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M CROBATTERY PHOTOLI THOGRAPHI C MANUFACTURE,

SI NGULATI ON AND PASSI VATI ON Thi s application
clains the benefit of U S. Provisional Application
Serial No. 60/807,713, filed July 18, 2006, entitled
"METHOD AND APPARATUS FOR SCOLI D- STATE M CROBATTERY
PHOTCLI THOGRAPHI C SI NGULATI ON AND PASSI VATI ON FROM A
SUBSTRATE" whi ch application is incorporated herein
by reference in its entirety. FIELD OF THE | NVENTI ON
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Sufficient battery capacity can resuit in a power supply that is quite heavy and/or

large compared to the rest of the device. Accordingly, smaller and lighter baiteries

(i.e., power supplies) with sufficient energy storage are desired. Other energy
storage devices, such- as supercapacitors, and energy conversion devices, such as
photovoltaics and fuel cells, are alternatives to batteries for use as power supplies in
portable electronics and non-portable electrical applications.

Another drawback of conventional batteries is the fact that some are

fabricated from potentially toxic materials that may leak and be subject to



One type of an energy-storage device is a
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SUMVARY OF THE | NVENTI ON In an aspect of the
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FIG 4A is a schematic cross-section view of a
re-ablated solid-state cell 400A of sonme enbodi nents
of the invention. WD 2008/ 011061PCT/ US2007/016276 5
FIG 4B is a schematic cross-section view of a
re-abl ated solid-state cell 400B of some enbodi nents

of the invention. FIG 5 is a schematic
top-down view of a re-ablated solid-state cell 500 of
some enbodi ments of the invention. FIG 6 is a
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FIG. 3A is a schematic cross-section view of an ablated and filled solid-state-
cell-inprocess 300A of some embodiments of the invention. \

| FIG. 3B is a schematic cross-section view of an ablated and filled solid-state-
cell-inprocess 3008 for making a solid-state of some embodiments of the invention.

FIG. 4A is a schematic cross-section view of a re-ablated solid-state cell

400A of some embodiments of_ the inveniion.



FIG 12 is a schematic cross-section view of a

solid-state-cell-in-process 1200 showi ng cell and top
side contacts defined through ablation. WD
%gélpl}MMPCT / US2007/ 016276 6 FI G LnSs2i07/016276
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| nc\ileef"%stlaon and cell separation. In some embodiments, the laser beam or dicing sa;av'
ablates the through the layers of passivation material to the contact on the top of
each cell (Figure 9). Foilowing the' contact definition, the laser is set at a percentage
(less than 100 percent) of the original ablation kerf width. The beam ablates through
20  the passivation material and through the substrate with the exception of small
support tabs 1017 in the corners, and an opening center of each ce}l-side (Figure 10).
FIG. 10 is a schematic cross-section view of a solid-state-cell-in-process
1000 of some embodiments of the invention. In some embodiments, the cells remain
in the substrate though post-ablation operations. Final separation of the cells is
25  accomplished by upward or downward force on individual cells through a pick and
place system.
F1G. 11 is a schematic cross-section view of a solid-state-cell-in-process
1100 of some embodiments of the invention after a blanket cell process. In cells
where both contacts are accessed through the top of the cell; the process is similar to
a0  those described above with the exception of the ablation definition. |

FIG. 12 is a schematic cross-section view of a solid-state-cell-in-process

1200 showing cell and top side contacts defined through ablation.
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The leading digit(s) of reference nunbers appearing

in the Figures generally correspond to the Figure

nunber in which that conponent is first introduced,
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The term vertical is defined to mean substantially perpendicular to the major

surface of a substrate. Height or depth refers to a distance in a direction
perpendicular to the major surface of a substrate.

30 “The term “layer containing lithiated compounds” is defined to mean a layer
that contains lithium in any form, including metallic lithium,.alloys of lithium and

lithium containing compounds. Examples of layers containing lithiated compounds



25 constructed in an "upside down" order, where the
| ayers are formed in reverse order fromthat
di scussed above. Alternatively, the layers may be

wfd){oﬂﬁéﬂ separately and joined by a |anm nati onpdi@GRSR16276
AW T how be readily envisioned by the nmutineer in

this art. In a configuration of the present
i nvention, the electrolyte overlays the 30 cat hode,
preferably with an overlay distance-of from about 5
to about 20 m crons per edge. Configurations wherein
the electrol yte underl ays the cathode, preferably
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SRSB4 B B aHECeg Ry P e ot s gl ifemion. e
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%Etecézg aCtFﬂ’S g0 %llﬁ}uﬁn %\)Arlrest L)é%)g %mh%giﬂ%?)rf %e}gy ﬂﬁ’#ﬁlm battery
C o&mﬂsocﬁmmtampﬂallmdtﬂmm is folagenl btwgeenithe gledtuayte ,and the anode current

collector to form an anode.
It will be understood that in one aspect of the invention, the battery is built in
20  layers as a “bottom up” construction, whereby the substrate is provided with a
cathode current collector, a cathode, a solid electrolyte, an anode (which is optional
during the construction phase as discussed above), an anode current collector, and
one or more encapsulant materials. Optionally, the cathode and anode may be
provided in a side by side or other configuration. Altematively, the battery may be
25  constructed in an “upside down™ order, where the layers are formed in reverse order
from that discussed above. Alternatively, the .Iayers may be formed scparately and
joined by a lamination process as will now be readily envisioned by the routineer in
this art. | '
In a configuration of the present invention, the electrolyte overlays the
3o  cathode, preferably with an overlay distance of from about 5 to about 20 microns per

edge. Configurations wherein the electrolyte underlays the cathode, preferably with



