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AUXILARY ELECTRODE FOR 
LITHIUM-ON BATTERY 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application claims priority from U.S. Provi 
sional Application No. 61/568,764, filed Dec. 9, 2011, incor 
porated herein by reference in its entirety. 

BACKGROUND 

0002 The present application relates generally to the field 
of lithium-ion batteries or cells. More particularly, the present 
application relates to improved solid-electrolyte inter-phase 
(“SEI”) layer formation on a negative electrode of a lithium 
ion battery. 
0003 Lithium-ion batteries or cells include one or more 
positive electrodes, one or more negative electrodes, and an 
electrolyte provided within a case or housing. Separators 
made from a porous polymer or other Suitable material may 
also be provided intermediate or between the positive and 
negative electrodes to prevent direct contact between adjacent 
electrodes. The positive electrode includes a current collector 
having an active material provided thereon, and the negative 
electrode includes a current collector having an active mate 
rial provided thereon. The active materials for the positive and 
negative electrodes may be provided on one or both sides of 
the current collectors. 
0004 FIG. 1 shows a schematic representation of a portion 
of a lithium-ion battery 1 such as that described above. The 
battery 1 includes a positive electrode 10 that includes a 
positive current collector 12 and a positive active material 16, 
a negative electrode 20 that includes a negative current col 
lector 22 and a negative active material 24, an electrolyte 
material 40, and a separator (e.g., a polymeric microporous 
separator, not shown) provided intermediate or between the 
positive electrode 10 and the negative electrode 20. The elec 
trodes 10, 20 may be provided as relatively flat or planar 
plates or may be wrapped or wound in a spiral or other 
configuration (e.g., an oval configuration). The electrodes 
may also be provided in a folded (e.g., a Zig-Zag, accordion, or 
Z-fold) configuration. 
0005. During charging and discharging of the battery 1, 
lithium ions move between the positive electrode 10 and the 
negative electrode 20. For example, when the battery 1 is 
discharged, lithium ions flow from the negative electrode 20 
to the positive electrode 10. In contrast, when the battery 1 is 
charged, lithium ions flow from the positive electrode 10 to 
the negative electrode 20. 
0006. Once assembly of the battery is complete, an initial 
charging operation (referred to as a “formation process') may 
be performed. During this process, one goal is to form a stable 
solid-electrolyte-inter-phase (SEI) layer at the negative elec 
trode and also possibly at the positive electrode. These SEI 
layers are formed through a process of irreversible reactions 
between the electrodes and the electrolyte (e.g., with decom 
posing solvents of the electrolyte). Beneficially, these SEI 
layers act to passivate the electrode-electrolyte interfaces as 
well as to prevent side-reactions thereafter, thereby increas 
ing battery stability. 
0007. However, there may also be several downsides asso 
ciated with SEI layers. For example, SEI layers are formed 
with lithium that would otherwise be cyclable. Thus, to 
achieve a desired capacity or cell balance (i.e., balance 
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between capacity of the positive electrode to absorb lithium), 
additional positive active material would be required, which 
could increase cost, increase weight, and decrease power 
density of the battery. The SEI layers also have insulating 
properties that may result in impedance or resistance within 
the battery, which can negatively impact the charge and dis 
charge characteristics of the battery. The SEI layers may also 
continue to grow in thickness over the course of a battery's 
life, which further removes cyclable lithium from the battery, 
thus decreasing capacity and increasing resistance or imped 
ance. The SEI layer may also degrade over the life of the 
battery, such as when the electrode shrinks and expands due to 
heat associated with charging or discharging, which may 
cause cracks or other irregularities may form in the SEI layer. 
At the location of these irregularities, new SEI will beformed 
by a reaction that further reduces the amount of cyclable 
lithium. 
0008. One possible manner to address the problems asso 
ciated with degradation of the SEI layer is to initially create 
thicker, more robust SEI layer. However, this would require 
more lithium at formation, which would either reduce battery 
capacity or require additional positive active material as 
described above. Further, as the amount of lithium required to 
form a thicker SEI at the negative increases, the Voltage of the 
positive active material must be increased to deliver the 
lithium. This may, in some circumstances, affect overall sta 
bility of the positive electrode and related cell components 
due to parasitic reactions occurring at higher Voltages, which 
may lead to capacity fade and impedance increase. Also, 
because SEI formation is known to best occur in a slow, 
controlled process, a thicker SEI layer would require a longer 
manufacturing or formation time. 
0009. Accordingly, it would be advantageous to provide a 
lithium ion battery with improved SEI formation. 

SUMMARY 

0010. According to an exemplary embodiment, an auxil 
iary electrode for a lithium-ion battery includes a lithium 
Source material. The auxiliary electrode is configured to 
selectively couple to a negative electrode of a lithium-ion 
battery to provide lithium for formation of a solid-electrolyte 
inter-phase layer. 
0011. According to an exemplary embodiment, an 
lithium-ion battery includes a negative electrode, a positive 
electrode, and an auxiliary electrode. The auxiliary electrode 
includes a lithium source material. The auxiliary electrode is 
configured to selectively couple to the negative electrode to 
provide lithium for formation of a solid-electrolyte-inter 
phase layer on the negative electrode. 
0012. According to an exemplary embodiment, a method 

is provided for forming a solid-electrolyte-inter-phase layer 
on a negative electrode of a lithium-ion battery. The method 
includes providing a lithium-ion battery having a positive 
electrode, a negative electrode, and an auxiliary electrode 
having a lithium source material, wherein the electrodes are 
in contact with a common electrolyte. The method includes 
charging the battery by coupling the positive electrode to the 
negative electrode with a Voltage source, such that lithium 
from the positive electrode forms at least a portion of a solid 
electrolyte-inter-phase layer on the negative electrode. The 
method also includes coupling the auxiliary electrode to the 
negative electrode, such that lithium from the auxiliary elec 
trode forms another portion of the solid-electrolyte-inter 
phase layer on the negative electrode. 



US 2013/01 49560 A1 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a schematic view of a conventional 
lithium-ion battery. 
0014 FIG. 2 is a schematic view of a lithium-ion battery 
according to an exemplary embodiment. 
0015 FIG. 3 is a schematic view of a lithium-ion battery 
according to another exemplary embodiment. 
0016 FIG. 4 is a schematic view of a lithium-ion battery 
according to another exemplary embodiment. 
0017 FIG. 5 is a schematic view of a lithium-ion battery 
according to another exemplary embodiment. 
0018 FIG. 6 is a flow diagram illustrating certain steps in 
a method of forming a solid-electrolyte-inter-phase layer 
according to an exemplary embodiment. 
0019 FIG. 7 is a schematic view of a system in the form of 
an implantable medical device implanted within a body or 
torso of a patient including a lithium-ion battery according to 
an exemplary embodiment. 
0020 FIG. 8 is a schematic view of another system in the 
form of an implantable medical device including a lithium 
ion battery according to an exemplary embodiment. 

