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GAS PHASE DEPOSITION OF BATTERY 
SEPARATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application Nos. 61/161,740, filed Mar. 19, 2009, 
61/168,194, filed Apr. 9, 2009, and 61/226,217, filed Jul. 16, 
2009, the entirety of each of which is hereby incorporated by 
reference. 

BACKGROUND 

0002 1. Field 
0003 Embodiments of the present disclosure relate to bat 
tery separators. In particular, further embodiments relate to 
deposition of battery separators. 
0004 2. Description of the Related Art 
0005. A battery typically includes a separator and/or elec 
trolyte between an anode and a cathode. FIG. 1 illustrates a 
separator 13 sandwiched between an anode 14 and a cathode 
12. FIG. 1 further illustrates a load 11 electrically connected 
to the anode 14 and the cathode 12 to form a battery 10 in a 
discharge configuration. The load can be replaced with a 
charger to have the battery 10 in a charging configuration. In 
one class of batteries, the separator is generally a film mate 
rial, made of an electrically insulating polymer that prevents 
electrons from flowing from anode to cathode. Separators are 
porous to allow ions to pass through the separator. Typically, 
the separator, cathode and anode materials are individually 
formed into sheets, films, or active material coated foils. 
Sheets of the cathode, separator and anode are Subsequently 
stacked or rolled with the separator separating the cathode 
and anode to form the battery. A separator in prior art batteries 
is a sheet and therefore, is limited to specific manufacturing 
methods (e.g., mainly winding methods and stacking). In 
these methods, the anodes and cathodes (e.g., electrodes) are 
usually films. 

SUMMARY 

0006. In certain embodiments, a method of making a bat 
tery separator includes gas phase depositing a composition 
onto an electrode. The composition comprising a first com 
ponent selected from the group consisting of polymers, 
dimers and monomers, and a second component selected 
from the group consisting of polymers, dimers and mono 
mers. The first component being different than the second 
component. The first component and the second component 
each form separate polymer phases and togetherform a layer. 
The method further includes removing at least a portion of the 
second component to form a porous separator layer. In certain 
embodiments, the method further includes activating a first 
dimer and pyrolysing the first dimer to form the first compo 
nent, and activating a second dimerand pyrolysing the second 
dimer to form the second component. 
0007. In further embodiments, a method of making a bat 
tery separator includes gas phase depositing a composition 
onto an electrode. The composition comprising a first com 
ponent selected from the group consisting of polymers, 
dimers and monomers. The method further includes forming 
a first polymer from the first component to form a layer 
comprising the first polymer and a second component 
selected from the group consisting of by-products and 
remaining portions of the first component from the forming 

Oct. 7, 2010 

the first polymer. The method also further includes removing 
at least a portion of the second component to form a porous 
separator layer. 
0008. In one embodiment, a method of making a battery 
separator includes forming a first layer onto an electrode, the 
first layer comprisingaporous template, and gas phase depos 
iting a first component into the porous template. The porous 
template can include a removable material. The first compo 
nent selected from the group consisting of polymers, dimers 
and monomers. The method further includes removing at 
least a portion of the porous template to form a porous sepa 
rator layer comprising the first component. 
0009. In some embodiments, a method of making a battery 
separator includes gas phase depositing a composition onto 
an electrode. The composition comprises a precursor and a 
foaming agent. The method further includes evaporating the 
foaming agent to foam the precursor, and polymerizing the 
precursor to form a porous separator layer. 
0010. In an embodiment, a battery separator having a gas 
phase deposited porous separator is provided. In some 
embodiments, the porous separator has an open cell structure. 
In further embodiments, the porous separator comprises 
parylene. 
0011. In one embodiment, a battery separator includes a 
gas phase deposited nonporous separator, wherein the non 
porous separator can absorb a liquid electrolyte is provided. 
In Some embodiments, the nonpourous separator can be 
gelled. 
0012. In another embodiment, a battery includes a gas 
phase deposited separator deposited on an electrode is pro 
vided. The gas phase deposited separator can be a polymer. 
The electrode can be a material that reacts with or absorbs 
ions. In some embodiments, the electrode comprises carbon. 
The battery can be a lithium ion battery or a fluoride battery. 
In some embodiments, the gas phase deposited separator 
comprises an open cell structure. 
0013. In a further embodiment, a battery electrode and 
separator includes an electrode comprising at least one cavity 
or protrusion on at least one surface of the electrode. The 
cavity or protrusion can have a length greater than about 5 
mils and at least one width that is less than about 5 mils. The 
battery electrode and separator further includes a substan 
tially conformal separator layer gas phase deposited onto a 
Surface of the at least one cavity or protrusion. In certain 
embodiments, the length of the cavity or protrusion is 
between about 5 and 100 mils, and theat least one width of the 
cavity or protrusion is between about 1 and 5 mils. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 illustrates a separator sandwiched between 
an anode and a cathode to form a battery. 
0015 FIG. 2 illustrates a separator deposited onto a com 
plex shaped first electrode with a second electrode deposited 
onto or sandwiched against the separator to form a battery. 
0016 FIG. 3 illustrates one embodiment of a separator 
deposition process. 
0017 FIG. 4 illustrates pyrolysis of di-para-xylylene to 
form para-xylylene and Subsequent polymerization of para 
Xylylene. 
0018 FIG. 5 illustrates a porous separator deposited on a 
substrate. 
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0019 FIG. 6 illustrates a conformal porous separator 
deposited on a non-planar Substrate. 