20 such as N Met hyl pyrrolidone. The wet chem cal
process may optionally be augnented by application of
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process steps of applyigng the cathode current
collector, the cathode material, the anode current
collector, and the electrolyte layer are carried out
in different processing apparatus. 25 It has
sutprisingly been found that during the production of
the thin layer lithiumbattery, satisfactory )
bajt gfdefsy ak@naldfaidig db&i 8o kbova R0 he@shs puredb@Wes specifically
containing lithiated conpounds is exposed to ordinary
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process).. I n.sqme_enbodi nents, the specification
de%rfﬂe@égwﬁ’av\?%?é‘%el |'s are defined, passivated, and
r enov edTlie wenchbmidabprecéesaused to repowe: thertrogkimpg phototekist material

i ni\{-cenrn]xtthé) Exyer containing lithiated compounds preferably is a non-aqueous process.
Preferably, the wet chemical treatment comprises application of an organic solvent,
such as N-Methylpyrrolidone. The wet chemical process may optionally be
augmented by application of plasma chemistries, such as plasma O, chemistries.

In an aspect of the present invention, at Jeast two of the ﬁrocess steps of
applying the cathode current collector, the cathode material, the anode current
collector, and the electrolyte layer are carried out in different processing apparatus.
It has surprisingly been found that during the production of the thin layer lithium
battéry, satisfactory batteries are obtained even if at least one layer containing
lithiated compounds is exposed to ordinary air conditions between process steps.

- In an aspect of the present invention, it has been found that superior
performance of the battery is obtained when the patterning of the layer containing
lithiated compounds by a photolithography operation is carried out within about 72
hours of initial formation of the layer ¢ontaining lithiated compounds. Preferably,

the patterning of the layer containing lithiated compounds by a photolithography
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(material to Ieveb or flatten a surface, so
| ater materials have better surface coverage) such as
pol ynmer, photoresist, LiPON, or other suitable
materials, and/or netal |ayersvused for electrica
conductors and/or 15 vapor and oxygen barriers). In
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U.S. Provisional Patent Application 60/700,425, U.S. Patent Application
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passivation layers are added to seal the now-exposed sides of the cells. In some
émbodiments, the cells are later singulated (completely separated) from one another.
Figure 2A is a schematic cross-section view of an ablated layered structure
200A for making a solid-state cell of some embodiments of the invention. In some
s  embodiments, a series of kerfs or channels are cut (e.g., using either a single cut, or
by repeated shallower cuts), e.g., by laser ablation of the material. In some

embodiments, vertical-walled channels 211 are cut, such as shown in Figure 2A,
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The substrate of defined cells is then noved into
area for passi vation application. Passivation can, in

SOf¥kvifi b isidras b ueles ba&el%i 1. & othet stBsdilnais,sloping-

a stac mer and npet al ers st ack ,of,;

sowaaedsqhawls T PR ERngpgh SH hEi BBt Sifodiments,
25l lﬁnﬁxd%é\récﬁmgu&@ bedRabd, 6s Gewes erﬁ(‘dbbw It iofar efhbédiments, the
abl at ed ed solid- state-cell i roce

o ISP RATE AT SIEAS g3 SoT Y AP STURGEiTEe o aree puraliy
5€ ”pl?igla{?if‘srﬂr@ forIntBa u\?wf?]ﬁﬁ %ﬁﬁcr%iﬁzfﬁs aﬁ?ﬁsl thgfaee pothgBEet 100A.

protective coa ere.a filmp r

appl i edFigyerh g %ﬁ%ﬂt}ca‘i"‘égs'sf‘ftiofll"%@v gﬂ%’ ?quffglﬁm% prructure

2 1%?0]3’?05‘ ARk agé’gﬁd-s@‘t@&ﬂl GFREme @mﬁbdlm@ntshﬁ' theoipveaitioh hia some

cells (Figure or ur

e W%B?q%'é‘ﬁ'été’ slqpine wal'%‘g\an%% ?2‘?% ag Cuf, i %‘*’3{5 SPs§aNAng

m gé t ﬁ’é’dﬂﬁ{'eré/ RBES ﬁﬂ!ﬁ/lcﬁ?erﬂlie Gdewans beoﬂﬁdedﬂmtﬁhads \ai larige

a doct or

1o DT D ISE RBUTTPACR Both Aot B e oL snebe oo,

enbodi NeNofne enfodRa&s, wmdbmmompmessahclusesmeeﬁng thetdegosited
appr opriate |evel of soli

. Fi re 38 i

Raitaie] Breveh G4 morraiin gy cutting SLRGRHA 8 5Tesibely soprglipd rate
SO:Thglas?totﬂHE:lrfg&iakN is T&oﬁthﬂléﬁSrSﬂﬁQCHi:sf (oemmlkm Fjguse 2A and Figure
sol i state some f . th
S ont or B R oD IRk isagt o Aflow B fHop gtk o be

15 C haﬁﬁ@itéi arﬁd cé‘:ﬁictﬂfe& ritb of spBndfe.| shmiplugiliy of shallow cuts)
ure hemati c
L Sisres e ADpfhiegTara e Saf L §agHp U iRt moline.

of Sﬁ’lé@lnlgrbg Qﬁlt(drﬁll crokf 08N seib edibodintents, theenateriind iy abiated or cut
i s nov a I nt t

rratlwi) tayar, EI}? s 7tmrt1§%1|oa|ac§ep{ﬁx a%gll'o?cﬁrha nlysi)@ }nquosglgelé\g‘me initial

layer of active material (Figure 2). The remaining substrate serves as a mechanical

20  support for the cells prior to total separation from the substrate.

