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A METHOD OF FABRI CATI NG FI BRES COVPOSED OF SI LI CON OR
A SI LI CON- BASED MATERI AL AND THEIR USE I N LI THI UM
WREHOHMSXIEABLE BATTERI ES. The invention rel at esP€DGB2007/000211

nmet hod of fabricating fibres conposed of silicon or a
silicon-based material andytheir use the active anode
material in rechargeable lithiumbattery cells. It is

wel | known that silicon can be used as the active
AaMEEHOE &F EAB?JC&ATH@G&?I@&&ES €0MPIOSEDIOF SILICON OR A
el ectrochem cal cell ple, Insertion

] o IGONHABED MA SEREAEHSNEY AR USH v LTHIUM

Batteries, E. Spahr,
and P. Novak .n“@ﬁﬁﬁ%ﬁgﬁéﬂiﬁﬁﬂ&w 10). The
basi ¢ conposition of a conventional lithiumion
rechargeabl e battery cell is shown in Fig. 1 including
THe @fvaRtibh eclafsad aanetpdalfdabricddinhg fibesconpuied bl bidides or a
replaced by the silicon-based anode. The battery cell
silinom-bdses matarm@ and dledit ubnitherrmyivalagodé nutenda invechargeable
&ge cel | leﬂbattery cell generally conprises a
li ‘ﬂiﬁé}at@WF collector for the anode 10 and an
alum nium current collector for the cathode 12 which
are externally connectable to a load or to a
Itfi€ GANE e §AY SR oATaANR R 'aé“tlﬁa adiv et BRREEMO a
conposite anode | ayer 14 overlays the current
rechhigeablerithiinadon aldctrbbhermoabmlh(seenﬁ)rmmple Insertion
oxi de- based conposite cathode | ayer 16 over| ays the

Elgairederylaictpls det Rechergeakle bithipm 3&*@?@& Mo Yémiterp .

%@é . B P vkt RRE N RR AR R a?ﬁﬂ The

q & rgﬁﬁfﬁﬁn %%%n%ﬁ’?@ﬁd}tlﬁhiﬁ%ﬁ Sfechaydabld zﬁﬂ:‘ijy Rell is

ectrolyte nmateria ,
shown in Fig. 1 including a graphite-based anode electrode, the component to

be replaced by the silicon-based anode. The battery cell includes a single cell

but may also include more than one cell.

The battery cell generally comprises a copper current collector for the anode 10
kand an aluminium current collector for the cathode 12 which are externally
connectable to a load or to a recharging source as appropriate. A graphite-
based composite anode layer 14 overlays the current collector 10 and a lithium
containing metal oxide-based composite cathode layer 16 overlays the current
collector 12. A porous plastic spacer or separator 20 is provided between the
graphite-based composite anode layer 14 and the lithium containing metal
oxide-based composite cathode layer 16 and a liquid electrolyte material is
dispersed within porous plastic spacer or separator 20, the composite anode
layer 14 and the composite cathode layer 16. In some cases, the porous plastic

spacer or separator 20 may be replaced by a polymer electrolyte material and in
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di spersed within porous plastic spacer or separator

20, the conposite anode | ayer 14 and the conposite
W@ 20008353 ayer 16. I n some cases, the porous pPEEGBR007/000211

spacer or separator 20 nay be replaced by a pol yner

el ectrolyte material and igsuch cases the pol ymer

electrolyte material is present within both the

conposite anode |ayer 14 and the conposite cathode
suchyaseslifie pbygmert ¢lectbalytempteril is presént! wighinHzoth i

l'ithiumhas been transported fromthe |ithium
casapesiterinoge dsteall 4puddhe gomposte epdode XA G nt o t he

gr aphi te-based | ayer where it reacts with the graphite

to create the conmpound, LiC6. The graphite, being the

cal. . ocial ,

Whkhe PG RIS NRE LRI RN inel oA Sog RN fi the

lithidrh deataieihgdnéthbdxidbeid sodectesigtteintatie graphitobasedlager
used in the sense that the battery is placed across a

wheizdt reacts with dne graphite ie crate thet dranpaind, Eahg. Theegrapbie,
as an active ano material in.a_lithiunt]on
being kg %@9’59@1%@% BFldVG materialdn thy ?q%a?ﬁlfvwdﬁﬂaen has a

capaci t han u nt.l y. i i J & »
i BsRpariLet 8 MR ItIHEE HoBtRRmE ol e and
«afieti S P B e Inthd RefdAhht @RRIepRes $l18bdd adt8ss &load.

capacity of 4,200 mAh/g. Existing approaches of using

a silicon or silicon-based active anode nmaterial in a

lithiumion electrochemcal cell have failed to shaw .
Itds gengralby belipend thet lieen. when usd 25 #itVsamoge material in a

.char ge/ di schar cyecl es d are .thu i I el
1 TestEnEiie SiF O S ol Gu RO RO TIRGRY Fhinf the
i .
A e N L R O e
reapo® prilalithilh idan efsottochsmiel wellnyds deapacity fdf dg20mAh/g.
coated onto a copper current collector. However, this
el ectrode fails to show sustai ned capacity

Existing approaches of using a silicon or silicon-based active anode material in
a lithium-ion electrochemical cell have failed to show sustained capacity over
the required number of charge/discharge cycles and are thus not commercially

viable.