DETAILED DESCRIPTION 

0020. To be able to build a battery with film type elec 
trodes and/or more complex shaped electrodes, another tech 
nique to produce the separator is described herein. By using a 
complex shaped electrode, the electrode may not need to be 
rolled as in a conventional wound battery to provide sufficient 
surface area between the electrodes and the separator. There 
fore, electrode materials that may not have sufficient deform 
ability to be able to be rolled may be used. For example, 
carbon in a solid form (e.g. not carbon powder with a binder) 
can be used. In some embodiments, the separator is deposited 
onto an electrode (e.g. cathode or anode). Advantageously, a 
deposited separator can be deposited on complex shaped 
electrodes. For example, FIG. 2 illustrates a separator 23 that 
can be deposited onto a complex shaped first electrode that 
including either an anode 24 or a cathode 22. A second elec 
trode can be deposited onto the separator 23 or can be sand 
wiched against the separator 23. For example, the first elec 
trode can have a deposited separator 23 which can then be 
fitted, mated, or coupled together with the second electrode. 
The first electrode and second electrode can be configured to 
sandwich the separator when fitted, mated, or coupled 
together. A battery 20 can be formed from the separator 23, 
anode 24 and cathode 22. Furthermore, the battery can be put 
into a discharge configuration by putting a load 21 into elec 
trical communication with the anode 24 and cathode 22 or can 
be put into a charge configuration by putting a charger into 
electrical communication with the anode 24 and cathode 22. 

0021. The parameters of deposition can be adjusted to 
deposit a separator with porosity. The porosity of the separa 
tor can be adjusted for optimal performance of the battery. For 
example, the morphology, size, shape, Volume percent, etc. 
can be adjusted. In one embodiment, the separator has an 
open cell structure. In some embodiments, gas phase deposi 
tion can be used to deposit the separator. The separator can be 
a separator in a lithium ion battery or a fluoride ion battery. In 
Some embodiments, the anode can be a material that reacts 
with or absorbs ions (e.g. battery active material). In one 
embodiment, carbon can be used as the anode and the sepa 
rator can be deposited directly on the carbon. Depositing 
paraxylylene film on carbon is discussed in United States 
Patent Publication No. 2008/0241593. Some embodiments 
include depositing a polymer that is any of one or more of the 
group of polymers, dimers or monomers which can be depos 
ited in a conformal coating by vapor deposition, chemical 
vapor deposition, initiated chemical vapor deposition, fumed 
deposition, etc. Process parameters can be selected to pro 
duce a conformal separator layer on a non-planar Surface. 
0022. In some embodiments, the battery includes a liquid 
or gel electrolyte. The separator preferably does not dissolve 
in typical battery electrolytes Such as compositions that 
include: Ethylene Carbonate (EC), Propylene Carbonate 
(PC), Dimethyl Carbonate (DMC), Ethyl Methyl Carbonate 
(EMC), Diethyl Carbonate (DEC), etc. with dissolved LiBF, 
LiAsF LiPF, and LiCIO etc. In some embodiments, the 
separator is wet or soaked with a liquid or gel electrolyte. In 
addition, the separator preferably does not melt below about 
100 to 120° C. The separator should also have sufficient 
mechanical properties. A battery, in operation, can experience 
expansion and contraction of the anode and/or the cathode. 
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Preferably, the separator can expand and contract by at least 
about 5 to 10% without failing. The separator can also be 
flexible. 