The substrate of defined cells is then moved into area for passivation
application. Passivation can, in some embodiménts, include: a singular polymer
layer, a stack of polynier and metal layers, or a stack of solid state insuiating
material and metal layers.

25 | Figure 3A is a schematic cross-section view of an ablated and filled solid-
state-cell inprocess 300A of some embodiments of the invention. In some
embodiments, the process uses a single poiymer protective coaf, where a film of
polymer material is applied over the substrate, filling the kerf 211 or 212 in the
ablated areas and covering the top of the cells (Figure 3A or Figu;-e 3B). In some

30 embodiments, the polymer material 324 is applied via mist spray, vapor prime, or

dispensed and leveled with a doctor blade, depending on the viscosity of the
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Figure 9 is a schematic cross-section view of a solid-state-cell-in-process 900
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ablated in channels 812, leaving a thin layer of material 810. In some embodiments,

the substrate is moved back into the laser ablation system or dicing saw for contact
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1300 showing a first layer of passivation applied.

Figure 14 is a schematic cross-section view ofa solid—stafe-cell—in—prbcess
1400 showing a first layer of passivation material is ablated to uniformly cover the
cell.

Figure 15 is a schematic cross-section view of a solid-state-cell-in-process

1500 showing additional layer(s) of passivation material is applied (metal).
~ Figure 16 is a schematic cross-section view of a solid-state-cell-in-process

1600 showing contact areas of the cell are ablated and the cells are ablated with the
exception of substrate support tabs.

Figure 17isa schcrﬁaﬁc top view of a solid-state-cell-in-process 1700
showing a top view of cells with contact pads identifieﬁ and support tabs identified.

PHOTOLITHOGRAPHIC TECHNIQUES

Batteries used to provide back-up power in microelectronic applications

come in various sizes, but are typically coin cells that are mounted to circnit boards
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Figure 18 is a schematic cross-section view of a
solid-state-cell 1800 io show ng contact areas and/or
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1803, a%’hg Bgttery size can range from about 1 mm square or smaller to as large as

2 square centimeters or larger. Batteries in this size range give practical amounts of

30 discharge capacity and are also economically practical for manufacturing. Batteries
can be square, rectangular, circular, or of myriad other shapes as required by the

application.
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25 aSthen patterned using a positive tone photoresist such as SPR 220 and etched using a

wet chemistry. The overlay of the cathode relative to the underlying cathode current
collector is about 5 to 20 microns per edge (undersized). The photomask is sized to
acéount for worst case misalignment between the two layers, and also for size
changes due to the etch and overetch of the two films. The photoresist is removed

30  using solvents such as N-Methylpyrrolidone (NMP), optionally coupled with plasma
O chemistﬁes. The sidewall profile of the cathode is important, as it determines

how well the subsequent layers (e.g., LIPON, anode metal, etc.} will cover that



5 100 mcrons or nore as neasured fromthe point
where the filmis full thickness, to the point where
it tapers to nothing. In photo-patterned and wet
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vert| cal’, sloped negatively, or sloped positively -

t he Iatter case being the preferred slope. A slope of
20 to 70 degrees off of normal is suitable for
preventing the undesirable side effects of a vertical
or re-entrant io sidewall, while not sacrificing too
much device area to the tapered region of the film
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In some embodiments, the pléting station performs electroplating at densities
of about 0.9 mA/cm2 and voltage of about 40 mV at 0.6 mA between a lithium

counterelectrode and the plated lithium of the anode.
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In some embodiments of the apparatus, the cathode contact material includes

a metal mesh aronnd which the cathode material is deposited.
In some embodiments of the apparatus, the lithium anode material is plated
30 onto both major faces of an anode contact foil through LiPON barrier/electrolyte

layer covering the anode contact layer.
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gp; on a face opposite the

ano rrast%rel?g%&ggﬁi Lpl%glaﬁ\lﬁgoar rier/electrolyte |ayer.