One approach uses silicon in the form of a powder, in some instances made
into a composite with optionally an electronic additive and containing an
appropriate binder such as polyvinylidene difluoride coated onto a copper
current collector. However, this electrode fails to show sustained capacity
when subjected to charge/discharge cycles. It is believed that this capacity loss
is due to partial mechanical isolation of the silicon powder mass arising from
the volumetric expansion/contraction associated with lithium
insertion/extraction into and from the host silicon. In turn this gives rise to

agglomeration of the powder mass in electrically isolated “islands”.
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when subjected to charge/di scharge cycles. It is
believed that this capacity loss is due to partia
wore@hnasiisal i solation of the silicon powder nmaRGI/GB2007/000211
arising fromthe volunetric expansi on/contraction
associated with lithiumingertion/extraction into and
fromthe host silicon. In turn this gives rise to
aggl onerati on of the powder mass in electrically
i solated "islands".ln anot her approach described by

Chara et al. in Journal of Power Sources 136 (2004)
Inzoetisoapprodcholesebed/ by Shara et dnibl enrpalcadd?owey pources 136

OBl Bl e SR S A pocad
¢ L : 1
R I R MR R S e 0 £t el
HEREvED RhORES thi§ bppiohch 8Bved gobdicaghaity Laedtich, alio dnbaly the
of capacity per unit area and increasing the film
casbifokveyshinofihy endithais Itheserstimetures flo oap givet ysapleramaints of

R LT T
S2004/ 0126659 il [ . ' .
o SRR AT S e R B ot

[ithiumbattery. However this is found to provide an

uneven distribution of silicon on the nickel fibres
Inhagleersipproddhcdusttipediin ©62004/04p6659,i stlicorl i3 eampotaéed onto

approach described in US 6,887,51 1, silicon is
nickelfdhres achidhare then ysehtntancihsmmeds ob etlpthivan batteeat e

RS AL SEness, LR o U 0T T L B e i
ﬁlf)ﬂeF ReREE ﬁgﬁiﬁkﬁaﬂﬂ?’ Jfﬁrcﬁhg'o:pbﬁitﬁm‘?f silicon. These
p n the b

iTlhars c n-revers y react with lithiumions
and good capacity retention is achi eved. However, the
process does not function well with thicker film and
Int s therextproachodescribedritilUsnG, B BT St hesiicon imevaporated onto a
oo o B P b RAR ol P SR o

During the initial lithium ion insertion process, the silicon film breaks up to

form pillars of silicon. These pillars can then reversibly react with lithium ions
and good capacity retention is achieved. However, the process does not
function well with thicker film and the creation of the medium-thickness film is
an expensive process. Furthermore the pillared structure caused by the break
up of the film has no inherent porosity such that issues may arise with long

term capacity retention.

The invention is set out in the claims. Because the anode electrode structure
uses fibres of silicon or silicon-based material, the problems of reversibly
reacting these silicon or silicon-based fibres with lithium are overcome. In
particular by arranging the fibres in a composite structure, that is a mixture of

fibres a polymer binder and an electronic additive, the charge/discharge process
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up of the filmhas no inherent porosity such that
issues may arise with long termcapacity retention.
wah@7ossienti on is set out in the clains. BecauBer/GBe2007/000211
anode el ectrode structure uses fibres of silicon or
silicon-based material, thg problens of reversibly
reacting these silicon or silicon-based fibres with
lithiumare overcone. In particular by arranging the
bdcolies Fevdrsible ang ogieatabld and pood capavitly retendioniix beliieved. In
fibres a polynmer binder and an_el ectronic additive,

addhteorcﬂmrlgémﬁrsmh&}mgb the fbeesswe laifean pageds |adwéntaa@s By
pragilid BisREarRaRgE- T merof SRR Ml S BRRE
reﬁéﬁ%l%%hﬁ%ﬁ?%ﬂ??@h@ﬁ 18&8&?%‘?‘3“?‘8@%?%?%?%@% dcant