0023. In some embodiments, the separator is a polymer. In 
one embodiment, the separator is parylene. The parylene can 
be any of the various types such as for example parylene N. 
parylene C, parylene D, parylene F, etc. As illustrated in FIG. 
3, gas phase deposition 100 of the polymer can be done by 
first activating, block 101, a dimer Such as di-para-xylylene 
201 as illustrated in FIG. 2. Activation can be performed at 
about 170 to 200° C. so that the dimer vaporizes (e.g. subli 
mation). The vaporized dimer then is cleaved by pyrolysis, 
block 102, to form monomers such as para-xylylene 202 as 
illustrated in FIG. 2. Cleaving of the dimer can be done in a 
pyrolysis furnace at about 600 to 700° C. and typically at 
about 675°C. The monomer is then deposited, block 103, on 
a Substrate surface and can chemically react with other mono 
mers to form a polymer Such as poly-para-xylylene 203 as 
illustrated in FIG. 4. Advantageously, depositing the separa 
tor allows the Substrate (e.g. electrode) to have complex 
shapes. Examples of parylene deposition techniques are dis 
cussed in J. B. Fortin et al., “A Model for the Chemical Vapor 
Deposition of Poly(para-xylylene) (Parylene) Thin Films.” 
Chem. Mater. 2002, 14, 1945-1949 and U.S. Pat. No. 6,946, 
406. 

0024. The parameters of deposition can be adjusted to 
change the porosity and uniformity of the deposited separator. 
The separator should be sufficiently porous so that ions can 
pass through the separator once wet with, for example, a 
liquid or gel electrolyte. Alternatively, the separator could 
absorb the electrolyte through a gelling or other process even 
without significant porosity. In one embodiment, the separa 
tor does not have significant porosity, but can be gelled or 
otherwise absorb a liquid electrolyte. In another embodiment, 
the separator has no porosity, but can be gelled or otherwise 
absorb a liquid electrolyte. On the other hand, a porous sepa 
rator should also not be too porous to allow the anode and 
cathode to transfer electrons through the separator. To deposit 
a porous polymer layer, a number of techniques can be used. 
For example, oblique angle deposition techniques (e.g. glanc 
ing angle deposition) can be used to form a columnar struc 
ture. Another technique involves depositing with the Substrate 
at relatively low temperatures (e.g. below room temperature). 
Examples of depositing Parylene-N films at liquid nitrogen 
temperatures are discussed in J. Erjavec et al., “Novel 
Parylene-N films deposited at liquid nitrogen temperatures.” 
Materials Letters 39 (1999) 339-342. Other parameters of the 
deposition process can be adjusted Such as the composition of 
the deposited polymer and the deposition temperature. The 
composition and/or deposition temperature can be varied dur 
ing deposition. Deposition temperatures can include for 
example, atmospheric temperature, Substrate temperature, 
pyrolysis temperature, etc. In one embodiment, at least one 
deposition temperature is raised during deposition, and in 
another embodiment, at least one deposition temperature is 
lowered during deposition. The atmosphere in the deposition 
chamber can also be adjusted. For example, the level of 
vacuum or the amount of pressure can be adjusted. In one 
embodiment, deposition is done in a relatively low pressure 
(e.g. Vacuum or below atmospheric pressure). In some 
embodiments, a gas is used. In one embodiment, the gas in the 
chamber can be a relatively inert gas (e.g. argon). In some 
embodiments, the deposition pressure is relatively high (e.g. 
above atmospheric pressure). In additional embodiments, the 
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deposition rate is adjusted. In one embodiment, the deposi 
tion rate is increased during deposition, and in another 
embodiment, the deposition rate is decreased during deposi 
tion. 

