assembly of Claim 2, 3 or 4,

wherein said separator material is in a continuous strip with a longitudinal edge of the

strip being parallel to the center lines.

Claim 7: The stacked electrode assembly of Claim 2, 3 or 4, further
compn'sing
an Insulating base for supporting the overall current collectors of the anode

‘booklet and the cathode booklet.

Claim 8: A multiple stacked electrode assembly of a battery, compnsing
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a plurality of stacked electrode assemblies of Claim 2, 3 or 4 arranged with the
overall current collectors of the anode booklets in vertical alignment and the overall
current collectors of the cathode booklets in vertical ahgnment,

a main positive collecting plate electrically connecting the vertically aligned
overall current collectors of the anode booklets,

a main negative collecting plate electrically connecting the vertically aligned
overall current collectors of the cathode booklets, and

an insulating base for supporting the overall current collectors of the anode

booklets and the cathode booklets.

Claim 9: A rechargeable battery, comprising

a battery can,

the stacked electrode assembly of Claim 7 disposed in the battery can, the
insulating base being adjacent the bottom of the battery can,

a battery cap having current collecting posts, with the overall current collectors
connected electrically to the current collecting posts, said battery cap being sealed to the
battery can, and

an electrolyte filling the battery can.

Claim 10: A rechargeable battery, compnsing
a battery can,
the stacked electrode assembly of Claim 8 disposed in the battery can, the

insulating base being adjacent the bottom of the battery can,
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a battery cap having current collecting posts, with the overall current collectors

connected electrically to the current cbllecting posts, said battery cap being sealed to the

battery can, and

an electrolyte filling the battery can.

Clam 11: A methbd of fabricating an electrode booklet for a rechargeable battery,
comprising ‘

providing a plurality of electrode pages, each being a foil having a shape
symmetric about a center line and having a top and bottom surface coated with an abtive
electroﬂe material at two similar portions other than a central uncoated portion which
extends between edges of the foil and includes the center hine,

arranging the plurality of electrode pages in a stack with said electrode pages
being similarly orniented,

providing at least one overall current collector disposed along the uncoated
portion of at least one of said plurality of stacked electrode pages and connecting al] the

plurality of electrode pages to maintain said plurality of electrode pages in the stack

arrangement and to provide an electrical connection between all of the plurahty of

electrode pages.

Claim 12: A method of fabricating a stackéd electrode assembly of a battery,
COmprising

fabricating the electrode booklet according to the method of Claim 11, wherein the

active electrode material is an active anode material, to form an anode booklet,
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fabricating the electrode booklet according to the method of Claim 11, wherein
the active electrode material is an active cathode material, to form a cathode booklet, wherein

said anode booklet and said cathode booklet are substantially similar in size, shape and

number of pages, and said at least one overall current collectors are connected in a manner to

form a vertical stack of coated portions,

folding said anode booklet and said cathode booklet about their respective

uncoated portions,

arranging the folded booklets to result in coated portions of the booklets being
in a vertical stack with coated portions of the anode booklet alternated with coated portions of
the cathode booklet, with the at least one overall current collector of the anode booklet being
disposed on one side of the resulting vertical stack and the at least one overall current
collector of the cathode booklet being disposed on the opposite side of the resulting vertical

stack, and

inserting a separator material, while arranging the folded booklets, to separate

each coated portion.

Claim 13: A method of fabricating a stacked electrode assembly of a battery,

comprising

fabricating the electrode booklet according to the method of Claim 11, wherein

the active electrode material is an active anode material, to form an anode booklet,

fabricating the electrode booklet according to the method of Claim 11, wherein
the active electrode material is an active cathode material, to form a cathode booklet, wherein
said anode booklet and said cathode booklet are substantially similar in size, shape and

number of pages, and said at least one overall current collectors are connected in a manner to

form a stack of coated portions being stacked at a selected angle from vertical,
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folding said anode booklet and said cathode booklet about their respective

uncoated portions,

arranging the folded booklets to result in coated portions of the booklets being
in a vertical stack with coated portions of the anode booklet alternated with coated portions of
the cathode booklet, with the at least one overall current collector of the anode booklet being
disposed on one side of the resulting vertical stack and the at least one overall current

collector of the cathode booklet being disposed on the opposite side of the resulting vertical

stack, and

inserting a separator material, while arranging the folded booklets, to separate

each coated portion.