coverl Ny sotie eodotiveratyaiitey spprratysnthe] Huumcatioge gwiezial is

| ”{épg%%ﬁ o BAR ?ﬂé‘a JFRL&ES 'oﬁla cﬁth@cie doRGktRaS add thB LiFoRNd
barrierler

ectr er covering .t he anode
nebasrieridlectzohde tayer WFW%P Gf‘ff‘ﬂ‘gfr is theg clﬁe@sgf%ﬂ PYSPEieRgsa

third sheeh, thffodltintiisiete ApapdteTREIRM @lhod ﬂiaterral is
includes li1thiumand a UP barrier/ el ectrolx}g (g er

codepositrg antebeth sepior fages of a Fathpderoptactmeshy apd
anQERe AL @Ol 14yBAdoviRkg e @athbid Ritbm &Bﬂmﬁtd bl Bﬁﬂtenng

barrier/elect roI yt e |l ayer_ coveri

e anode
on a seldmercahodingns ppetheriaspect pgiile frg/ggtlo%wa{rges a metlhod that

s afydipfae b BidtheRPhd BectthRGhd e B anweaﬁatahammtmmes lithiom
the UP barrier/electrolyte |ayer cov&rjlnnt%nt he ano

meansk4 bIPORY barrer/glpgteatyte fryex coxRBng fhe 2ap ol proviing a

baLdohsd élﬁl:tetﬁﬁtrlﬁélﬂﬁéi A @MRHe FRAKSTRI het hbRdestithRgeand 2 LiPON
mat er 1 al the third sheet | n _sone e

anbarﬁ@/elmém lf’é'F" sqvering e sethafe MALTAk égg #&&3&}% Rfdymer
1 5eIEz9:ﬁJlee AEAtd e Bervebh IRILIBORar di&lectrﬁl@&dﬂdjﬂ& caveriizali€anode

mat er | t hat i ncl udes I|th|u

bamptesip) of the firsp sReebandghe L irE3Y b 86%?}50%@@1‘ covering the.
”B%ﬂd(ﬁ:m?tﬁfu? %@ﬂﬁﬁ'@hﬁﬁ{odf E]}aiet | ncldudei a cat hode
mat eri a at _includes |i a LiP
bar ri er PEmeempeiyieats ofthe ‘?,‘b\’fgii‘i"ﬁar ipFladg BTOHBjd'éB a third sheet that
”an%fdd@sll an &dde Hﬁ@d}ﬁlll fhgf mﬁﬁﬂégl\lhtﬁhﬁrngl&a prONYBarrier/electrolyte
electrolyte materjal between. t
balayerioraringhe ap%eén.',l r prg&;lét}g z},'tén{q?\{'\% gﬁémfbldes a cathode
main@terial thaf inkl8esf lithiwin sldeatipantbdriia/dledaoNte layer covering the
D b ety S b ot O S A A5 £ ccn the LiPON
enbafbn@sitolat ldysh So\aﬂﬁgﬂﬁtansda saieridieorahé thind dheeh ased the
that _includes an ang e materi es. . |.i
PO PR Bl 7o G O ER 0 i ey MR Py Pl ke
an@,dﬁsaﬂaw%i@ a pmymﬁmedwo@mmmmhmetwem thel é.sP(éN

t hat .i n ude P
b RREr RS Sogt EespeiGRe ARkl ' HE AL e ipon
mMab&ticddlectrolae Sa)a‘eﬁbow&an giiechaitiode alamniayq@he &huethtshedtyt e

o 4Ty VL S TR LI L n

er| a eet " an
t hmﬂﬁ@ﬁdﬁammmﬂl@wdﬁo@ty& BiPFIQAY Byercoveri ng t he
cat ho_de material of the fourth sheet;



and nmeans for sandw ching a polyner electrol yte

mat eri al between the Li PON so barrier/electrolyte

| ayer covering the anode material of the first sheet

n h PON barrier/electrolyte | ayer cover
“2%?03%%’ % aterial of the foyth sheet. WO deditforzro
20081011061PCT/ US2007/ 016276 31 In sone
enbodi ments, the invention includes a nethod that
includes providing a first sheet that includes a
substrate, a cathode material, 'an anode current
coll ector, an optional anode material, and an

el ectr oinysbﬁleleﬁx‘bﬁﬂmﬁﬁ%ﬂff&ﬁé AthbBShe déﬂ%@ﬁﬁn 1Pk Gifiah anode is
fron1the anode current col | ect or: and erf rnln
ngPhe

ondonsibyrriRcEoplating inA PrepyleRgRARonglsdn B Bleetroliiest
cat hodepRinglehdbdinidits GHRSIR et (RO first HdeeBitudes acadhode

the electrolyte |ayer separatin e C

f 1 Ber AT BER ORGP KB 26004 TBEERT angﬁa«’?éﬂ’&%%? L“{"’@‘e layer
s T 1 EsVeriR® Hel cBfRo@ mhitfial G ihe 3bdnl dheel Richides avi@giode material that

second portion of the substrate so as to |.eaye

F 1 mstodet Gihia 41 2k PN PRTTRIERTaLIE P SAve S Apismaterial

f r QA QP fetdAtSler Mbindehd Pf‘cﬁlhd]ngﬂa Blirdrshbdtithat @iclidee ah bficie
of battery | s remai ns tached, i oto at

pluralit
" e msteril theipletas HOAUB NG PO HeTaRr eSO By Spedme the
SOEFod% RGBS Fir Fack! hadmitdhede ifnﬂfehbﬁhaﬂ ifclhdedelithium and a
EOSItIng a second_ materi al &F sheet to cov
10 t h

SROIN, bUT PV gloqiro e M3 Srvering B Apdk Refepelqnpiecond face

B?pd%ﬁ@@;@ IR ﬁﬁo‘é afd Jah&wmﬁlrlg(hcbcﬂjdﬁérhm’ch‘om medterial between the
er rmng, a |rSt I’mterlal-rg{;ova