0025. In some embodiments, more than one component 
are deposited together. A method of making a battery sepa 
rator can include gas phase depositing a composition onto an 
electrode. The composition can include a first component 
selected from the group consisting of polymers, dimers and 
monomers, a second component selected from the group 
consisting of polymers, dimers and monomers, and the first 
component being different than the second component. The 
first component and the second component each form sepa 
rate polymer phases and togetherformalayer. In one embodi 
ment, the concentration of one component is higher than 
another component. In some embodiments, the concentration 
of a component is varied relative to another component during 
deposition. In some embodiments, one or more components 
can be monomers. In one embodiment, both monomers are 
cleaved at similar temperatures so that the monomers can be 
formed in the same step. In another embodiment, the mono 
mers can be cleaved in separate steps and mixed during depo 
sition. Parylene, in some embodiments, can be deposited with 
dibenzyl or stilbene. Parylene, dibenzyl and stilbene all 
cleave at similar temperatures. In one embodiment, concen 
tration of parylene is lower than dibenzyl or stilbene. In 
another embodiment, concentration of parylene is higher than 
dibenzyl or stilbene. In certain embodiments, a method 
includes activating a first dimer and pyrolysing the first dimer 
to form the first component, and activating a second dimer 
and pyrolysing the second dimer to form the second compo 
nent. After deposition, one of the two deposited components 
can be removed to form a porous polymer layer. In certain 
embodiments, a method includes removing at least a portion 
of the second component to form a porous separator layer. For 
example, the component to be removed can be dissolved in a 
Solvating Solution and/or removed by other chemical or 
mechanical processes. Alternatively, the pressure around the 
components can be increased (e.g. decrease vacuum). In one 
embodiment, dibenzyl or stilbene is removed to leave a 
parylene porous separator. An example of depositing two 
different monomers to form a porous layer is discussed in 
United Staes Patent Publication No. 2006/0046044. 

0026. In further embodiments, a method of making a bat 
tery separator includes gas phase depositing a composition 
onto an electrode. The composition can include a first com 
ponent selected from the group consisting of polymers, 
dimers and monomers. In another embodiment, only one 
dimer type is used. The method can include forming a first 
polymer from the first component to form a layer comprising 
the first polymer and a second component selected from the 
group consisting of by-products and remaining portions of 
the first component from the forming the first polymer. Dur 
ing pyrolsis of the dimers, not all dimers are cleaved to form 
monomers and/or monomers further decompose into 
by-products. The dimers and by-products deposit with the 
monomers. The method can include removing at least a por 
tion of the second component to form a porous separator 
layer. For example, the deposited layer can be Subsequently 
heat treated to release the dimers and by-products to form a 
porous structure. Examples of forming porous layers are dis 
cussed in Y. S. Yeh et al., “Polymerization of Para-xylylene 
Derivatives' J. Polymer Sci.: Part B: Polymer Physics, Vol. 
28, 545-568 (1990). In one embodiment, the pyrolsis tem 
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perature is relatively high (e.g. above about 675° C.). In 
another embodiment, the pyrolsis temperature is relatively 
low (e.g. below about 675° C.). 
0027. In some embodiments, a template approach can be 
used. A porous template layer can be deposited on a Substrate. 
A method of making a battery separator can include forming 