Claim 14: A method of fabricating a semi electrode booklet of a battery,

comprising

fabricating the electrode booklet according to the method of Claim 11, wherein

the active electrode material is an active anode material, to form an anode booklet,

fabricating the electrode booklet according to the method of Claim 11, wherein

the active electrode material is an active cathode material, to form a cathode booklet,

said anode booklet and said cathode booklet being substantially similar in size,

shape and number of pages, and each booklet having at least two overall current collectors
being connected to the uncoated portions of all of the plurality of said electrode pages in a
manner to result in a stack of coated portions being stacked at a selected angle from vertical

and providing an electrical connection between all of the plurality of said electrode pages,

forming semi electrode booklets by cutting said plurality of electrode pages of

the booklets at a location between two overall current collectors to result in two semi anode
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booklets with each having at least one overall current collector with coated portions being
stacked at a selected angle from vertical and to result in two semi cathode booklets with each

having at least one overall current collector with coated portions being stacked at the selected

angle from vertical.

Claim 15: A method of fabricating a stacked electrode assembly of a battery,

comprising:

arranging one semi anode booklet and one semi cathode booklet fabricated
according to the method of Claim 14 to provide coated portions of one semi anode booklet
alternated with coated portions of one semi cathode booklet in a vertical stack, with the at
least one overall current collector of the one semi anode booklet being disposed on one side of
the vertical stack and the at least one overall current collector of the one semi cathode booklet
being disposed on the opposite side of the vertical stack, and inserting a separator material,

while arranging the semi anode booklet and the semi cathode booklet, to separate each coated

portion.

Claim 16: A method of fabricating a supported stacked electrode assembly,

comprising:
providing an insulating base for supporting overall current collectors, and

disposing overall current collectors of the booklets fabricated according to the

method of Claim 12, 13, or 15 in said insulating base.

Claim 17: A method of fabricating a rechargeable battery, comprising:

providing a battery cap having current collector posts,
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electrically connecting overall current collectors to the current collecting posts,
providing a battery can,

inserting the supported electrode assembly fabricated according to the method

of Claim 16 in the battery can, wherein the insulating base is adjacent the bottom of the can,
welding the battery cap to the battery can to seal the battery, and
providing an electrolyte to fill the battery can.
Claim 18: A method of fabricating a rechargeable battery, comprising:

a) providing an elongated foil strip having a top and a bottom surface

longitudinal edges and a center line parallel to the longitudinal edges;

b) selectively coating portions of the top and bottom surfaces adjacent the
longitudinal edges with an active electrode material to provide active electrode material at

symmetric portions other than a central uncoated portion which includes the center line;

¢) cutting the fo1l strip, at equally spaced locations along the strip, in a
direction perpendicular to the longitudinal edges of the strip, to provide a plurality of

electrode pages each having the coated portions and the uncoated portion between the coated

portions;

24



CA 02754617 2013-05-14

68549-28

d) arranging the plurélity of electrode pages in a vertical stack with said electrode

~ pages being similérly oriented,;

e) forniing an electrode booklet by providing at least one overall current collector
disposed along the uncoated portion of at least one of said plurality of stacked electrode
pages to maintain said pluralify of electrode pages in the stack arrangement and to
provide an electrical connection between all of the plurality of 'electrodg pages; .

ﬁ repeating steps (g) to (€) to form a second electrode booklet, wherein in step (b).
an active anode matenal 1s used for ﬂle active electrode matérizil fof a first electrode '
booklet to form an anode booklet, and in step (b) an active cathode matenal 1s used for
the active electrode ﬁateﬁd for the second electrode booklet to form a cathode booklet,
and said anode booklet and said cathode booklet are substantially similar in size, shape
and number of pages;

. g) folding said anode booklet and said cathode booklet about their respective
meoated portions;

h) forming a stacked electrode assembly by arranging the folded booklefs to
provide coated portions of the anode booklet alternated with coatc%d portions of the
cathode booklet and nserting a separator material between ezich coated portion to result
in a vertical stack having at least one overall current collector of the anode booklet being
disposed on one side of the resulting ?ertical stack and at least one overall current

collector of the cathode booklet being disposed on the opposite side of the resulting

vertical stack;
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1) providing an insulating base for supporting overall current collectors and
disposing overall current éollectors of the stacked electrode assembly in the insulating
base;

1) providing a battery cap having current collecting posts;

k) electrically connecting the overall current collectors to the current collecting
posts;

) providing a battery can;

m) inserting the supported stacked electrode assembly in the Baﬁery caﬁ wherein
the insulating base is adjacent the bottom of the can; ‘

- n) welding the battery cap to the baﬁery can to seal thé battery, and

‘0) providing an electrolyte to fill the battery can.