FRAN hargigrielparalyts [ayst cqveaEng Eedngd @Pa‘ta‘ffq{’]#ﬁ sheet and the
S egﬁr(m BarfieéldtAIIytt Yayef corbihg tiercathodamiatepiahef the third sheet.

b oot T e e e d it B ant: B b bRy bRinfides an apparatus
15 CeltlaBinchiBesSOfiet SRBiaHTREhGes ai‘lhﬁoﬁdaﬁalﬂdalrthitemladles lithium and a
[ ud Lj
LRI e eridesrolgpaver povscing e iR FAGLR: S Sa At that

_I nml%mges @gm;iilemmé@ai thidd enciiRies Hithidm mdmmw berrat/cleasolyte
I ncl ude phnhot It

onT7Eh SRUPRAE F RERIE BRELR: Phmoans TR aRaTTenine anohmer
- 11 gREksISte hmémeaembﬂ &ehﬁ?Ohlg)aa"mtletHctrobite apecovding the anode

20 m ?nra?ert]z?al c?il the te rs? sheet and the LiPON barrier/electrolyte layer covering the

cathode material of the first cathode sheet. )

Some embodiments of this apparatus include a third sheet that includes an
anode material that includes lithium and a LiPON barrier/electrolyte layer covering
the anode material; a fourth sheet that includes a cathode material that includes

25  lithium and a LiPON barrier/electrolyte layer covering the cathode material; means
for sandwiching a polymer electrolyte material between the LiPON
barrier/electrolyte layer covering the anode material of the third sheet and the
LiPON barrier/electrolyte layer covering the cathode material of the fourth sheet;
and means for sandwiching a polymer electrolyte material between the LIPON

30 barrier/electrolyte layer covering the anode material of the first sheet and the LiPON

barrier/electrolyte layer covering the cathode material of the fourth sheet.



25Some enbodi ments of the nmethod further include
depositing a passivation nmaterial on the sheet to

cover the plurality of cells at |east on their sides.

| n._sone enbodi nents, the invention includes :
%gﬁ?’%ﬁ% that i ncl udes a gource of a first s é%stzoowomzm
that includes a substrate, a cathode material, and
anode current collector, an optional anode material,

and an electrolyte |layer separating the cathode 30
material fromthe anode current collector; and neans
for renoving material through the cathode material,

t he anoglgqmidlchBlinfents) B iVentiah theldes @hﬁﬂioﬁ@il#ﬁlﬁsludes
| ayer separating the cat hode material fromthe an

cuprPEingaofitsededthatipgluden A subatrate. 7 PrBpdsBrier na'b?mgw"em
2 O&Qﬁ{e%ﬂ- Qf %Bgﬂapmzﬂ@érﬁg H8d 3R e¥eﬁ@o§t&l§§d’r&é@:ﬂﬁig thotathode

through ‘a second portion of the subsfrate so as |
| emoterial fmy the anpge errephealleripraar PEripIRiRS 308 g’é’BB’feafP%tB“a

si rl%mogﬁ‘l%péﬂﬁbﬂseﬂhr(ﬂgﬁ R oAB thatdrial, ke ﬂidd& @luirérit colflector, and the
battery cells remaining attached t | eaaté a Si gﬂecmr

patlectestyte fayex sopatiag hggathods mates O%mfofm Rergens e

t hgFEBRavRE H&irgtlﬂohflﬁfoﬂtﬁ@:iuﬁﬁﬁatﬂﬁﬁmﬁ)t ﬁﬁﬁu@ﬁmﬂd fgtich of the

second material on the sheet to cov‘%gﬁi}%t ‘;S)I ur al 'dt

of Subalrate sqas odeave adiﬁsttnlfé'ﬁ‘ﬂ‘w grery & S Sepgiated from one

I efRHeR Bul Wh&Einal pllﬁaﬁﬂyb)f Wﬁﬂsﬂﬂuﬁfn}l dTbaf&§@ells remains attached

material to separate a plurch}_ cells from each '
10 ot et leasigraingle RrasRaEtrdpagt ofithe it éﬁg‘ﬁ%\t us further

i ncl udesél%@aﬁbédiﬁaeﬂgapﬁktnhda%caﬁzaﬁ&qnduweqmiahg aBedohé
_sheet to cover the plural of c [ls st .on

t hapteria) onthe Sheet to COVFﬁh%B@@‘ Fﬁ*“ op E’ge‘%sé‘g%nd '

mat er i a§orhé erdBodnefie bfﬂ@lmdtlﬁt&uﬁxaharmdemperfmmgn first

passivate the cells. In sone ﬁgbodj ms ﬁ}? aqena'?go

mefPateriak Temey ph RSO ENFemaNe 8 SRR PRIHIB &Y HEES" “ﬁ
15 MEgdparatedd plaRIBY6M@ILE fieinldeh bieer abl ati on. In sone

enbodi nents, the rreans for%(wglrmw %tll nc

. phot ol i {W@Fm Ipents, the se gan ?lﬁ&ncal insulator deposited

rra{oq;ragﬁbate Heend. operations formtrenches between

cell's having a 15 w dt out 1 I ess.
In somel "e‘ﬁ"ﬂ’(g? ﬁl"%e"tst Hl? fﬂ?té)iﬁ{’?%’ﬁa “ﬁ°é‘r"5°a 2‘3 gﬁ
appar at hSsohieaimbodibhdit sheanatartial aemotal @pénatiens igtiedd laser
that includes a substrate, a cathode material, an -

