WO 2010/ 151141PCT/ NO2010/ 000241 ELECTROSTATI C DI SCHARGE DEVI CE AND METHOD
FOR MANUFACTURI NG THE SAME Technical Field The invention concerns
conduct i wwoandy/dissi pati ve el ectrostatic di scharge (ESDpCasNn0208800051S0 5
known as antistatic devices and a nmethod for manufacturing them using
conductive paths of |owcost particles in a curable nonconductive matri x.
Background of the invention Wen two objects of dissimlar materials are

rubbed t E3REEROSTATKOPISEHARGERE¥ICEANPMETHQRX @Rt erial to the other
t hr ough iho, rification. The objects becone statically
char ged Mﬁwmﬁﬁl&#aﬁkéﬁciémati ng positive charge and the other

mat eri al _accymyl gting negative charge. The process of safely discharging

el ectrosfrﬁfl?'lfg)éﬁgF es or preventing or minimzing their occurrence, e.g. in
a manufacturing.or workplace environnent, is acconpljshed ugh. ESD

devi ces. ThUERGRN SR somcHue 14 Senpasive clastiertae discharee G @W%ehoy
char ges RELRRAE dBOALYs Ald LALIBIRY marh@hictert bR, henPESHRBLivE pdiRSoNd
expl gssai ngé'o enmmggﬁliér?g V\/lgst%{fﬁelgmmgFe rfl?lgualicds and géselslg or tévpfr)eve%t
damage t vetaedt ipertickensn & icumblrhjopcorslustichmagixel ect r oni ¢ conponent s or
devices. The term El ectrostatic di scharge (ESD) device as used here

i ncl udes conductive and di ssi pative devices, filns and adhesives There are
many st aBdakgieundlofthdimvemidSD . The ESD 20 Associ ation (ww. esda. org) has
published 35 standards covering ESD in the electronics environment. CENELEC
has i ssughed tieloBRRADLIUIREhIAThALHAs Seaibtuddogdthek QM Eans atRhSRirt® froff

El ectrostatic Sensitive Devices. ESD devices have many areas of use, such
as: 1ESDopamkiggiaklg theotherthrough| theiprogessiof frsboelpgificating Thegibiiects bagemgr es used
to contain.25deyi c .such i car ds . ' LV der

1 anspor tauFIEbpEES vl ik e SRR B i Bl R Tt ORI

bat t er i escamtanggiepaiiv, chaflenThgprces vt safbiywdisdhargingéledtisiatie chirgedat t ery or

capacitor. ESD garnent _ devices such as clothes_and shoes, Lfsed i n many
wor kpl ac preventing or minimizing their occurrence, e.g. in a manufacturing or workplace environment,

is accomplished through ESD devices. These devices have the effect of reducing static
15  electricity charges on a person's body or equipment, for example to prevent fires and
explosions when working with flammable liquids and gases, or to prevent damage to static-

sensitive objects such as electronic components or devices.

The term Electrostatic discharge (ESD) device as used here includes conductive and

dissipative devices, films and adhesives There are many standards relating to ESD . The ESD
20  Association (www.esda.org) has published 35 standards covering ESD in the electronics

environment. CENELEC has issued a European electrostatic standard EN100015 - Protection

of Electrostatic Sensitive Devices.

ESD devices have many areas of use, such as:

o ESD packaging devices including films, bags, and rigid structures used to contain
25 devices, such as graphics cards or hard disk drives under transport or storage. Such
films can also be used in the production of batteries or capacitors, forming a '
conductive barrier inside the battery or capacitor.

e ESD garment devices such as clothes and shoes, used in many workplaces.

o ESD agents or compounds used for treatment of materials or their surfaces in order to
- 30 reduce or eliminate build-up of static electricity



ESD agents or conpounds used for treatnent of materials or their surfaces
in order to 30reduce or elimnate build-up of static electricity WO