mEERARd AN SRaibRr BonexaapRithe fibyes ma?/ vler deghasieet x4 4 feltibr felt-
ri sk of significant mechanical isolation. For exanple

litehstrddtimree dnrthy chee dﬁ@omnpesiteaﬁr@mm thisoganf g withkbe
structure. In the case. of 03|te s%mcturethls

addationsd camnenents, suthe felitap ﬁeﬁ%le helMEsre c an

Ie bi nder or, mhere structurally
stgbzﬁwat}ylagpgo %gslgoseFurt hermore, a sinplified method
of fabricating fibres is provided conprising etching a
substrate to produce pillars and detaching the pillars
F@rtiesrhdiragn sintplifiest metibdoffabsicating Spresdaphovided comprising
Enbodi ments of the invention wll now be, descrihed, b

y
em)amga substregsl to, prailuee piblaey akdetaghingdhe pylareprovading a
M}g ld; i S a schematic di agram showi ng the
Pldampeclty cell: Fig. 2 is a magnified
photograph of an el ectrode according to the present
i nventi on;
Embodiments of the invention will now be described, by way of example, with

reference to the figures, of which:.

Fig. 1 is a schematic diagram showing the components of a battery cell,
Fig. 2 is a magnified photograph of an electrode accordiog to the present
invention;

Fig.3 shows a first cycle voltage plot for a silicon fibre/PVDF/Super P

composite electrode.

In overview the invention allows creation of fibres or hairs of silicon or silicon-
based material and the use of these fibres to create both a composite anode
structure with a polymer binder, an electronic additive (if required) and a metal
foil current collector and a felt-like electrode structure. In particular it is
believed that the structure of the silicon elements that make up the composite

overcomes the problem of charge/discharge capacity loss.
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Fig.3 shows a first cycle voltage plot for a silicon
f br e/ PVDF/ Super P conposite electrode. In overviewthe
w0 pooafogileh al l ows creation of fibres or hairs PET/GB2007/000211
silicon or siliconbased material and the use of these
fibres to create both a cogposite anode structure with
a polynmer binder, an electronic additive (if required)
and a nmetal foil current collector and a felt-Iike
Be/lleyihg ddevosthe ftires & a bompasite oufedt on 4 félslikelstravimde,tthattis a
t he structure of the silicon elenents that nmake up the

plesisy of etongats @romg thinetibies pylagh 6¥Oséﬂﬁ¢f§@/mp§k§|¢dﬂ@]élple
B the.fib
ingH8 o 4o 3 mbte BY pthet BTIOVE i piderh s YFHBRRL
¢ .
indoe bARAE freiher, TR0 phoidm df ShETpMAEL SRARIE/ 10k01s
rddﬂbé’d down in a random or di sordered or indeed ordered

manner, the problem of charge/di scharge capacity | oss
i s reduced. Typi caIIy the fibres will have a length to

150D G 2 B R T
A L %ﬁtﬂa:atl aglga&t er%h*eﬁ b e et PR RIS

ving rise to a con Ion ance
cAitadRARG itk nta-nfgt ks aloﬁgtﬁel@ %ﬂgﬂ@ gmhg kR t§al do‘ﬁ?@uratlon
contacts i s negligible. the insertion and
wherathalchaficd off inecimaricdlasdlhagor bhisiag, frcahﬂ:hohgh s1d:mun icomtacts

vol une expansi on, and, vol upe contracti.on, B does no
lsmhslh treAlsp thes inssrtim @&t@w@é of fithipahigo thf'eﬁbres

-fibre electronic cond i S pres rved
A Rl S R A PR ANy ol SanFactiom RRFEhpt ophios the
ﬁ?ﬁ% %EF,J i%@td%stréigf;éigde B%IEHSJ thhg z%t?%g’i‘%% el%EtrBﬁf%rdcﬁﬂhbﬁﬁtﬁs

l'ars sinple

preserved..

The fibres may be manufactured by detaching pillars from a substrate. In
addition the manner of fabrication of the pillars may be provided by a simple

repeatable chemical process.