20 an¥iPurrent collector, an optional anode material,
and an Elsﬁ’ﬁiereﬂiboﬂﬂnérm{ eHie s pdal atinoggl ioperationshioclade
mat eri a the anode current collector; and a
f j plgto ?%'F? renoval station 20 confi gured to
renove Id‘sanﬁaﬂhmd&nm ¢hiei iteridlremand dpetipnpsfiotm trenches

g H*g’g‘té"o‘fﬂlf 3?%3% Q% gthﬂ? ﬂoutm) 1%? br REPAT ating the

fé ano current collector, )
zsand thr Sdﬁgh embédimhtSMﬂtEI Imth@i fuﬂher inalode depositipgia pagsivation

thro ! ort |

I eg\%e ee? ; aﬁ‘velb ra] tg%ﬂ? p’f‘lﬁ gﬁggtgp éﬂgg%gésat ed
from onm mmtdnﬁrodbutntg ahrhnwelooﬁnqlms Bh @ppdritus/thaf includes a
bagtgu%ey of % aeijirstsshegt% %Jﬂ&e@tﬁsﬂﬁé&%&, L Qatftbad B3etal?and anode current

collector, an optional anode material, and an electrolyte layer separating the cathode
30 material from the anode current coliector; and means for removing material through
the cathode material, the anode current collector, and the electrolyte layer separating

the cathode materia! from the anode current collector, and through a first portion of



25single part of the first sheet. Sone
enbodi nents of the apparatus further include a
deposition station that deposits a passivation
material on the sheet to cover the plurali tyP(f’lj;USFzEd?O?GZ’/G

WQ20UNIL o their s des; a&d a second mmter

10

15

20

25

30

renmoval station confi gured to renove a sub-portion of
the second material to separate a plurality of cells
fromeach other. 30 Alternatively, the nethod and

apparatus may conprise the further deposition station
that deposits a passivation material on the sheet to

C QK€ butlshSte Bt IthbY, dg,l'pzf sé&Bhd fordibn bﬁﬂl%tsumafefb‘élaﬁ tGledasa
as not ed above, he first materi al

stiewliy oy el ShoAS PRSP U N b 7h 038 of the
?Jah aﬁ&&%&ué Renalniid HfkchélPioQs ldabt%uﬁglapérﬁﬁf B8 @rst sheet.
Con

|gure to renove the aSS|vat|on mat eri al

cat hodeSareg @nbasiimenth @ftgﬁ Gﬂé""%tﬁ? PEther welode meaps fo‘éH?‘POSItmg a
t "Rl LtE:l%lgfrﬁhé ﬁ%@trtoiﬁpé}rtﬁé ftzlﬁﬁahbh@f *fk BOd@t BRI sides; and
e

romt e ano current col and throurgag a first
pomnedns forgrmpHiEs Saaterial a seb- eeﬁtwﬁ of terpeRaginaterlal (o srgarale a

polglgllagg,(gcfcenpﬁoéegé}p%g,ate so as to leave a plurality
batt’'ery cells that _are sepa%% d from one apother

but eactrremembadimpnts pf the gppargtu gf inglude mepnsfor deposmng a
I eJXBbH rﬁgteﬁilto@lctﬁ@Qaebﬂo%bvér&%f)]uhi@ detls ﬁﬁléﬁst oh theirasides.

first sheet. I n_some enbodi nents,

passi v a[plsgwe sEbediments; ﬂn&saﬁ@g n(x_ﬂliglage s Ef?o"rl%‘:“f‘r‘éall éﬂsulator deposited
| 3&5%1@4@ @k Bald. MOsoMd dinSembxits, Tfﬁé’ﬁecﬁﬁﬂ mﬁﬁhai iayledss. LiPON. In
10l n sone enbodi nents, first sheelﬁlg#g @?” Qat hode

reioB1; expbadiments, Hhem s £ remoy g | Yol )
Li E5Bbdnabit, @hd ﬁbﬂﬁstfbﬁ‘eﬁo@ﬂg&uﬁﬁdfﬁmnmﬁl@ Iedohede

mat eri al and the second sheet @Iudes an .a

ot PRETIGEGOVTARE PG (] AP betvech cells having a
ba@fdﬂ?é{&ieﬁﬁgﬂﬁihdx‘&lﬁ dragser co]\c/erl Eg t he Iangde

nateri a nd the ap arat.us urt r | nc u

sheet t'I‘PéPmFr?Elbﬁﬂ’é%e“g‘nthéﬂB‘EFé'Hﬁ? é‘fcf aﬂi%ﬁ%ﬂ%femd&%es a

i §dﬁkdémf%ﬁﬁst%hédt?mlrbﬂfdés gedistee] ? aﬁtlyddefmaml andanodc current
coveril ng t he .an e teri n a ace, a )

A OUECTE 2B OPHFT REROE AT A RS O B e cathode
bagbleREV f?dir@ @{erdhloﬁé Curteay eaueema;ndragﬁtsﬂfmmnﬂdmnm otation

on a _secC ace SIte e [ st ace; a
e A
beéi&h&ﬁiﬂyt& et icpaRutib@hicicathbdé material from thagrexde cuvent icpldector,