DETAILED DESCRIPTION 

0021. According to an exemplary embodiment, a lithium 
ion battery includes a positive electrode having a positive 
active material, a negative electrode having a negative active 
material, and an auxiliary electrode having a lithium source 
material. The auxiliary electrode is configured to selectively 
couple to the negative electrode to Supply lithium for forma 
tion of an SEI layer on the negative electrode. By providing 
lithium from a source separate from the positive active mate 
rial, the lithium-ion battery may, for example, have lower 
resistance, higher power density, and/or higher maintained 
capacity than a conventional lithium ion battery without the 
auxiliary electrode. These advantages may be accomplished, 
for example, by forming an SEI layer on the negative elec 
trode in a controlled manner at various stages during the life 
cycle of the lithium-ion battery. 
0022. Use of the auxiliary electrode may be particularly 
advantageous for those batteries having negative electrodes 
that, for example, consume relatively significant amounts of 
lithium in forming the SEI layer (e.g., lithium-ion batteries 
where irreversible capacity created during formation of the 
battery amounts to approximately 10% total cell capacity) by 
providing for improved cell energy density, capacity fade, and 
impedance rise. 
0023. Use of the auxiliary electrode may also be advanta 
geous for batteries having negative electrodes that are par 
ticularly susceptible to formation of irregularities or rela 
tively significant expansion/contraction during charge and 
discharge, Such as those incorporating silicon alloys or other 
materials as described herein. For example, the auxiliary elec 
trode may be used to initially form a stable SEI on the nega 
tive electrode in combination with the positive electrode. 
After Subsequent charging/discharging, the auxiliary elec 
trode may be coupled to the negative electrode to “repair the 
SEI so as to extend the useful lifetime of the battery without 
reducing cyclable lithium (i.e., capacity). 
0024 FIG. 2 is a schematic cross-sectional view of a por 
tion of a battery 200 according to an exemplary embodiment 
that includes a case 202, an electrolyte 240, at least one 
positive electrode 210, at least one negative electrode 220, 
and an auxiliary electrode 250. The size, shape, and configu 
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ration of the battery may be selected based on the desired 
application or other considerations. For example the elec 
trodes may be flat plate electrodes, wound electrodes, or 
folded electrodes (e.g., Z-fold electrodes). According to other 
exemplary embodiments, the battery may be a button cell 
battery, a thin film solid state battery, or another type of 
lithium-ion battery. 
0025. According to an exemplary embodiment, the battery 
200 has a rating of between approximately 1 and 1000 milli 
ampere hours (mAh). According to another exemplary 
embodiment, the battery has a rating of between approxi 
mately 100 and 400 mAh. According to another exemplary 
embodiment, the battery is an approximately 300 mAh bat 
tery. According to another exemplary embodiment, the bat 
tery is an approximately 75 mAh battery. According to 
another exemplary embodiment, the battery is an approxi 
mately 10 mAh battery. 
0026. The battery case or housing (not shown) is formed of 
a metal or metal alloy such as aluminum or alloys thereof, 
titanium or alloys thereof, stainless steel, or other suitable 
materials. According to another exemplary embodiment, the 
battery case may be made of a plastic material or a plastic-foil 
laminate material (e.g., an aluminum foil provided interme 
diate a polyolefin layer and a polyester layer). 
0027. An electrolyte is provided intermediate or between 
the positive and negative electrodes to provide a medium 
through which lithium ions may travel. The electrolyte may 
be a liquid (e.g., a lithium salt dissolved in one or more 
non-aqueous solvents). According to an exemplary embodi 
ment, the electrolyte may be a mixture of ethylene carbonate 
(EC), ethylmethyl carbonate (EMC) and a 1.0 M salt of 
LiPF. According to another exemplary embodiment, an elec 
trolyte may be used that uses constituents that may commonly 
be used in lithium batteries (e.g., propylene carbonate, dim 
ethyl carbonate, vinylene carbonate, lithium bis-oxalatobo 
rate salt (sometimes referred to as LiBOB), etc.). 
0028. Various other electrolytes may be used according to 
other exemplary embodiments. According to an exemplary 
embodiment, the electrolyte may be a lithium salt dissolved in 
a polymeric material Such as poly(ethylene oxide) or silicone. 
According to another exemplary embodiment, the electrolyte 
may be an ionic liquid such as N-methyl-N-alkylpyrroli 
dinium bis(trifluoromethanesulfonyl)imide Salts. According 
to another exemplary embodiment, the electrolyte may be a 
3.7 mixture of ethylene carbonate to ethylmethyl carbonate 
(EC:EMC) in a 1.0 M salt of LiPF. According to another 
exemplary embodiment, the electrolyte may include a 
polypropylene carbonate solvent and a lithium bis-Oxalatobo 
rate salt. According to other exemplary embodiments, the 
electrolyte may comprise one or more of a PVDF copolymer, 
a PVDF-polyimide material, and organosilicon polymer, a 
thermal polymerization gel, a radiation cured acrylate, a par 
ticulate with polymer gel, an inorganic gel polymer electro 
lyte, an inorganic gel-polymer electrolyte, a PVDF gel, poly 
ethylene oxide (PEO), a glass ceramic electrolyte, phosphate 
glasses, lithium conducting glasses, lithium conducting 
ceramics, and an inorganic ionic liquid gel, among others. 
0029. A separator (not shown) is provided intermediate or 
between the positive electrode 210 and the negative electrode 
220. According to an exemplary embodiment, the separator is 
a polymeric material Such as a polypropylene/polyethelene 
copolymer or another polyolefin multilayer laminate that 
includes micropores formed therein to allow electrolyte and 
lithium ions to flow from one side of the separator to the other. 
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The thickness of the separator is between approximately 10 
micrometers (Lm) and 50 Lim according to an exemplary 
embodiment. According to a particular exemplary embodi 
ment, the thickness of the separator is approximately 25um 
and the average pore size of the separator is between approxi 
mately 0.02 um and 0.1 um. 
0030 The positive electrode 210 includes a current col 
lector 212 made of a conductive material Such as a metal. 
According to an exemplary embodiment, the current collector 
212 comprises aluminum or an aluminum alloy. 
0031. According to an exemplary embodiment, the thick 
ness of the current collector 212 is between approximately 5 
um and 75um. According to a particular exemplary embodi 
ment, the thickness of the current collector 212 is approxi 
mately 20 um. It should also be noted that while the positive 
current collector 212 has been illustrated and described as 
being a thin foil material, the positive current collector may 
have any of a variety of other configurations according to 
various exemplary embodiments. For example, the positive 
current collector may be a grid Such as a mesh grid, an 
expanded metal grid, a photochemically etched grid, or the 
like. 