One manner in which the pillars can be made is by dry etching, for example
deep reactive ion etching of the type, for example, described in US application
number 10/049736 which is commonly assigned herewith and incorporated
herein by reference. The skilled person will be familiar with the process such
that detailed description is not required here. Briefly, however, a silicon
substrate coated in native oxide is etched and washed so as to give a
hydrophilic surface. Caesium chloride (CsCl) is evaporated on the surface and
the coated substrate is transferred under dry conditions to a chamber of fixed
water vapour pressure. A thin film of CsCl develops into an island array of

hemispheres whose dimensional characteristics depend on initial thickness,
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repeat abl e chem cal process. One manner in which the

pillars can be nade is by dry etching, for exanple
wa@e®p/osasTti ve ion etching of the type, for exBompG82007/000211

described in US application nunber 10/049736 which is

commonl y assi gned herew thgand incorporated herein by

reference. The skilled person will be famliar wth

the process such that detail ed description is not

whrdwhpes pressure Bnd dhieyof devebyrnenta i iskand astaysproaides an

coated in native oxide is etched and vvash?d so as.to
effpotiyeanaskaiophviich ctahing iecartad outifararpBmle BY reactive 18

; t.ed t h f d t ted .ate i
CE R A R R S 0 R
. ' .

TR SR R SRR otk it Th@ G BE A Al
avweixar acteristics depend on initial thickness, water

vapour pressure and tine of devel opnent. The island
array provides an effective mask after which etching

is carrjed out for exanple by reactive.ion etchi .
Alteeivglyareiary can Dsimeqs &y st FLsHTiRg Hchergal galvanic

hem spheri ¢ i slan . I esj
XLTPHET Bl RS ps s RE i O bpch B opiction ob
oéléltsqrsrpﬂyvﬁﬂ&edosfnﬂxaﬁ abdibh@dsSarfieeh iR dMdEhBY ofRtching a silicon-

etching/using a chentcal gal vani c exchange net hod for
baednpiteriald, Hreogyorhied Henewith byaeferentendy sdqted cadthod wiich

0601318.9 wth commpn_assi gnees and entitl ed "Mt hoglX
mey adsoche wepdahasibieen slifsdeed iRdteagikdQ,, Yt dod feratel, Zhu J.,

R L T L N T
o i S IO, S o ) 55
3@y 37-2742; and K. Peng et al, Adv. Funct. Mater., 16
(2006), 387-
In the preferred embodiment pillars of for example 100 microns in length and
0.2 microns in diameter are fabricated on and from a silicon substrate. More
generally pillars of length in the range of 20 to 300 microns and diameter or
largest transverse dimension in the range of 0.08 to 0.5 microns may be used to
provide the fibres. According to the process the silicon substrate may be n- or
p- type and, according to the chemical approach, and may be etched on any
exposed (100) or (110) crystal face. Since the etching proceeds along crystal
planes, the resulting fibres are single crystals. Because of this structural
feature, the fibres will be substantially straight facilitating length to diameter
ratio of approximately 100:1 and, when in a composite anode layer, allowing
each fibre to contact other fibres many times along their length. The etching
process can also be carried out either on very large scale integration (VLSI)
electronic grade wafers or rejected samples of the same (single crystal wafers).

As a cheaper alternative, photovoltaic grade polycrystalline material, as used
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394. In the preferred enbodi ment pillars of for
exanple 100 mcrons in length and 0.2 mcrons in
waele@mesass are fabricated on and froma sili conPCT/GB2007/000211
substrate. More generally pillars of length in the
range of 20 to 300 m cronsyand dianeter or |argest
transverse dinension in the range of 0.08 to 0.5
m crons may be used to provide the fibres. According
fot eolahpapelocimay aldoebesudedcon substrate may be n- or p-
type and, according to the chem cal approach, and nmay
be et ched on any exposed (100) or ( 110) crystal face.

Biq adt BieullaRi SBRHR £ Althes I Bsuied BBrpil AR
atﬁa'i:hé’(‘ft%ia?%ceﬁq LW ket B€ard g&iﬂﬁé}a dﬂle coﬂ?alﬁéib%%l’eﬂ ?ﬁ L¥ inert

strai’g aci |tat|ngle ameter ratio o

11c?ﬂ§ 0t BREtayioll A subjedted tovhBra-sonia aghapesi Itds fnadethat
a al l omi ng each fibre to contact other fibres

wﬁhmysetvereé sniautasghe highid is éngm ko baherbed aid I‘tg?aprt@cﬁégs biyan

al so be carried out eit very I
elﬁm%%?méﬁorm@n}mév%&% 1351288 thpilless ﬁ“’erlé‘feé‘ct ed

f ingle crystal wafers). As a
re aoggdg‘?o%t éelgggfb%%ag%hot ovol tai c grade
pol ycrystalline material, as usedfor solar panels, nmay
al so be used. In order to detach the pillars to obtain
Tt il Yel dppeeciatelahstdittnattve, medhiods fot lersesingicheillars
pl aced in a beaker or apy appropriate container

inglygleseenive i subsirat sugiace te d@‘l@cbsﬁh@flﬁ)&ﬁ]@Fa‘?&m them

S SO A s b A
idds g%hé Stk 1Bl FOHFAR LG RSHE ﬁﬁes%h@@bf‘%&él&‘i‘de
t at this stage the pillars have renmoved from