a first layer onto an electrode, the first layer includes a porous 
template, and gas phase depositing a first component into the 
porous template. The porous template can be a removable 
material. The first component can be selected from the group 
consisting of polymers, dimers and monomers. A polymer 
Such as parylene can be used to fill the porosity in the porous 
template layer. The method can further include removing at 
least a portion of the porous template to form a porous sepa 
rator layer comprising the first component. For example, the 
porous template layer can then be removed leaving a porous 
polymer layer. In some embodiments, the template layer is 
removed with a solution. In other embodiments, the template 
layer is removed by evaporation. The porous separator should 
substantially remain after removal of the template layer. 
0028. In one embodiment, the porous separator has an 
open cell structure. The open cell structure allows ions to 
transfer through the porous separator. An illustration of 
porous structure is shown in FIG. 5 where a porous separator 
301 is deposited on a substrate 302 and has porosity 303. 
Preferably, a porous separator has a conformal thickness. The 
porous separator should have a sufficiently conformal thick 
ness such that the electrochemical potential across the porous 
separator is substantially uniform. The overall thickness of 
the porous separator can also be selected based on properties 
and porosity of the separator. 
0029. An advantage of depositing a porous separator onto 
an electrode (e.g. cathode or anode) is that the electrode can 
have complex shapes. For example, FIG. 6 illustrates a con 
formal porous separator 401 deposited on non-planar Sub 
strate Surface 402. Advantageously, the deposition techniques 
described above can be used to produce a conformal porous 
separator or a Substantially conformal porous separator. In 
certain embodiments, the porous separator can have a Sub 
stantially uniform thickness. In certain embodiments, the 
electrode includes cavities (e.g., grooves, pores, and pits) 
and/or protrusions (e.g. bumps and ridges). A separator made 
from a film material may not be able to contact the electrode 
inside of the cavities and may not be able to contact the 
electrode on the protrusions and Valleys or depressions 
between protrusions. Advantageously, gas phase depositing a 
separator can deposit the separator onto the Surfaces within 
the cavities and onto protrusions and Valleys. For example, a 
separator can be gas phase deposited onto a rough Surface or 
a Surface with rigosity. In some embodiments, a battery elec 
trode and separator includes a Substantially conformal sepa 
rator layer gas phase deposited onto a Surface of the at least 
one cavity or protrusion. In certain embodiments, the cavity 
or protrusion has a length of at least about 5 mils (127 um) or 
a length of about 5 mils (127 um) to about 100 mils (2.54 
mm). The cavity or protrusion can also have a width. Further 
more, the width may be oblong. For example, the cavity or 
protrusion can have a first width larger than a second width 
Such as, for example, a groove or ridge. In certain embodi 
ments, the cavity or protrusion has at least one width that is 
less than about 100 mils (2.54 mm), at lest one width that is 
less than about 5 mils (127 um), or at least one width that is 
about 1 mil (25.4 um) to about 5 mils (127 um). In further 
embodiments, the length is larger than at least one width of 
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the cavity or protrusion. In certain embodiments, the cavities 
or protrusions have a smallest dimension less than 5 mils (127 
um) or between about 1 mil (25.4 m) to about 5 mils (127 
um). The Smallest dimension can include, for example, the at 
least one width or the length. In some embodiments, a Sub 
stantially planar Surface includes cavities in or protrusions on 
the surface. 