0032. The current collector 212 has a layer of active mate 
rial 216 provided thereon (e.g., coated on the current collec 
tor). While FIG. 2 shows that the active material 216 is pro 
vided on only one side of the current collector 212, it should 
be understood that a layer of active material similar or iden 
tical to that shown as active material 216 may be provided or 
coated on both sides of the current collector 212. 
0033 According to an exemplary embodiment, the active 
material 216 is a material or compound that includes lithium. 
The lithium included in the active material 216 may be doped 
and undoped during discharging and charging of the battery, 
respectively. According to an exemplary embodiment, the 
active material 216 is lithium cobalt oxide (LiCoO). Accord 
ing to other exemplary embodiments, the active material may 
be provided as one or more additional materials. For example, 
the active material may be LiMnO, or a material having the 
formula LiCo, Ni-O, where X is between approximately 
0.05 and 0.8. According to another exemplary embodiment, 
the active material is a material of the form LiNiCo, Mn 
x-')O2 (e.g., LiNiaCosMnO2). According to another 
exemplary embodiment, the active material 216 is a metal 
doped variety of one of the aforementioned materials, such as 
a material of the form LiM,Co, Ni--O, where M is alu 
minum or titanium and x is between approximately 0.05 and 
0.3 and y is between approximately 0.1 and 0.3. 
0034) For certain applications, it may be desirable to pro 
vide a battery having a cell Voltage of greater than approxi 
mately 3 volts. In Such cases, a higher-Voltage active material 
may be utilized on the positive current collector, Such as a 
material in the form Li Co, Fe,Mn4Os (e.g., Li2Coo. 
4Fe,Mn2O). It is believed that such an active material 
may charge up to 5.2 Volts versus a lithium reference elec 
trode, making it possible to obtain an overall cell Voltage of up 
to approximately 3.7 volts. Other relatively high-voltage 
active materials that may be used for the positive electrode 
include LiCoPO, LiNiPO; LiCoPOF: Li Nio Li Mino 
6O2; and LiCo,Mn2O4 (e.g., LiCoos Mn2O4). 
0035. According to various other exemplary embodi 
ments, the active material may include a material Such as a 
material of the form Li MO, where M is a metal (e.g., 
LiCoO, LiNiO, and LiMnO), a material of the form Li 
w(M', M")O, where M and M" are different metals (e.g., 
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LiCrMn)O, Li(AllMn)O, Li (CoM)O where M 
is a metal, Li (CoNi)O, and Li (CoFe)O)), a material 
of the form Li(Mn, NiCo).O. (e.g., Li(Mn/NiaCos) 
O. Li(Mn/NiCo, Mg)O, Li(Mno Nio Coo)O. 
and Li(Mino. Nio Coos)O), a material of the form Li, 
(Mn, NiCo).O., a material of the form Li(Mn, Ni, 
Co-Ali).O., a material of the form Li(NiCo,Al).O. (e.g., 
LiONiosCoos Aloos)O2), a material of the form Li(Ni 
CoM)O, where M is a metal, a material of the form Li 
(Ni, Mn, M)O, where M is a metal, a material of the form 
Li(Ni, Mn, Cr)O, LiMnO, a material of the form 
LiM"M"O where M' and M" are different metals (e.g., 
LiMn. NiO, Li O, LiNiCuO LiMn. AlO, LiNio. 
5Tios Oa, and Lios Alo MinissOF), Li2MnOs, a material 
of the form Li, V.O. (e.g., LiVOs, LiV.O.s, and LiV-Os), a 
material of the form LiMPO, where M is a metal or 
LiM"M"PO, where M' and M" are different metals (e.g., 
LiFePO, LiFe,MPO, where M is a metal, LiVOPO, and 
LiV(PO), and LiMPO where M is a metal such as iron or 
Vanadium and X is a halogen such as fluorine, and combina 
tions thereof. 
0036) A binder material may also be utilized in conjunc 
tion with the layer of active material 216 to bond or hold the 
various electrode components together. For example, accord 
ing to an exemplary embodiment, the layer of active material 
may include a conductive additive Such as carbon black and a 
binder such as polyvinylidine fluoride (PVDF) or an elasto 
meric polymer. 
0037 According to an exemplary embodiment, the thick 
ness of the layer of active material 216 is between approxi 
mately 0.1 um and 3 mm. According to another exemplary 
embodiment, the thickness of the layer of active material 216 
is between approximately 25um and 300 um. According to a 
particular exemplary embodiment, the thickness of the layer 
of active material 216 is approximately 75um. 
0038. The negative electrode 220 includes a current col 
lector 222 that is made of a conductive material Such as a 
metal. According to an exemplary embodiment, the current 
collector 222 is aluminum or an aluminum alloy. One advan 
tageous feature of utilizing an aluminum or aluminum alloy 
current collector is that such a material is relatively inexpen 
sive and may be relatively easily formed into a current col 
lector. Other advantageous features of using aluminum or an 
aluminum alloy includes the fact that such materials may 
have a relatively low density, are relatively highly conductive, 
are readily weldable, and are generally commercially avail 
able. According to another exemplary embodiment, the cur 
rent collector 222 is titanium or a titanium alloy. According to 
another exemplary embodiment, the current collector 222 is 
silver or a silver alloy. 
0039 While the negative current collector 222 has been 
illustrated and described as being a thin foil material, the 
negative current collector may have any of a variety of other 
configurations according to various exemplary embodiments. 
For example, the positive current collector may be a grid Such 
as a mesh grid, an expanded metal grid, a photochemically 
etched grid, a metallized polymer film, or the like. 
0040. According to an exemplary embodiment, the thick 
ness of the current collector 222 is between approximately 
100 nm and 100 um. According to another exemplary 
embodiment, the thickness of the current collector 222 is 
between approximately 5 um and 25 Jum. According to a 
particular exemplary embodiment, the thickness of the cur 
rent collector 222 is approximately 10 um. 
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0041. The negative current collector 222 has an active 
material 224 provided thereon. While FIG. 3 shows that the 
active material 224 is provided on only one side of the current 
collector 222, it should be understood that a layer of active 
material similar or identical to that shown may be provided or 
coated on both sides of the current collector 222. 
0042. According to an exemplary embodiment, the nega 

tive active material 224 may be selected from materials hav 
ing an average potential that is less than or equal to approxi 
mately 0.4V versus Li/Li' (e.g., between approximately 0.2 
V and 0.4V versus Li/Li", or less than approximately 0.2V 
versus Li/Li"). Various examples are listed in Table 1 below. 