111uhﬁnati<$ﬂ bf tiersiBesewafdr. wi I | be apprem at ed t hat
alternative nmethods for "harvesting"” the pillars

Once the silicon pillars have been detached they can be used as the active
material in a composite anode for lithium-ion electrochemical cells. To
fabricate a composite anode, the harvested silicon is filtered from solution and
can be mixed with polyvinylidene difluoride and made into a slurry with a
casting solvent such as n-methyl pyrrolidinone. This slurry can then be applied
or coated onto a metal plate or metal foil or other conducting substrate for
example physically with a blade or in any other appropriate manner to yield a
coated film of the required thickness and the casting solvent is then evaporated
from this film using an appropriate drying system which may employ elevated
temperatures in the range of 50 degrees C to 140 degrees C to leave the
composite film free or substantially from casting solvent. The resulting mat or
composite film has a porous and/or felt-like structure in which the mass of

silicon fibres is typically between 70 percent and 95 percent. The composite
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i nclude scraping the substrate surface to detach them

or detaching themchem cally. One chem cal approach
w@pprogaisate to n-type silicon material conpriBEFGB2007/000211

etching the substrate in an HF solution in the

presence of backside illungnation of the silicon

wafer. Once the silicon pillars have been detached

they can be used as the active material in a conposite
firnedl haoe al perbéntage porestotame of O3 @ percent, lpsefeffably about 20

fabricate a conposite anode, the harvested silicon is
pdrcénter ed from sol ution and can be m xed with

pol yvi nyl i dene di fluoride and made into a slurry with

a casting solvent such as n-nethyl pyrrolidinone. This

Aﬁ %Myofcggo%x%%@%@% e%%lib @ Quré Qﬁ‘{aﬁﬁﬂgs fheBmPBR e} out

r conduct | substrate or

AP kBowWh YR Fe@l 4. yAweﬁtanarng et or folnlikaytrotthes may be
appropriate manner to yield a coated filmof the

prodgoéd axla shéat matesiabindt nbeessarslyi ama sotrerteollestarhend act as
evaporated fromthis filmusing an appropriate drying

1t%9¥¥ﬂéWﬂﬁﬁF eell ¢&d9T-enpl oy el evated tenperatures in the
range of 50 degrees C to 140 degrees Cto | eave the
conposite filmfree or substantially from casting

FEickeidh-of Eig glﬂﬁﬁfﬂt ?drﬂgatf@ cOll tIEERRS ddh B EdTriBADuRin any

por ous an ructure in which the mass of

asproprigte hateesot sxdnipledfellbyiletheegamerdl spacomatshawd i8Fig. 1
percent. The conpositefilmw | have a percentage pore
butowithne S@lﬂCOIOOB@hp@m based, ao@wg fa@pé@) matemelrethey thasy ¢ graphite

oA SRS L, SUES S SHEL IR SRS e
1 ef Qf&é&é’fﬂ)y e péiobs aée? llF 4#6@6&}612&[ éHd%d"fBXh@ﬁnal
uce as -a sheet rraerla ot necessarily on a
st?&&’{tilfl&rgauﬁﬁ‘uhg allahy agndatie borsyolumeoThe electolyte addition is
col I ector
done after placing the electrodes in an appropriate casing and may include
vacuum filling of the anode to ensure the pore volume is filled with the liquid

electrolyte.
Please see the following examples:

0.0140 g of silicon fibres were weighed out into a 2 cm® Bppendorf centrifuge
tube, and 0.0167 g of Super P conductive carbon was added. N-methyl
pyrrolidinone (NMP) was then pipetted into the tube, until all the materials
were dispersed (0.92 g). Previously, PVDF had been dissolved in NMP, at 7.8
wt % PVDF. A quantity of this solution was added to the tube, containing
0.0074 g of PVDF. The mix composition was thus Si : PVDF : Super P =85.3 :
4.5:10.1 wt%.
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Fabrication of the lithiumion battery cell thereafter
can be carried out in any appropriate manner for
we@x@mosasf ol | owi ng the general structure shownPCTGBR@7/000211
1 but with a silicon or silicon based active anode
material rather than a gragphite active anode materi al.
For exanple the silicon fibres-based conposite anode
| ayer is covered by the porous spacer 18, the
TEE @6bd Sast Slageitiénl ahoulthgodicrivdth sfor Lmteuhmzsa:bulmnog@nse the
all the avail able pore volune. The el ectroly

métdie, iand then stimed o1t a Furgheadiong. Thmslarréfcwa%a@y m’c%onto 14

a I
ufﬁé’-fp?a%%'a% fustiagna fomaegs rattys e £ BT Pisbim Fhe ereting
' gfwﬁef@tag°+q%loﬁ TAPEIBr BE YL 1 gg%wi‘afegtlhgpgm §vent