0030 Many additional deposition techniques can also be 
used to make a porous separator. In one embodiment, the 
porous separator is deposited by atomic layer deposition 
(ALD). Deposition by ALD has two or more precursors. A 
first precursor and a second precursor can be deposited in 
series. The deposition of the first precursor is self-limiting 
due to a self-terminating Surface reactions resulting in a single 
layer of the first precursor. A second precursor is deposited on 
the first precursor. The deposition of the second precursor is 
also self-limiting resulting in a single layer of the second 
precursor. Deposition of the first precursor and the second 
precursor can be repeated to produce a multi-layered struc 
ture comprising alternating layers of the first precursor and 
the second precursor. Typically, the deposition chamber is 
purged between deposition of the first precursor and deposi 
tion of the second precursor. An advantage of ALD is that the 
layer thickness can be substantially conformal. In some 
embodiments, the layer thickness is Substantially atomically 
conformal. Typical materials that can be deposited by ALD 
are oxides, metal nitrides, metals and metal Sulfides. In some 
embodiments, ALD is used to deposit on and/or in a porous 
template layer. The porous template layer can subsequently 
be removed to leave an ALD deposited porous separator. 
0031. In one embodiment, the porous separator is depos 
ited by plasma deposition. For example, silicon oxide (e.g. 
SiO) can be plasma deposited. A composition is injected into 
plasma. The composition can include one or more precursors. 
The precursor can be mixed with a gas before or during 
injection into the plasma. In some embodiments, the gas can 
be a relatively inert gas (e.g. argon). The precursor can be, for 
example, Bis(trimethylsilyl)amine (e.g. hexamethyldisila 
Zane or HMDS) or Bis(trimethylsilyl) oxide (e.g. Hexameth 
yldisiloxane or HMDSO). The plasma ionizes (e.g. dissoci 
ates) the precursor. The dissociated precursor can then be 
deposited onto a Substrate. An example of plasma deposition 
is discussed in J. Schafer et al., “Local deposition of SiO, 
plasma polymer films by miniaturized atmospheric pressure 
plasmajet (APPJ).J. Phys. D: Appl. Phys. 41 (2008) 194010. 
In Some embodiments, two or more precursors are introduced 
into the plasma together or sequentially. After the precursors 
are deposited, one or more precursors can be removed. The 
precursors to be removed can be dissolved in a Solvating 
Solution and/or removed by other chemical or mechanical 
processes. The remaining one or more precursors form a 
porous structure. In one embodiment, the composition 
injected into the plasma includes a concentration of one pre 
cursor greater than another precursor. In one embodiment, the 
concentration of the precursor to be removed is greater than 
the concentration of the precursor that will remain as the 
porous separator. In other embodiments, the concentration of 
the precursor to be removed is less than the concentration of 
the precursor that will remain. In another embodiment, the 
precursors are in equal concentrations. In one embodiment, 
the composition and/or deposition temperature is varied dur 
ing the plasma deposition. For example, at least one deposi 
tion temperature is raised ruing deposition, and in another 
example, at least one deposition temperature is lowered dur 
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ing deposition. The atmosphere in the deposition chamber 
can also be adjusted. For example, the level of vacuum or the 
amount of pressure can be adjusted. In one embodiment, 
deposition is done in a relatively low pressure (e.g. Vacuum or 
below atmospheric pressure). In some embodiments, the 
deposition pressure is relatively high (e.g. above atmospheric 
pressure). In additional embodiments, the deposition rate is 
adjusted. In one embodiment, the deposition rate is increased 
during deposition, and in another embodiment, the deposition 
rate is decreased during deposition. In some embodiments, 
plasma deposition is used to make a porous template layer. In 
other embodiments, plasma deposition is used to deposit on 
and/or in a porous template layer. 
0032. In one embodiment, the porous separator is depos 
ited by a droplet spray. The droplet spray can be airless or 
include air. In one embodiment, the size of the droplets are 
about 3 to 4.2 Lum. In another embodiment, the size of the 
droplets are less than about 5um. In a further embodiment, 
the size of the droplets are Small enough to get into topo 
graphical features of a Substrate. 
0033. In one embodiment, the porous separator is pro 
duced by depositing and foaming a composition. In some 
embodiments, a method of making a battery separator 
includes gas phase depositing a composition onto an elec 
trode. The composition comprises a precursor and a foaming 
agent. Deposition of the composition can be by, for example, 
thermal vapor deposition. The composition can include one 
or more precursors. In one embodiment, the precursor is a 
monomer. For example, the monomer can be a cyanoacrylate 
(e.g. ethyl-2-cyanoacrylate), methyl methacrylate (MMA), 
methyl vinyl ether or ethyl vinyl ether. In some embodiments, 
only one type of monomer is used as the precursor. In other 
embodiments, more than one type of monomer is used as the 
precursor. The composition can also include a solvent that the 
monomer can be dissolved in. For example, cyanoacrylate 
can be dissolved in ethereal solvents (e.g. tetrahydrofuran 
(THF)). In some embodiments, the composition includes a 
foaming agent. Foaming agents can include pentane, hexane, 
1,1,2-trichlorotriflouroethane, cyclohexane, petroleum ether, 
diethyl ether, etc. The method can include evaporating the 
foaming agent to foam the precursor, and polymerizing the 
precursor to form a porous separator layer. Foaming of the 
composition can be done during or after deposition of the 
composition. For example, the deposition and foaming can be 
done in the same chamber or different chambers. In some 
embodiments, an initiator polymerizes the monomer. Initia 
tors can include HO, N,N-dimethyl-p-toluidine, N-(oxydi 
ethylene)benzothiazole-2-sulfenamide, etc. Introduction of 
the initiator to the composition can be done during deposition 
or after deposition of the composition. In addition, the initia 
torcan beintroduced in the same chamber as the deposition or 
in a different chamber. 