TABLE 1. 

Negative Active Materials 

Approximate Cycling 
Potentials (vs Li 

Class Compound Vmin Vmax Vavg 

Alloys Alloys comprising of Al, Si O.30 
or Sn and other elements 

Alloys Sn—Co—C O.30 
Alloys Sn-Sb O.O-1.O 
Alloys Si O.3 
Alloys Si–C O.3 

0043. According to an exemplary embodiment, instead of 
or in addition to selecting the negative active material 224 
according to potential, the negative active material 224 may 
be selected from materials that consume relatively large 
amounts of lithium during SEI formation. 
0044 According to an exemplary embodiment, instead or 
in addition to the criteria described above (e.g., potential, 
lithium consumption), the negative active material 224 may 
be selected from high surface area powders, which may allow 
high charge rate and high discharge power, but require addi 
tional lithium to form the SEI layer. 
0045. According to an exemplary embodiment, instead or 
in addition to the criteria described above, the negative active 
material 224 may be selected from high surface area materi 
als. Such as high Surface area carbonaceous or graphitic nega 
tive active materials, high Surface area alloys (e.g., Sialloy, or 
Sn alloy), high Surface area oxide based negative active mate 
rials (e.g., lithium titanate, hydrogen titanate, and their 
derivatives). For example, Such high Surface area materials 
may have a surface area of approximately 1 m/g. 
0046 According to an exemplary embodiment, instead or 
in addition to the criteria described above instead or addition 
ally, the negative active material 224 may be selected from 
materials that form relatively high amounts of SEI due to their 
Surface chemistry or structure. For example, the negative 
active material 224 may be a non-graphitic carbonaceous 
material. Such as hard carbons, soft carbons, or carbon nano 
tubes, which generally exhibit greater irreversible capacity 
than conventional low Surface area graphitic anodes. 
0047 According to an exemplary embodiment, instead or 
in addition to the criteria described above instead or addition 
ally, the negative active material 224 may be selected from 
materials that are susceptible to a relatively high degree Volu 
metric expansion and/or contraction during charge and dis 
charge, which can disrupt the SEI layer. For example, the 
negative active material 224 may be an alloy, Such as Sialloy, 
Sn alloy, or other suitable alloy material. 
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0048. A binder material may also be utilized in conjunc 
tion with the layer of active material 224. For example, 
according to an exemplary embodiment, the layer of active 
material may include a binder such as polyvinylidine fluoride 
(PVDF) or an elastomeric polymer. The active material 224 
may also include a conductive material Such as carbon (e.g., 
carbon black) at weight loadings of between Zero and ten 
percent to provide increased electronic conductivity. 
0049 According to various exemplary embodiments, the 
thickness of the active material 224 is between approximately 
0.1 um and 3 mm. According to other exemplary embodi 
ments, the thickness of the active material 224 may be 
between approximately 25 um and 300 um. According to 
another exemplary embodiment, the thickness of the active 
material 224 may be between approximately 20 um and 90 
um, and according to a particular exemplary embodiment, 
approximately 75um. 
0050. According to an exemplary embodiment, the 
lithium-ion battery 200 includes an auxiliary electrode 250 
having a current collector 252 with a lithium source material 
254. The auxiliary electrode 250 is configured to selectively 
couple to the negative electrode 220, such that lithium ions 
travel from the auxiliary electrode 250 and through the elec 
trolyte 240 to react, for example with decomposing solvents 
of the electrolyte 240, to generate an SEI layer on the negative 
electrode 220. 
0051. According to an exemplary embodiment, the 
lithium source material 254 is a material that may supply 
lithium for SEI generation. According to one exemplary 
embodiment, the lithium source material 254 is a lithium 
patch. According to other exemplary embodiments, the 
lithium source material 254 is another material having a 
potential versus Li/Li" that is less than that of the negative 
active material 224. Such as materials used as negative active 
material in primary lithium batteries, or another suitable 
material capable of supplying lithium for SEI formation. For 
example, the lithium source material 254 may be alloys of 
lithium with other elements, such as Li Al, Li Si, Li Sn, 
and the like. 