IR Bt Sy P Rl S or e

“E@ﬁﬁﬂnﬂé s®hs tbheave lalphd'ahtlyefbattery cells thittar¢ sepaatdgifrom one
under st od t hat t a i s int
beaqqtfrellj pleac gne o&ﬁa pﬁ aﬁ{egf%e\}lg, Qﬂ'}&%{lﬁg &Stﬁgl%g td & Jeasta

nuﬂﬁglepsn@hﬂﬁa'ﬁiteheettl cs and advant ages of various
enbodi ngnt s escrl
%8& X Pﬁ% g&gﬁ? ﬁg'ﬁ}\éﬁlrgﬁﬁﬂa goga r{é?anon that

in the ik pt wth tetal
of déplositssd passivation matdneﬂ wnahé sjwetjb coweri theplumtigoef oedip aisleast on

5 .oth "
e B8 S AR 0O R
r eyoreum nfitht kecont magerdbsrscppricarpluthty esiiefron qﬂﬁeother
ROLLON &
Pk 0 o8 wod SR iy S EAIRE et g stion
S Cmpedapbmscp,pa&atmtlwxgnatgnwm §1§:etﬁoe:pmrﬁ§e a!p@hty of cells at least
e n(tm fhelg'q)idek (ggq AIRE %%%&hﬁt Hﬁtentahl%rrio@ﬁmatmn may be
I'n which" are used as th
pI al n- Engl [ sh equi val ents .of the




30 respective terms "conprising” and "mherein,"
respectively. Mreover, the,ternms "first,"” "second,”
and "thlrg," etc., are used nmerely as | abels, and are
not intended to inpose nunerical requirenent
W%‘@Pﬁfﬁlé%jlects. 34 CLAIMS: 1. A net hod for prPgj umz%oémgm

thin filmlithiumbattery %Bnprising: a)
providing a first sheet that includes a substrate;
and b) applying a cathode current collector, a

cat hode material, an anode current collector, and an
el ectrolyte | ayer separating the cathode materi al

f rQfidol&s SOP AR Brhérbosifbd Rtdaant QohfiQuredidsematethe
erein at | east one of the I§¥ers cont ai hs Iith%gﬁg%

c rAsvVates mastipl, the cathodgagterial, the anqds g RliPgn

| 688droRRE1a9Er sePSraliRy Bl TathO8. @htaisiGrdm tHel akbeelcurrent collector,

conmpounids is patterned at_least in part by a :

prRE Shioy g’ e YT &F e ST el REpEb Ay gpripn of the
5 PRQLQFRSISEs (a0t b Plurkiit) BF biiRry GelRthat QR Rpirated from one

lithi ated d2 by . : ,
CroNiteE bR apTRoR e P, ARG I PO FRAphag g ot leasta

OV&lo1d PGt bAKEErEQRdeRI Ning |ithiated conpounds in the
photol 1 t hographi ¢ process.

. 2.Th t hod of clai
wher ei rinspae eapadinegfs memafﬁg"ﬁ“f’{? mgeéff’gglnfg\%gﬂ%%n I%%e metal
gg!gfég% %lﬁ}rﬁ‘ﬁﬁl}gﬁtﬂ &fbtsctﬁ' ri(ljdi'e Baltyheblﬁy&sghOLm i t hogr aphy
is e cathode mate . 3. T t hod -of
0 claim dn sgpe cebrdingats, g5t (?Rfét {qlﬁ‘%g?si aaTaﬂ?:cgiﬁg%tg-gag on a face
Li &?z@gite the A0 1R4tE98 284 a CiRFONbarrienbiteolgtct lnyer covering the

oL ol OSEBLS, Sho b HLS rs
c| fhBnffand D EIPOIN biriepele@foljb tayenidvering thatanodesnaiesial; and the
R
15 | | iRt 8 £0OPON Baisict/Blclifolpaldyer ondriag tHeamode inatepialrdn a first
byfagc, %23 En? Lxllc}dlgo z[tgrﬁ)g ){hact) r?n(:"t:liUfadteis RR)H.IIIE altltP § Lﬁiﬁﬁ tb%x%é%ﬁttrolyte
layer covering the anode material on a second face opposite the first face; and means
for sandwiching a polymer electrolyte material between the LIPON
barrier/elecirolyte layer covering the anode material of the first sheet and the LiPON
20  barrier/electrolyte layer covering the cathode matefiél of the third sheet.

- It is to be understood that the above description is intended to be illustrative,
and not restrictive. Although numerous characteristics and advantages of various
embodiments as described herein have been set forth in the foregoing description,
together with details of the structure and function of various embodiments, many

.25 other embodiments and changes to details will be apparent to those of skill in the art
upon reviewing the above description. The scope of the invention should be,
therefore, determined with reference to the appended claims, along with the full
scope of equivalénts to which such claims are entitled. In'the appended claims, the
terms “including” and “in which” are used as the plain-English equivalents of the

3o respective terms “comprising” and “wherein,” respectively. Moreover, the terms
“first,” “second,” and “third,” etc., are used merely as labels, and are not intended to

impose numerical requirements on their objects.