0034. In some embodiments, the polymerization of the 
monomer creates heat which causes the foaming agent to 
evaporate resulting in foaming. In some embodiments, a 
separate heat source heats the composition to cause the foam 
ing agent to evaporate. In other embodiments, a vacuum is 
pulled to cause the foaming agent to evaporate. Further poly 
cyanoacrylate foaming details are discussed in International 
Publication No. WO92/09651 and U.S. Pat. No. 7,323,207. 
In one embodiment, the composition has a concentration of 
precursor greater than a concentration of foaming agent. In 
other embodiments, the composition has a concentration of 
foaming agent greater than of precursor. In a further embodi 
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ment, the precursor and foaming agent are in equal concen 
trations. In some embodiments, the foaming process pro 
duces a Substantially conformal porous separator. In further 
embodiments, the foamed porous layer is an open-porous 
Structure. 
0035) Some polymers may dissolve in typical battery elec 

trolytes. Cross-linking the polymer can improve the poly 
mer's ability to resist dissolving in battery electrolytes. Cross 
linking can also add mechanical stability. However, too much 
cross-linking may inhibition conduction. Double-functional 
chemicals can be used for cross-linking. For example, N.N- 
methyl-bisacrylamide can be used to cross-link polycy 
anoacrylate. Other cross-linking agents (e.g. double-, triple-, 
and other functional groups) include 1.6-Hexanediol Diacry 
late, trimethylolpropane triacrylate, ethylene glycol 
dimethacrylate. A radical initiator (e.g. radical catalyst) can 
be used along with a cross-linking agent to improve cross 
linking. Radical initiator examples include butanone peroX 
ide and benzoyl peroxide. An amine activator, for example 
N,N-dimethyl-p-toluidine, may be used in combination with 
radical initiator for initiating polymerization. To improve 
cross-linking, a stabilizer may be used in some embodiments 
to prevent anionic initiation. For example, stabilizes can 
include acids. Further examples of cross-linking agents, radi 
cal initiators, amine activators and Stabilizers are discussed in 
U.S. Pat. No. 3,940,362. In one embodiment, a polymer is 
produced using a mixture of monomer and cross-linking 
agent. In further embodiments, a polymer is produced using a 
mixture of monomer, cross-linking agent and radical initiator. 
In other embodiments, a polymer is produced using a mixture 
of monomer, cross-linking agent, radical initiator and amine 
activator. In one embodiment, the mixture includes MMA, a 
crosslinking agent (e.g. 1.6-Hexanediol Diacrylate, trimethy 
lolpropane triacrylate, ethylene glycol dimethacrylate), radi 
cal initiator (e.g. benzoyl peroxide) and amine activator (e.g. 
N,N-dimethyl-p-toluidine). In some embodiments, the ratio 
of MMA to crosslinking agent is between about 8 to 1 and 
about 1 to 1. In some embodiments, the radical initiator and 
the amine activator are each about 5 percent of the mixture. 
0036 Polymerization systems may be radical initiation 
systems or cationic polymerization systems. Mixtures that 
include cyanoacrylate or MMA are radical initiation systems. 
Cationic polymerization systems include methyl vinyl ether 
or ethyl vinyl ether as the monomer. Cationic polymerization 
systems can also include a cross-linking agent (e.g. divinyl 
ether of ethylene glycol) and an initiator (e.g. BF). 
0037. In one embodiment, the foamed porous layer can be 
used as a template for the porous separator. The porosity of 
the foamed porous layer can be filled with a material that will 
be the porous separator. After the foamed porous layer is filled 
with the material, the foamed porous layer is removed. For 
example, the foamed porous layer can be chemically or 
mechanically removed. 
0038 Various embodiments have been described above. 
Although the invention has been described with reference to 
these specific embodiments, the descriptions are intended to 
be illustrative and are not intended to be limiting. Various 
modifications and applications may occur to those skilled in 
the art without departing from the true spirit and scope of the 
invention as defined in the appended claims. 
What is claimed is: 
1. A method of making a battery separator comprising: 
gas phase depositing a composition onto an electrode, the 

composition comprising a first component selected from 
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the group consisting of polymers, dimers and monomers 
and a second component selected from the group con 
sisting of polymers, dimers and monomers, the first 
component being different than the second component, 
the first component and the second component each 
form separate polymer phases and togetherform a layer; 
and 

removing at least a portion of the second component to 
form a porous separator layer. 

2. The method of claim 1, wherein the first polymer is a 
Substantially continuous phase in the porous layer. 

3. The method of claim 1, further comprising: 
activating a first dimer, and 
pyrolysing the first dimer to form the first component. 
4. The method of claim 3, further comprising: 
activating a second dimer; and 
pyrolysing the second dimer to form the second compo 

nent. 