=ARE e fthickBEds' dff the %ohtéaq I\E@r\dam@m g0 FiguRe sidws
con t|ve carbon was ad met hyl pyrrolidi none

arf BER] ofvasithiigmmpt pmdbeatmg;tvuth he Supblel? caritan. al |l the
materials were dispersed (0.92 g). Previously, PVDF
had been di ssolved in NW, at 7.8 wt % PVDF. A

LRI o AL SRR MR B0y i

dlj{aﬁ‘t)é?ersbf 12P1¥19'1: Th«%éoﬁfer aSsebldd: 1n€o électr%ghém‘i@a%c'ém in an

placed in an ultrasonic for one hour, to

%@mma §©V§ bex NThé¢ voenteneldctrbésn aﬁd refem!hcé electrddantdrerboth
The slurry was then coated onto 14 nm copper
lifhguin, metalnGhe mOéytebwasj &.iRFs in & wixdyee ghereamio carbppates.

Thogell v Eafionat YRS deises R AR Ripti pky e @l was
h«-[éla G KREP ﬁg%&nt &? e HORL & dltﬁéﬁeﬁt W@? A unﬁptH@PquirSd‘ fithidtion

OoWs an a sim m x and coating, Wt
caphRey Wascah@rd. The electrode was then delithiated at + 0.2 mA,up toa

voltage of 1.0 V vs. LV/Li". Figure 3 shows the cell voltage during this first

cycle.

A particular advantage of the approach described herein is that large sheets of
silicon-based anode can be fabricated, rolled if necessary, and then slit or
stamped out subsequently as is currently the case in graphite-based anodes for
lithium-ion battery cells meaning that the approach described herein can be

retrofitted with the existing manufacturing capability.

A further advantage of the arrangement described herein is that the structural
strength in fact increases with each recharging operation. This is because the
fibres are found to “weld” to one another as a result of the disrupted crystalline
structure at the fibre junctions creating an amorphous structure. This in turn

reduces the risk of capacity loss over multiple cycles as there is less risk of
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The coating was lightly rolled, and then el ectrode
di sks were cut out with a dianeter of 12 mm These
wowree/osHsenbl ed i nto el ectrochem cal cells i n BPOT/&GBY®M000211
filled glove box. The counter electrode and reference
el ectrode were both lithiyg netal. The el ectrolyte was
LiPF 6 in a mxture of organi c carbonates. The cell
was tested on a VMP3 device. After a thirty mnute
mseladaicdlisolagdn ofitie fileded oate theOfiireshetome gooneetad in thed
then at - 0.2 mA until the required lithiation
menpercdasgribed alb@ie. eved. The el ectrode was then
delithiated at + 0.2 mA, up to a voltage of 1.0 V vs.
Li ZLi +. Figure 3 shows the cell voltage during this

fj. i.cul f QRCAH
1t SR ared, BROQUS) by 28y AHrBEa R apbR AR AR optcd
inPQee I ARivRa Hiabipatcts andldppdratiis deceibsdnpovanbot hen

slit or stanped out subsequently as is currently the

exasgleithe gilkahictaehbregseptrationiean tomptise Anyiaf pohaliagt sqgping,
cel | s meani ng t hat thi@]appr oach descri bed .herei n %a,rgrt ¢
chissnical popther apeTalion 25 fngss RYPRATRARTXE] (ot e substrate to

I lity A f hey. t -
oS st AR Sy
N e L

exdmplertespiirt silfconhur dipedusiicen arothendilicorebesedmaterial guch as

the fibre junctions creating an anorphous str;i,tur .
a THicon;germanhinm saigbas of sy otky apPreRiiae Mg i"@\ﬁé‘EStrate