7. The nmethod of claim®6, wherein the electrolyte
conprises Li PON. 8. The nethod of claim?7, wherein the
wet chem cal treatment conprises application of a
non- aqueous solvent. 9.The nethod of claim8§,
wherein the wet chem cal 5@atnent addi tional ly
conprises application of plasna 02 chem stri es.
CLAIMS:. The nmethod of claim 1, wherein the
phot ol i t hogr aphy operation conprises a)

appl yi ng a phot oresi st terial to the surface of at
Lo éa%qué%@ meducing a fhig il r%&m DafiRry Sy at ed
COIROUIkS3 first sheet thabjncipd@aesistmag; 4sle phot or esi st

2@@%}’%’%%8@%%%%%&%’8 8@ 58{6% %Etﬂode I}Ml%nal an anode current collector, and an

electroljss;lay < perratiee e rBlege Buteriplyn E;]PF 2pqde CW f§f9¥he stbsirate;
nah&tinat least herog e ldefsiconthigs Hihited doapdngm amis k ed

p?vr'ler!alrol nf' %J %OL g%grlea&%qg gf tﬂé rL t&lﬁ;lrﬁﬁgelﬁhﬁgﬁpmﬁdg is

portions O ayer cont I ni g
patternieql atHpagk 1@@&1@ MMJéhog@p%gperatlon comprlé)ng FEPRY O g p{gresist material

from (KeSlRjRk mﬁﬂu@mhﬁfe& SoBpoudd 8ra mbceﬁsr md]mdlm Wwelyhemical treatment
w11:hou§ gsnutlagtaa n@'ot?xgnve later oexlrte&tﬁ Pagﬁl%gﬁ'tggﬁ% hpgﬁﬁm

a|n11 erein
photolifhpgraphiopencessi st is a positive tone photore3|st. i p12.

The nmethod of claim1, wherein the photoresist is a
2. n eazslétﬁoed (gf%palem ?,h %e?gnle | ‘T’ay'er containing lithiated compounds to be patterned at
least in part by a photolithography operation is the cathode material.

3. The method of claim 2, wherein the cathode material comprises LiCoO.

4. The method of claim 2, wherein the configuration of the cathode material comprises$ a

sidewall having a positive slope.

5. The method of claim 4, wherein slope of the cathode material is from about 20 to about 70

degrees off normal.

6. The method of claim 1, wherein the layer containing lithiated compounds to be patterned at

least in part by a photolithography operation is the electrolyte.
7. "The method of claim 6, wherein the el_ectrdlyte comprises LiPON.

8. The method of claim 7, wherein the wet chemical treatment comprises application of a non-

aqueous solvent.

9. The method of claim 8, wherein the wet chemical treatment additionally comprises

application of plasma O, chemistries.

10. The method of claim 1, wherein the photolithography operation comprises

a) applying a photoresist material to the surface of at least one of the layers containing
lithiated compounds,

b) processing the photoresist material to provide a pattern,
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13. The nmethod of claiml, wherein the wet chem cal
treatnment conprises application of an organic

sol vent. _ 14. The net h_od of claim13,
ﬁ)b&.‘lu'ioetlhe or gani c sol vent conprises N15  per/us2007/016276
thyl pyrrolidone. 3515. The nethod of claiml,

wherein the patterning of the |ayer containing
|'ithiated conpounds by a photolithography operation

is carried out wthin about 72 hours of initial
formati on of the |ayer containing lithiated

conpounds. 16. The nethod of claiml,

wher ei nct Bgplpiag taeleniloger o6 renfuse pagtions obihe phoforagyisp Material,

lithiated c ds b i TORg
L e SR R ROMP oV e DN A S0P HANer QB Rl fniatea

f oesrapdids,0f the |layer containing lithiated

RIS W M R A R S

el egd rol yte conprises UPON, and the electrolyte over

cat hode overl ay/ underl.ay distances ar.e t o
to _abouf’) W‘fﬁ"& ﬂ’ﬁ?"ﬂ%’PX‘éa’ 8t.°r§'§§@.a‘%?ﬁleﬁ§rregﬁ%@g%fmémnmg
CL'ﬁtHﬁt&chcamytteﬁlak by & et eleadtal aeytrenconpl et el y overl ays

t he cath ‘ 19. The, net hod of cl.ai. .
wherei n! gT ﬁ%@ﬁho{j\%c%fm ;{ hEnee % E%s%hoé?rg%% 1%}1 ?3356% $Phg
tﬂgh@aiebi@de current collector, the cathode materi al,

the ano rrept .cel] ector t.
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14. The method of claim 13, wherein the organic solvent cbmprises N-

Methylpyrrolidone.

15. The method of claim 1, wherein the patterning of the layer containing
lithiated compounds by a photolithography operation is carried out within about 72
hours of initial formation of the layér containing lithiated compounds.

16. The method of claim 1, wherein the patterning .of the layer containing
lithiated compounds by a phdtolithography operation is carried out within about 48
hours of initial formation of the layer containing lithiated compounds. -

17. The method of claim 1, wherein the cathode material comprises LiCaO»,
the electrolyte comprises LiPON, and the electrolyte over cathode overlay/underlay
distances are from about 5 to about 20 microns i)er edge.

18. The method of claim 17, wherein the electrolyte completely overlays the
cathode. ‘

19. The method of cl.aim 1, wherein at least two of the process steps of
applying the cathode current collector, the cathode material, the anode current
collector, and the electrolyte layer are carried out in different processing apparatus,
wherein during the production of the thin layer lithium battery, at least one layer
containing lithiated compounds is exposed to ordinary air conditions between .

process steps.