5. The method of claim3, wherein the first dimer comprises 
di-para-xylylene, the first component comprises para-Xy 
lylene, and the first polymer comprises parylene. 

6. The method of claim 1, wherein the gas phase depositing 
comprises atomic layer deposition. 

7. The method of claim 1, wherein the gas phase depositing 
comprises plasma deposition. 

8. The method of claim 1, wherein the electrode comprises 
a material that reacts with ions. 

9. The method of claim 1, wherein the electrode comprises 
carbon. 

10. The method of claim 1, wherein the porous layer com 
prises an open cell structure. 

11. The method of claim 1, wherein the porous layer com 
prises parylene. 

12. The method of claim 1, wherein the gas phase depos 
iting further comprises reducing the electrode temperature to 
below room temperature. 

13. The method of claim 1, further comprising cross-link 
ing the porous layer. 

14. The method of claim 1, wherein the cross-linking the 
porous layer comprises using at least one cross-linking agent 
selected from the group consisting of N,N-methyl-bisacryla 
mide, 1.6-hexanediol diacrylate, trimethylolpropane triacry 
late and ethylene glycol dimethacrylate. 

15. A method of making a battery separator comprising: 
gas phase depositing a composition onto an electrode, the 

composition comprising a first component selected from 
the group consisting of polymers, dimers and mono 
mers; 

forming a layer comprising a first polymer from the first 
component and a second component selected from the 
group consisting of by-products and remaining portions 
of the first component from the forming the first poly 
mer, and 

removing at least a portion of the second component to 
form a porous separator layer. 

16. The method of claim 15, further comprising controlling 
process parameters to produce the by-products and the 
remaining portions of the first component. 

17. The method of claim 16, wherein the process param 
eters are controlled to form the layer with about 10 to 90 vol. 
% of the second component. 
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18. A method of making a battery separator comprising: 
forming a first layer onto an electrode, the first layer com 

prising a porous template, the porous template compris 
ing a removable material; 

gas phase depositing a first component into the porous 
template, the first component selected from the group 
consisting of polymers, dimers and monomers; and 

removing at least a portion of the porous template to form 
a porous separator layer comprising the first component. 

19. The method of claim 18, further comprising forming a 
first polymer from the first component. 

20. A method of making a battery separator comprising: 
gas phase depositing a composition onto an electrode, the 

composition comprising a precursor and a foaming 
agent, 

evaporating the foaming agent to foam the precursor, and 
polymerizing the precursor to form a porous separator 

layer. 
21. The method of claim 20, wherein the evaporating the 

foaming agent is caused by heat produced from the polymer 
izing the precursor. 

22. The method of claim 20, wherein the evaporating the 
foaming agent comprises pulling a vacuum. 

23. The method of claim 20, wherein the precursor com 
prises a cyanoacrylate. 

24. The method of claim 20, wherein the composition 
comprises a solvent. 
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25. The method of claim 20, wherein foaming agent is 
selected from the group consisting of pentane, hexane, 1,1,2- 
trichlorotriflouroethane, cyclohexane, petroleum ether and 
diethyl ether. 

26. A battery separator comprising a gas phase deposited 
porous separator. 

27. The battery separator of claim 26, wherein the porous 
separator has an open cell structure. 

28. The battery separator of claim 26, wherein the porous 
separator comprises parylene. 

29. The battery of claim 26, wherein the gas phase depos 
ited separator is a polymer. 

30. A battery electrode and separator comprising: 
an electrode comprising at least one cavity or protrusion on 

at least one surface of the electrode, the cavity or pro 
trusion having a length greater than about 5 mils and at 
least one width that is less than about 5 mills; and 

a Substantially conformal separator layer gas phase depos 
ited onto a Surface of the at least one cavity or protrusion. 

31. The battery of claim30, wherein the length of the cavity 
or protrusion is between about 5 and 100 mils. 

32. The battery of claim 30, wherein the at least one width 
of the cavity or protrusion is between about 1 and 5 mils. 

33. The battery of claim 30, wherein the electrode com 
prises a material that reacts with or absorbs ions. 

34. The battery of claim 30, wherein the electrode com 
prises carbon. 