0052. As shown in FIG. 3, according to still other exem 
plary embodiments, a battery 300 includes a lithium source 
material 354 having a potential versus Li/Li" that is greater 
than that of the negative active material 324. Such as materials 
used as positive or negative active materials in lithium batter 
ies, or another Suitable material capable of Supplying lithium 
for SEI formation. For example, the lithium source material 
354 may positive active materials used for lithium-ion batter 
ies, such as LiCoO, LiCo, Ni-O, and the like. According 
to those embodiments having a lithium source material 354 
with a potential versus Li/Li" that is greater than that of the 
negative active material 322, the current collector 352 of the 
auxiliary electrode 350 may be coupled to the negative elec 
trode 320 by way of a voltage source 376 and a resistance 374. 
Selective coupling of the voltage source 376 may occur 
through selective application of the Voltage source 376 (e.g., 
by connecting the voltage source) or by way of a switch 372. 
The voltage source 376 may be positioned external to the case 
302 of the battery 300. According to other exemplary embodi 
ments, the battery 300 and the voltage source 376 coopera 
tively configured, such that the voltage source 376 is an 
external device that is configured to be coupled to the auxil 
iary electrode 350 only during formation or manufacturing of 
the battery 300 and/or may be configured to be used with 
multiple batteries 300. 
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0053 According to an exemplary embodiment, the auxil 
iary electrode 250 is formed by depositing or otherwise cou 
pling the lithium source material 254 to a current collector 
252. For example, according to one exemplary embodiment, 
the auxiliary electrode 250 is positioned within the case 202 
of the battery 200, such that the lithium source material 254 is 
positioned in contact with the electrolyte, such that when the 
auxiliary electrode 250 is selectively coupled to the negative 
electrode 220, the electrolyte acts as a medium through which 
the lithium ions may travel to the negative electrode 250 for 
SEI formation. According to other exemplary embodiments, 
the auxiliary electrode utilizes the case of the battery as a 
current collector. For example, as shown in FIG. 4, an auxil 
iary electrode 450 may include a lithium source material 454 
deposited on portion of a the case 402, which is neutral. In this 
manner, the lithium source material 454 is disposed inside the 
case 402 in contact with the electrolyte 440. As another 
example, an auxiliary electrode 550 may include a lithium 
source material 554 deposited on a current collector 552, the 
auxiliary electrode 550 being disposed in a secondary case 
504 outside the case 502 of the battery 500 but having the 
electrolyte 540 in communication through a pass-through, 
channel, conduit, passage, etc. 560 between the case 502 and 
secondary case 504. Note that in FIGS. 3-5, all reference 
numbers are increased by 100, 200, or 300, respectively, for 
comparable components to those of the battery 200 of FIG. 2. 
0054 According to the various exemplary embodiments 
shown in FIGS. 2-5, the auxiliary electrode is configured to 
selectively couple to the negative electrode according to vari 
ous methods and in various manners. While selective cou 
pling is discussed within the context of the exemplary 
embodiment shown in FIG. 2, the selective coupling may 
occur in the same or similar manners in other various exem 
plary embodiments. 
0055. The battery (or device in which the battery is 
installed) may include circuitry configured to couple the aux 
iliary electrode to the negative electrode and may include a 
lead, Switch, diode, resistance, Voltage source, controller, etc. 
For example, referring to FIG. 2, in embodiments having a 
lithium source material 254 with a potential versus Li/Li" that 
is less than that of the negative active material 224, the current 
collector 252 of the auxiliary electrode 250 may be coupled to 
the current collector 224 of the negative electrode 220 by way 
of a conductor 270 having a switch 272 and a resistance 274. 
The conductor 270 may be positioned within the case 202 of 
the battery 200 (as shown), or may be positioned external 
thereto. Selective coupling may, for example, be controlled 
according to software that causes the Switch to close upon 
occurrence of various criteria (discussed in further detail 
below). 
0056. According to an exemplary embodiment, the auxil 
iary electrode 250 and selective coupling of the auxiliary 
electrode 250 to the negative electrode 220 offer various 
advantages that include more flexible battery design param 
eters, selective SEI formation over the course of the useful life 
of a battery, and more control over the SEI formation process. 
0057 For example, because the auxiliary electrode 250 
provides a source of lithium for SEI formation other than the 
positive active material 212, more flexible battery design 
parameters may apply. That is, because the lithium source 
material 254 provides at least a portion of the lithium required 
for SEI formation, less lithium is required from the positive 
active material 212 and, hence, less positive active material 
212 is required for achieving a comparably performing bat 
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tery 200. Using less positive active material may be beneficial 
in various ways. First, less positive active material 212 may 
allow for a thinner positive electrode 210 and, hence, reduce 
Volume and/or mass of the electrode winding or stack. Sec 
ond, provided the lithium source material 254 is a denser 
Source of lithium than the positive active material (e.g., by 
volume and/or mass), use of the auxiliary electrode 250 may 
allow for a smaller and/or lighter battery 200 than could 
otherwise beachieved for a desired capacity, or could result in 
a battery 200 of the same size having a higher capacity. Third, 
because the auxiliary electrode 250 may be provided gener 
ally in a non-layered relationship (as is required of the posi 
tive electrode 210) and may otherwise be remote from the 
negative electrode 220 (e.g., by a feed through), greater flex 
ibility in battery geometry (e.g., the physical size, shape, 
weight distribution) is possible. Fourth, the lithium source 
material 254 may be a less expensive source of lithium for SEI 
formation than would be the positive active material 212, thus 
allowing for a less expensive battery. Additionally, providing 
a separate lithium source material may allow deviation from 
common design standards regarding cell balance (i.e., mass 
deposition ratio of the negative electrode versus the positive 
electrode) with less positive active material, while still main 
taining a desired negative- or positive-limited configuration 
and target crossing-potential for protection in deep discharge 
conditions. 

0058. Further, because the auxiliary electrode 250 may be 
selectively coupled to the negative electrode 220 at different 
times, SEI formation may occur selectively over the course of 
the useful life of the battery 200. As discussed above, a battery 
200 may be formed with a relatively thick SEI layer to protect 
against cracks and other irregularities that may develop in the 
SEI layer; however, a thicker SEI layer results in increased 
resistance of the battery. Advantageously, selective SEI for 
mation enabled by use of the auxiliary electrode 250 may 
allow for a thinner initial SEI layer (and decreased internal 
resistance) by enabling controlled SEI formation at a later 
point. 
0059 Also, as discussed above, SEI formation may ben 

efit from occur in a slow, controlled manner (i.e., time or rate 
of formation, Voltage, heat, etc.). By separating SEI forma 
tion, at least in part, from initial charging of the battery 200 
(i.e., SEI formation with lithium from the positive active 
material 212), SEI formation can be controlled generally 
independent of the parameters associated with charging the 
battery 200 (e.g., limitations of heat, Voltage, time, etc.) that 
might otherwise damage the battery 200). 
0060. The foregoing benefits and specific chemistry of 
each battery 200 in mind, the auxiliary electrode 250 and 
selective coupling of the auxiliary electrode 250 to the nega 
tive electrode 220 may be optimized in various manners. For 
example, the timing and frequency of selective coupling may 
occur immediately following initial charging of the battery 
200, at predetermined intervals (e.g., monthly, yearly, with 
each charging), upon detection of various conditions (e.g., 
number of charging cycles, low Voltage conditions, in-service 
duration, loading patterns, combinations thereof, etc.), upon 
occurrence of other situations (e.g., a device utilize the bat 
tery is accessed for service or repair), Suitable combinations 
thereof, etc. The duration of coupling may be for a predeter 
mined amount of time, an amount of time determined accord 
ing to detection of various conditions (e.g., number of charg 
ing cycles, low Voltage conditions, in-service duration, 
loading patterns, temperature, combinations thereof, etc.). 
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Various component parameters may also be optimized. Such 
as resistance (e.g., of the coupling resistance 272), Voltage 
(i.e., of the Voltage source if present), current (e.g., computa 
tion of the resistance 272 and voltage source), and the lithium 
Source material 254 (e.g., quantity, potential, lithium density, 
manufacturing characteristics, etc.). Each parameter may, for 
example, be optimized according to the battery 200 (e.g., 
Voltage, capacity, chemistry, useful life, etc.), as well as 
expected use of the battery (e.g., duration of expected use, 
expected number of charge/discharge cycles, accessible or 
inaccessible location, etc.). 
0061 According to an exemplary embodiment, the battery 
200 may include a coulometer that is configured to detect 
coulombic efficiency or charge/discharge capacity of the bat 
tery 200. The battery 200 may be configured to couple the 
auxiliary electrode 250 to the negative electrode 220 accord 
ing to changes in the coulombic efficiency or charge/dis 
charge capacity, such as when reaching a threshold value 
(e.g., approximately 15% lost capacity), upon reaching a 
threshold change (e.g., approximately 1% lost capacity), 
combinations thereof, and the like. Configured in these man 
ners, the auxiliary electrode 250 may be coupled to the nega 
tive electrode 220 to restore higher coulombic efficiency or 
higher cell capacity. 
0062 According to an exemplary embodiment, a method 