LB 8 oS 508 ShAubREERR £ 00
O BfC to??texggy %P% sudbteal JiR&Sh, F8P¥Eample Gk, DeThe

appreéi-a course, tHat any appropriate approach
fibdy 8 RARUEEr hily apgtepriate purposesuth dshfabepaiemofielsctrodes

and appar atus described above. For .
generally including cathodes. The cathode material can be of any appropriate
material, typically a lithium-based metal oxide or phosphate material such as
LiCo0,, LiMn,Ni,Co;.,,0; or LiFePO, The features of different embodiments
can be interchanged or juxtaposed as appropriate and the method steps

performed in any appropriate order.
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exanpl e the pillar detaching operation can conprise
any of a shaking, scraping, chem cal or other

wop@rasgileh as |long as pillars are renoved fronP€Ti6€B2007/000211

substrate to create fibres. Reference to silicon-based
materi al includes siliconygphere appropriate. The

fi bres can have any appropriate di nension and can for
exanpl e be pure silicon or doped silicon or other
silicon-based material suChims a silicon-gernmani um

m xture or any other appropriate m xture. The
substrate fromwhich pillars are created nay be n-

or
-t , j . 100, t 01 Cm ¢ ' .
b o S0 weiel Sheb ORI ibled ab i A ekl flerial
The fi fo@lhi ' -
cuch alo RS PE SKRERTCRIIAEY STRRICRLSEHE e Ao based

cat hodggbstietcaake ?ﬁlaﬁ‘ﬁhﬁd idetachiig the piflararfyom the substrate.
appropriate material, typically a |ithiumbased netal

oxi de or phosphate material such as Li CoQ2,

Li MixNi xCol-2XQO2 or LjFePQ4. The featur of. different
cRboi HeRESIELH HAEH Br A ot WhICh (it SRBSdy  §drasvetse

appr op b B BB C00s TRE pREHS FRfGr B microns
fibres ;9 . JehstBAA t8E ra'illfg%ijd 1©IDPRSE@En fPtefEiadly 100 microns.

conprising the steps of etching a silicon substrate or
a silicon-based substrate to make pillars and

detaching the pillars fromthe supstrate., 2. A nethod
ad. cl aittntthed a9 elppmad HhCl@HndHnt‘ﬁgwilitg‘F 3@%&%@ an aspect

transverse di i-ans in the range 0.08 to 0.5
mcr ong?ﬂ%Png&ﬂ&O@?@. 2 microns and a length in the

range 20 to 300 mcrons preferably 100 mcrons. 3. A
nmethod as clained in claim1 in which the fibres have
am, aspegindthdd 8s cthiraddiit clafif:1] claim 2 or claim 3 in which the

fibres have a substantially circular cross-section.

5. A method as claimed in claim 1, claim 2 or claim 3 in which the

fibres have a substantially non-circular cross-section.

6. A method as claimed in any preceding claim in which the pillars are

created by reactive ion etching.

7. A method as claimed in any preceding claim in which the pillars are

created by chemical reaction etching.

8. A method as claimed in claim 7 in which the pillars are created by

galvanic exchange etching.

0. A method as claimed in any preceding claim in which the pillars are

detached by one or more of scraping, agitating or chemical etching.
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4. A method as clained in claiml, claim2 or claim3
in which the fibres have a substantially circular

claim2 or claim3 in which the fibres have a
substantial ly non-circul agpcross-section. 6. A method
as clained in any preceding claimin which the pillars
are created by reactive ion etching. 7. A nmethod as
claimed in any preceding claimin which the pillars

are created by chem cal reaction etching. 8. _ A nethod
ad0c| atmethal as elpymed inranppreReding claim &y whighdhe siigoapr
by gal vani c .exc

. hing. 9. A hod, as. cl aj
in any SRR %%g%il tolc‘:)ﬁllmsﬁln e8 Qe Rl neuﬁ‘fit Plg%(} gﬁ g%ado%%
det achegq. . 3 i ng. : -
chem cariogt fsiBiol By fdinhBauAg. B0 1D ©f

preceding claimin which the silicon or silicon-based
material conprises one of undoped silicon, doped )
sillli cor nretlodid ¢leonedyiar amnpreaedingtolaion imwhich the dibsel is

as clained in any. preceding cj aigﬂn whjch the fibre

is si ngnelessysiasilcon; sHicn-Rased patepakermpstcs g of
conpri ses,one of singl t i.ki.con or silicon
ger nanﬁﬂ’l%lﬁﬁr.ys%‘lﬁﬂcﬁgéﬁgﬁ{%@l r|m?1agl“!élrﬁcel | el ectrode
conprising depositing a slurry containing
silicon-based fibres to forma |layer of silicon-based
filbr es A fizthad oftieatinga cell @levtxbderconh@ising depositihg alslurry
the fibres are single crystal fibres, .

containing silicon-based fibres to form a layer of silicon-based

fibres.

13. A method as claimed in claim 12 in which the fibres are single

crystal fibres.

14. A method as claimed in claim 12 or claim 13 in which the fibres are

deposited in a felt.

15. A method as claimed in claim 12, claim 13 or claim 14 in which the

fibres are deposited in a composite.

16. A method as claimed in any one of claims 12 to 15 including

depositing the fibres on a current collector.