Claim 19: A method of fabricating a rechargeable battery, comprising:

a) providing an elongated foil strip having a top and a bottom surface

| longitl_ldinal edges and a center line parallel to the longitudinal edges;

b) selectively coating pbﬂions of the top and bottom ‘surt"a.ces ad) ac’:en't the
longitudinal edgeé with an active electrode material to provide active electrode material‘
at sﬁmcﬁc portions other than a central uncoated portion which includes the center line;

~ ¢) cutting the foil strip, at equally spaced locations albng the strip, in a direction
perpendicular to the longitudinal edges of the strip, to provide a plurality of electrode
pages each having the coated portions and the uncoated portibn bemeen the cbated

portions;
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‘d) arranging the plurality of electrode pages in a stack with gaid electrode pages
being similarly oriented and with the coated portions being stacked at a selected angle
from vertical;

e) forming an eléctrode booklet by providing at least one overall current collector
disposed along the uncoated portion of at least one of said plurality of .stacked electrode
pages to maintain said plurality of electrode pages in the stack arrangement and to
provide an electrical connection between all of the plurality of electrode pages;

f) repeating steps (é) to (&) to form a second electrode booklet, Qherein in step (b)
an active anode material is used for the active electrode material for a first electrode
booklet to form an anode booklet, and 1n step (b) an active cathode matenial is used for
the active electrode material for the second electrode booklet to form a cathode booklet,
and said anode booklet and said cathode booklet are substantially similar in size, shape

and number of pages;

g) folding said anode booklet and said cathode booklet about their respective

uncoated portions;

h) forming a stacked electrode assembly by arranging the folded booideis to
provide coated portions of the anode booklet alternated with coated portions of the
cathode booklet and inserting a separator material between each coated portion to result.
in a vertical stack having at least one 6vemll current collector of the anode booklet being

disposed on one side of the resulting vertical stack and at least one overall current
collector of the cathode booklet being disposed on the opposite side of the resulting

vertical stack;
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i) providing an insulating base for supporting overall current collectors and

disposing overall current collectors of the stacked electrode assembly in the insﬁléting
base;
j) providing a battery cap having current collecting posts;

k) electrically connecting the overall current collectors to the current collecting
posts;
) providing a battery can;
m) inserting the sﬁpported stacked electrode assembly in thé battery can wherein

the insulating base is adjacent the bottom of the can;

| n) welding the battery cap to the battery can to seal the battery, and

o) providing an electrolyte to fill the battery can.

' Claim 20: A method of fabricating a rechargeable baﬁery, comprising:

~a) providing an elongated foil strip having a top and a bottom surface
longitudinal edges and a center line parallel to the longitudinal edges;
b) selectively coating portions of the top and bottom surfabes adjacent the

longitudinal edges with an active electrode material to provide active electrode material
at symmetric portions other than a central uncoated portion whic‘:h includes the center line;

: ¢) cutting the foil stﬁp, at equally spaced locations along the strip, in a. direction
perpendicular to the longitudinal edges of the strip, to provide a plurality of electrode

pages each having the coated portions and the uncoated portion between the coated

portions;

28



*e

\ ’ 1

4

CA 02754617 2013-05-14

68549-28

d) arranging the plurality of electrode pages in a stack with said electrode pages

being similarly oriented and with the coated portions being stacked at a selected angle
from vertical;

¢) formin g an electrode booklet by providing at least two overall current
collecfors disposed along the uncoated portion of at least one of said plurality of stacked
electrode pages to maintain said plurality of electrode pages in the stack arrangclﬁent and
to provide an electrical connection between all of the plurality of electrode pages;

f) repeating steps (a) to () to form a second electrode booklet, wherein in step (b)
an -active anodc material is used for the active electrode material for a first electrode
booklet to form an anode booklet, and in step (b) an active cathode material 1s used for
the active electrode matenal for the second electrode booklet to form a cathode booklet,
and sziid anode booklet and said cathode boqklet are substantially similar in size, shape
and number of pages;

'g) forming semi electrode booklets by cutting said plurality of electrode pages of
the booklets at a location between the two overall current collectors to result in two semi
anode booklets with each having at least one overall current collector with coated
portions being stacked at a selected angle from vertical and to result in two semi cathode
booklets with each having at least one overall current collector with coated portions being

stacked at the selected angle from vertical

h) forming a stacked electrode assembly by arranging one semi anode- booklet
and one semi cathode booklet to provide coated portions of the semi anode booklet
alternated with coated portions of the semm cathode booklet and Inserting a separator

material between each coated portion to result in a vertical stack having at least one
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overall current collector of the semi anode booklet being disposed on one side of the
resulting vertical stack and at least one overall current 'collector of the semu cathode
booklet being disposed on the opposite side of the resulting vertical stack;

1) providing an insulating base for supporting ovérall current collectors and
disPOSing overall current collectors of the stacked electrode assembly in the insulating
base;

]) providihg a battery cap having current collecting posts;

k) electrically coxinecting the overall cment collectors to the current collecting
posts, '

1) providing a battery ca\n‘;

m) inserting the supported stackéd clectrode assembly 1n the béttery can wherein
the ipsulating base is adjacent the bottom of the can;

‘n) welding the battery cap to the Battery can to seal thé battery, and

- 0) providing an electrolyte to fill the battery can.
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