is provided for forming an SEI layer. The method generally 
includes steps of providing a lithium-ion battery (Step 601), 
initial charging of the battery (Step 602), coupling the auxil 
iary electrode to the negative electrode (Step 603), and decou 
pling the auxiliary electrode from the negative electrode (Step 
604). The step of providing a lithium-ion battery (601) 
includes providing a lithium-ion battery having a positive 
electrode, a negative electrode, and an auxiliary electrode 
having a lithium source material, the auxiliary electrode 
being configured to selectively couple to the negative elec 
trode. The step of initial charging the battery (602) includes 
coupling the positive electrode to the negative electrode with 
a Voltage source. During the initial charging step, an SEI layer 
is formed on the negative electrode with lithium from the 
positive electrode. The step of coupling the auxiliary elec 
trode to the negative electrode (603) includes coupling the 
auxiliary electrode to the negative electrode with a circuit that 
may include a Switch, resistance, and/or Voltage source. Dur 
ing the coupling step, SEI is formed on the negative electrode 
with lithium from the auxiliary electrode. Further, the step of 
coupling the auxiliary electrode to the negative electrode 
(603) may instead, or additionally, occur before or during the 
charging step (602). The step of decoupling the auxiliary 
electrode from the negative electrode (604) includes opening 
the Switch or otherwise opening the circuit or breaking the 
electrical connection between the auxiliary electrode and the 
negative electrode. Subsequent to decoupling, formation of 
the SEI layer with lithium from the auxiliary electrode does 
not OCCur. 

0063 As shown in FIG. 6, according to an exemplary 
embodiment, the method of forming an SEI layer may further 
include steps of discharging the battery (Step 605), coupling 
the auxiliary electrode to the negative electrode (Step 606), 
and decoupling the auxiliary electrode from the negative elec 
trode (Step 607). The discharge step (605) generally includes 
at least partially discharging the battery (e.g., by coupling the 
positive and negative electrodes to a load, which draws cur 
rent from the battery and causes lithium ions to transfer from 
the negative electrode to the positive electrode). The step of 
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Subsequently coupling the auxiliary electrode to the negative 
electrode (606) includes coupling the auxiliary electrode to 
the negative electrode with the circuit, such that an SEI layer 
is formed on the negative electrode with additional lithium 
from the auxiliary electrode. Further, the selective coupling 
may occur only after discharging the battery (605) (i.e., not 
perform the coupling (603) prior to discharge), such that the 
portion of the SEI layer having lithium of the auxiliary elec 
trode if formed only after discharge (604). The step of decou 
pling the auxiliary electrode from the negative electrode 
(607) includes opening the switch or otherwise opening the 
circuit or breaking the electrical connection Such that forma 
tion of the SEI layer with lithium from the auxiliary electrode 
does not occur. 

0064. According to various exemplary embodiments, the 
auxiliary electrode 250 is coupled to the negative electrode 
220 prior to use of the battery 200. For example, the battery 
200 may be charged until reaching a desired cutoff voltage 
(e.g., approximately 4.1 V), and immediately thereafter or 
prior to use of the battery 200, the auxiliary electrode 250 is 
coupled to the negative electrode 220 until the negative elec 
trode 220 reaches a desired cutoff voltage (e.g., 0.05 V versus 
Li/Li"). According to another exemplary embodiment, the 
battery 200 is charged until reaching a desired cutoff voltage, 
and immediately after charging or prior to use of the battery 
200, the auxiliary electrode 250 is coupled to the negative 
electrode 220 until a capacity or amount of lithium approxi 
mately equivalent to the known or predicted irreversible 
capacity of the negative electrode 220 is delivered (e.g., 
approximately 15% of the negative capacity). According to 
another exemplary embodiment, the auxiliary electrode 250 
is coupled to the negative electrode 220 until capacity or 
amount of lithium approximately equivalent to the known or 
predicted irreversible capacity of the negative electrode 220 is 
delivered (e.g., approximately 15% of the negative capacity), 
and subsequently, the battery 200 is charged until the cell 
reaches a desired cutoff Voltage. 
0065 According to various exemplary embodiments, the 
auxiliary electrode 250 is coupled to the negative electrode 
220 after use of the battery (i.e., for later stage SEI formation). 
For example, the auxiliary electrode 250 may be coupled to 
the negative electrode 220 for a duration sufficient to deliver 
a known or predicted amount of capacity or lithium that has 
been lost (e.g., approximately 1% of negative capacity). Cou 
pling may occur at a measured duration from since a first 
discharge cycle (e.g., one year), at weekly/monthly/annual 
intervals, or upon occurrence or detection of certain condi 
tions, such as 50 charge/discharge cycles, 10% lost capacity, 
etc. Criteria, Such as time, discharge cycles, etc. that have 
predictable effects on the SEI may be particularly suited for 
determining if and when to couple the auxiliary electrode 
when degradation of the SEI is more predictable (e.g., with Si 
alloy negative active materials that may be susceptible to 
degradation of the SEI from expansion/contraction). 
0066. The batteries and formation methods described in 
the present application may find utility in a variety of appli 
cations, including in implantable medical devices (IMDS). 
FIG. 7 illustrates a schematic view of a system 800 (e.g., an 
implantable medical device) implanted within a body or torso 
832 of a patient 830. The system 800 includes a device 810 in 
the form of an implantable medical device that for purposes of 
illustration is shown as a defibrillator configured to provide a 
therapeutic high voltage (e.g., 700 volt) treatment for the 
patient 830. 