17. A method as claimed in any one of claims 12 to 16 in which the

fibres are fabricated by a method according to any of claims 1 to 11.

5. A nethod as clained in claiPe1GB2007/000211
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14. A nmethod as clained in claim1l2 or claim13 in
which the fibres are deposited in a felt. 15. A nethod

w@goochsdlaed in claim 12, claim13 or clai m14 PCI/GBR@RA000211

the fibres are deposited in a conposite. 16. A nethod
as clainmed in any one of ghains 12 to 15 including
depositing the fibres on a current collector. 17. A
nmet hod as clainmed in any one of clains 12 to 16 in
whgch tAhmethdat &sclaimed abarycanedf dyims t2tthdd iacddck iy
to any of clainms 1 to 11.18. A nethod as clained in
any onelestrodeas aganoda.o 17 in which the electrode is
an anode. 19. A nethod as clained in any one of clains
12 to 15 in which the felt has a percentage pore

Ye g umre oﬁleﬁ%)&’%si @%{n”f@d Benyald o%f’-lgingée*ll AL h3d, %hiolé the felt

ricating a I'um rechar gea conprisin

steps @hs §RAlnEeAbraNeilim@ st ebautme30 peabyntof cl ai ms
12 to 19 and adding a cathode an electrolyte. 21. A

method as clainmed in claim20 further conprising
addi ng a separ at or bet ween, cat hode and helﬁnode.. )
ot

) 22.
A2Ret hdumeshed af fabgicating p dithiuppreshaggegp cqmpag the

conprisjn roviding a [ .ar h [].. .
compos HebY o cbeina Sy s U R R A B 1 LS ona
fabric ' efectBRt@r ecedi ng cl ai n8 as one of
its ac?figglglr?a%%{rﬁ?g{él} Zedcf I?tcorrposi te electrode in
clai m 12 which uses copper as a current collector.

21. A method as claimed in claim 20 further comprising adding a

separator between cathode and the anode.

22. A method as claimed in claim 20 or claim 21 further comprising

providing a casing around the cell.

23. A composite electrode containing silicon-based fibres fabricated

using any of the preceding claims as one of its active materials.

24. A composite electrode in claim 12 which uses copper as a current

collector.

25. A composite electrode in claim 12 in which the electrode is an

anode.

26.  An electrochemical cell containing an anode as claimed in any one of

claims 12 to 14.
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25. A conposite electrode in claim12 in which the
el ectrode is an anode. 26. An el ectrochem cal cell

w@onrasshng an anode as clainmed in any one of BCHGB2001/A00211

to 14.27. An electrochemcal cell in claim15 in which

t he cathode conprises a |ifghi um contai ni ng conpound
capabl e of releasing and reabsorbing lithiumions as

its active material. 28. An electrochem cal cell in

cP@i m Am élactbéhemichlecetkintulaien ¢ 6npmwlbels the ¢cdthode Gerspdses a
nmet al oxi de or phosphate as_its active materi al )

pr ef er SBhipm-ropfaming compawng capiblo REpclessing papesabsothing

A lithi.um rechargeabl e cell anode conprising a | ayer
of silfi Hﬁh@é’aagilﬁ@l"gv%%%ﬁ“'fi bres in which the
fibres forma felt 30. An anode as clained in claim?29
in which the fibres are part of a conposite. 31. An

angde am elesiroEitbrhicabenll mndainh 16liaiwiEcR%hd catBOde comprises
i ncl udi ng anorphous siljcon portions at intersections
of t helithibnebasegbmetal oxide o @hosphatags als aghve enaderial

clainmed in any_one.of ¢l ai 9to 30Q. a cat hode.
33. A @é‘Fﬂgrf’é’éy&lQPQ@Br iﬁ’&’@*&ﬂlﬁégﬁ Wm&g@“t he cat hode
conprises lithiumbased material. 34. A cell as
claimed in claim33 in which the cathode conprises

| hohi um GERAK redhaseslsle c@ﬁl-an_ﬁdg @Mhﬁﬁisﬂ%ﬁ& 18%r bY siticef! |

as clained in any one of clains 26 'to .
based single crystal fibres in which the fibres form a felt

30.  An anode as claimed in claim 29 in which the fibres are part of a

composite.

31.  An anode as claimed in any one of claims 29 to 30 including

amorphous silicon portions at intersections of the fibres.

32. A cell comprising an anode as claimed in any one of claims 29 to 30

and a cathode.

33. A cell as claimed in claim 32 in which the cathode comprises

lithium-based material.

34. A cell as claimed in claim 33 in which the cathode comprises lithium

cobalt dioxide.

35. A device powered by a cell as claimed in any one of claims 26 to 34.