US 2013/01 49560 A1 

0067. The device 810 includes a container or housing 818 
that is hermetically sealed and biologically inert according to 
an exemplary embodiment. The container may be made of a 
conductive material. One or more leads 816 electrically con 
nect the device 810 and to the patients heart 820 via a vein 
822. Electrodes 817 are provided to sense cardiac activity 
and/or provide an electrical potential to the heart 820. At least 
a portion of the leads 816 (e.g., an end portion of the leads 
shown as exposed electrodes 817) may be provided adjacent 
or in contact with one or more of a Ventricle and an atrium of 
the heart 820. 

0068. The device 810 includes a battery 880 according to 
an exemplary embodiment provided thereinto provide power 
for the device 810. The size and capacity of the battery 880 
may be chosen based on a number of factors, including the 
amount of charge required for a given patient’s physical or 
medical characteristics, the size or configuration of the 
device, and any of a variety of other factors. According to an 
exemplary embodiment, the battery is a 5 mAh battery. 
According to another exemplary embodiment, the battery is a 
300 mAh battery. According to various other exemplary 
embodiments, the battery may have a capacity of between 
approximately 1 and 1000 mAh. 
0069. According to other exemplary embodiments, more 
than one battery may be provided to power the device 810. In 
Such exemplary embodiments, the batteries may have the 
same capacity or one or more of the batteries may have a 
higher or lower capacity than the other battery or batteries. 
For example, according to an exemplary embodiment, one of 
the batteries may have a capacity of approximately 500 mAh 
while another of the batteries may have a capacity of approxi 
mately 75 mAh. 
0070 According to an exemplary embodiment, the battery 
may be configured such that it may be charged and recharged 
using an inductive charging system in which a primary or 
external coil is provided at an exterior surface of a portion of 
the body (either proximate or some distance away from the 
battery) and a secondary or internal coil is provided below the 
skin adjacent the primary coil. 
0071. According to another exemplary embodiment 
shown in FIG. 8, an implantable neurological stimulation 
device 900 (an implantable neuro stimulator or INS) may 
include a battery 902 such as those described above with 
respect to the various exemplary embodiments. Examples of 
Some neuro stimulation products and related components are 
shown and described in a brochure titled “Implantable Neu 
rostimulation Systems’ available from Medtronic, Inc. 
0072 An INS generates one or more electrical stimulation 
signals that are used to influence the humannervous system or 
organs. Electrical contacts carried on the distal end of a lead 
are placed at the desired stimulation site such as the spine or 
brain and the proximal end of the lead is connected to the INS. 
The INS is then surgically implanted into an individual such 
as into a subcutaneous pocket in the abdomen, pectoral 
region, or upper buttocks area. A clinician programs the INS 
with a therapy using a programmer. The therapy configures 
parameters of the stimulation signal for the specific patients 
therapy. An INS can be used to treat conditions such as pain, 
incontinence, movement disorders such as epilepsy and Par 
kinson's disease, and sleep apnea. Additional therapies 
appear promising to treat a variety of physiological, psycho 
logical, and emotional conditions. Before an INS is implanted 
to deliver a therapy, an external screener that replicates some 
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or all of the INS functions is typically connected to the patient 
to evaluate the efficacy of the proposed therapy. 
0073. The INS 900 includes a lead extension 922 and a 
stimulation lead 924. The stimulation lead 924 is one or more 
insulated electrical conductors with a connector 932 on the 
proximal end and electrical contacts (not shown) on the distal 
end. Some stimulation leads are designed to be inserted into a 
patient percutaneously, such as the Model 3487A Pisces 
QuadR) lead available from Medtronic, Inc. of Minneapolis 
Minn., and stimulation some leads are designed to be Surgi 
cally implanted, such as the Model 3998 Specify lead also 
available from Medtronic. 

0074 Although the lead connector 932 can be connected 
directly to the INS900 (e.g., at a point 936), typically the lead 
connector 932 is connected to a lead extension 922. The lead 
extension 922, such as a Model 7495 available from 
Medtronic, is then connected to the INS 900. 
(0075 Implantation of an INS 900 typically begins with 
implantation of at least one stimulation lead 924, usually 
while the patient is under a local anesthetic. The stimulation 
lead 924 can either be percutaneously or surgically 
implanted. Once the stimulation lead 924 has been implanted 
and positioned, the stimulation leads 924 distal end is typi 
cally anchored into position to minimize movement of the 
stimulation lead 924 after implantation. The stimulation 
leads 924 proximal end can be configured to connect to a lead 
extension 922. 

(0076. The INS 900 is programmed with a therapy and the 
therapy is often modified to optimize the therapy for the 
patient (i.e., the INS may be programmed with a plurality of 
programs or therapies such that an appropriate therapy may 
be administered in a given situation). 
0077. A physician programmer and a patient programmer 
(not shown) may also be provided to allow a physician or a 
patient to control the administration of various therapies. A 
physician programmer, also known as a console programmer, 
uses telemetry to communicate with the implanted INS 900, 
so a clinician can program and manage a patients therapy 
stored in the INS 900, troubleshoot the patient’s INS system, 
and/or collect data. An example of a physician programmer is 
a Model 7432 Console Programmer available from 
Medtronic. A patient programmer also uses telemetry to com 
municate with the INS 900, so the patient can manage some 
aspects of her therapy as defined by the clinician. An example 
of a patient programmer is a Model 7434 Itrel(R) 3 EZ Patient 
Programmer available from Medtronic. 
0078. According to an exemplary embodiment, a battery 
provided as part of the INS 900 may be configured such that 
it may be charged and recharged using an inductive charging 
system in which a primary or external coil is provided at an 
exterior surface of a portion of the body (either proximate or 
Some distance away from the battery) and a secondary or 
internal coil is provided below the skin adjacent the primary 
coil. 

(0079 While the medical devices described herein (e.g., 
systems 800 and 900) are shown and described as a defibril 
lator and a neurological stimulation device, it should be 
appreciated that other types of implantable medical devices 
may be utilized according to other exemplary embodiments, 
Such as pacemakers, cardioverters, cardiac contractility mod 
ules, drug administering devices, diagnostic recorders, 
cochlear implants, and the like for alleviating the adverse 
effects of various health ailments. 



US 2013/01 49560 A1 

0080. It is also contemplated that the medical devices 
described herein may be charged or recharged when the medi 
cal device is implanted within a patient. That is, according to 
an exemplary embodiment, there is no need to disconnect or 
remove the medical device from the patient in order to charge 
or recharge the medical device. 
0081. It is important to note that the construction and 
arrangement of the batteries and cells and the methods for 
forming Such batteries as shown and described in the various 
exemplary embodiments is illustrative only. Although only a 
few embodiments have been described in detail in this dis 
closure, those skilled in the art who review this disclosure will 
readily appreciate that many modifications are possible with 
out materially departing from the novel teachings and advan 
tages of the Subject matter recited in the claims. Accordingly, 
all such modifications are intended to be included within the 
Scope of the present invention as defined in the appended 
claims. The order or sequence of any process or method steps 
may be varied or re-sequenced according to other exemplary 
embodiments. Other Substitutions, modifications, changes, 
and omissions may be made in the design, operating condi 
tions, and arrangement of the various exemplary embodi 
ments without departing from the scope of the present inven 
tions as expressed in the appended claims. 
What is claimed is: 
1. An auxiliary electrode for a lithium-ion battery, the 

auxiliary electrode comprising: 
a lithium source material; 
wherein the auxiliary electrode is configured to selectively 

couple to a negative electrode of a lithium-ion battery to 
provide lithium for formation of a solid-electrolyte-in 
ter-phase layer. 

2. The auxiliary electrode of claim 1, wherein the auxiliary 
electrode is configured to selectively couple to a negative 
electrode during a formation process of a battery. 

3. The auxiliary electrode of claim 2, wherein the auxiliary 
electrode is configured to selectively couple to a negative 
electrode after a charging process of a battery. 

4. The auxiliary electrode of claim 1, wherein the auxiliary 
electrode is configured to selectively couple to a negative 
electrode after a discharge of a battery. 

5. The auxiliary electrode of claim 1, wherein the auxiliary 
electrode is a lithium patch. 

6. The auxiliary electrode of claim 1, wherein the lithium 
Source material has a potential versus Li/Li" that is greater 
than a potential versus Li/Li of an active material of a nega 
tive electrode. 

7. The auxiliary electrode of claim 1, wherein the lithium 
source material has a potential versus Li/Li" that is less than 
a potential versus Li/Li of an active material of a negative 
electrode. 

8. A lithium-ion battery comprising: 
a negative electrode: 
a positive electrode; and 
an auxiliary electrode: 
wherein the auxiliary electrode includes a lithium source 

material, and the auxiliary electrode is configured to 
selectively couple to the negative electrode to provide 
lithium for formation of a solid-electrolyte-inter-phase 
layer on the negative electrode. 

9. The lithium-ion battery of claim 8 wherein lithium may 
travel from the auxiliary electrode to the negative electrode 
through an electrolyte. 
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10. The lithium-ion battery of claim 9 further comprising a 
case, wherein the negative electrode, the auxiliary electrode, 
and the electrolyte are disposed within the case. 

11. The lithium-ion battery of claim 9 wherein the negative 
electrode and at least a first portion of the electrolyte are 
disposed within a first case, the auxiliary electrode and a 
second portion of the electrolyte are disposed within a second 
case, and the first case and second case are in fluid commu 
nication by a pass-through, Such that lithium may travel from 
the auxiliary electrode through the electrolyte to the negative 
electrode. 

12. The lithium-ion battery of claim 8, wherein the lithium 
source material has a potential versus Li/Li" that is less than 
a potential versus Li/Li of an active material of the negative 
electrode. 

13. The lithium-ion battery of claim 8, wherein the lithium 
Source material has a potential versus Li/Li" that is greater 
than a potential versus Li/Li of an active material of a nega 
tive electrode. 

14. The lithium-ion battery of claim 8, wherein a circuit 
having a switch extends from the auxiliary electrode to the 
negative electrode, and wherein the auxiliary electrode is 
selectively coupled to the negative electrode by closing the 
switch. 

15. The lithium-ion battery of claim 14 further comprising 
a case, wherein the auxiliary electrode, the negative electrode, 
and the Switch are disposed inside the case. 

16. The lithium-ion battery of claim 15, wherein the circuit 
includes a resistance. 

17. The lithium-ion battery of claim 14, wherein the circuit 
includes a Voltage source. 

18. The lithium-ion battery of claim 17 further comprising 
a case, wherein the auxiliary electrode, the negative electrode, 
the Switch, and the Voltage source are disposed outside the 
CaSC. 

19. The lithium-ion battery of claim 8, wherein the auxil 
iary electrode is configured to selectively couple to the nega 
tive electrode during a formation process of the battery. 

20. The lithium-ion battery of claim 19, wherein the aux 
iliary electrode is coupled to the negative electrode after an 
initial charging process of the battery, and wherein the elec 
trode is coupled to the negative electrode with a circuit having 
a Voltage source and a resistance. 

21. The lithium-ion battery of claim 8, wherein the auxil 
iary electrode is configured to selectively couple to the nega 
tive electrode after a discharge of the battery. 

22. The lithium-ion battery of claim 21, wherein the aux 
iliary electrode is configured to selectively couple to the nega 
tive electrode with a circuit having a resistance. 

23. The lithium-ion battery of claim 22, wherein the circuit 
includes a Voltage source. 

24. A method for forming a solid electrolyte interface in a 
lithium-ion battery comprising: 

providing a lithium-ion battery having a positive electrode, 
a negative electrode, and an auxiliary electrode having a 
lithium source material, the electrodes being in contact 
with a common electrolyte; 

charging the battery by coupling the positive electrode to 
the negative electrode with a Voltage source, such that 
lithium from the positive electrode forms at least a por 
tion of a solid electrolyte interface on the negative elec 
trode; and 
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coupling the auxiliary electrode to the negative electrode, 
such that lithium from the auxiliary electrode forms 
another portion of the solid electrolyte interface on the 
negative electrode. 

25. The method of claim 24, wherein coupling of the aux 
iliary electrode to the negative electrode occurs during a 
formation process of the battery prior to an initial discharge of 
the battery. 

26. The method of claim 24, wherein coupling of the aux 
iliary electrode to the negative electrode occurs after an initial 
discharge of the battery. 

27. The method of claim 26, wherein coupling of the aux 
iliary electrode to the negative electrode is configured to 
occur at regular intervals. 

28. The method of claim 24, wherein coupling of the aux 
iliary electrode to the negative electrode occurs prior to charg 
ing the battery. 

29. The method of claim 24, wherein coupling of the aux 
iliary electrode to the negative electrode includes coupling a 
Voltage source to the negative electrode and the auxiliary 
electrode. 

30. The method of claim 24, wherein coupling of the aux 
iliary electrode to the negative electrode includes coupling a 
resistance to the negative electrode and the auxiliary elec 
trode. 
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