2010/ 151 dRB6I/1802910/ 000241 2 ESD nats and floors, rapgirngzbiovssmal |
mats for keyboards and mice and |largee mats or entire floors ESD

wor kst ati ons and work surfaces provide an electrical path to ground for the
controll ed dissipation of any static potential on materials that contact
the surface. ESBShatpand fosmciangisg dmeksihall nifitsdfot keyboards aod oti¢e/anddarger mats

di ssi pati ve canehir@fldbrg be defined as: Conductive: Materials with a

resi stance of between 1kO and 1MO Dissipative: Materials with a resistance
of bet ween «1 VESBnworkJi@ions and Wyek Bifades paivide an dbectiéad path togsomddor be' s
docunent ESD é&dblled ABSipatisroot agstdticepoldifial dromnategaldehdt cbhtactthe symfddecabl e i n
the current context : conductive material, resistivity: A material that
has & surf aceESBgiastsiswéh as daskets.t han 1 x 10E5 ohns/square or a vol une
resistivity less than 1 x 10E4 ohmcm conductive material, resistance: A
mat er i al Thétermp genductye andedissipative cam broadly hecdefinedasi 1 x 10E4 ohns or a

vol ume resigt Bﬁ&cﬁ@ezllﬁﬁéfﬁl?%&g%ﬂ%fa&gﬁgﬁ e OfBwedm1180 RS Ecye f1ooring

material: A floor materia resistance to ground of less than 1.0
x 10E6 ohns. _dissi.pati.ve.floor mat.erial . ..F I ri hat has a

resi stance % oDéﬁsg’&hge‘%?tﬁg%!ﬁwi&l 5! t&ﬁ%e%fnbgkﬁ%& IW%IES%I{{#HB. di ssi pative
mat eri al s; material.. that has a suyface resi r er than or equal
T 1 box ThoElreBaiEhichies Araftots ommarioris AV L08R Riovidd g hnce
greajer IJIRWiRY d&E@éns applicable in the current context :

e conductive material, resistivity: A material that has a surface resistivity less than 1 x

10E5 ohms/square or a volume resistivity less than 1 x 10E4 ohm-cm.

e conductive material, resistance: A material that has a surface resistance of less than 1

x 10E4 ohms or a volume resistance of less than 1 x 10E4 ohms.

15 e conductive flooring material: A floor material that has a resistance to ground of less

than 1.0 x 10E6 ohms.

e dissipative floor material: Floor material that has a resistance to ground between 1.0 x

10E6 and 1.0 x 10E9 ohms.

e dissipative materials: A material that has a surface resistance greater than or equal to 1
20 X 10E4 ohms but less than 1 x10E11 ohms or a volume resistance greater than or equal
to 1 x 10E4 ohms but less than 1x10E11 ohms.

The present invention concerns conductive and dissipative ESD devices, and we use the
common term ESD device for these. The term “antistatic” is also a common synonym for
“electrostatic discharge”, e.g. used in “Antistatic device” as a synonym for ESD device; i.e.

25  we use the term ESD device as equivalent to antistatic device.

In the production of such conductive and dissipative devices like antistatic films and bags,
shoes, mats and floors, polymers are well suited for use at the outer surface. Other materials
that similarly can change viscosity during production are also suited. The materials are

manufactured into a film or a sheet which can be laminated or a liquid coating which can be



to 1 x 10E4 ohns but less than 1 x10E1l1 ohns. The present invention
concerns conductive and dissipative ESD devices, and we use the comon term
ESD devi cwoforo/ishese. The term "antistatic” is al so a ceorNo28ym@nym f or
"electrostatic discharge", e.g. used Bn "Antistatic device" as a synonym
for ESD device; i.e. 25 we use the term ESD devi ce as equivalent to
antistatic device. In the production of such conductive and di ssi pative

devi ces bprigedaon drshatéicd a'hbpm mnahdothes cursdh bg spontadenus raictidrool the matdriakers

are well su ted é}gr use at the ou\tﬁ/r urface. Oher materials that

simlarl §€ ﬁatE‘h the upe oL &:&i 1At AL r}bgi’ﬁroductl on are also suited. The
materials are manufactured into a filmor _ a sheet which can, be I?n‘i nat ed or

a liquid I%KtCPHQCMU@HV%H‘HYE’Er coptgining sraterials 9anchy aspd ap hegpixire 9T 8 pr ayed on
or the d he

mat eri al Egggl%ég{ce er at&gdgé;} hﬁﬂﬁ&é%‘{gip Qrsf’é’mﬁﬁﬂfg?%g? "f ?%ﬁ?r %Plggngll&cal |y
condutt i vendaotiyenmolymerst ai ni ng materi als can be based on the m xture of a
pol ymer matrix and conductive particles (fillers) enbedded into this
matrix, BleciritAly esrdugtibe 0diskipdtive poaiey Maaterialsivadth are af interestrtd s invention

di ssi pat| ve polynmer materials which are of interest to A&WI S i nvent h\g};’)lgersre

based onatenkasad QR thegniturg of 3 RepsrRdEEY KeePobansFRatrixaNd condych ve BHtIEles

particle I | yners
B al so o R e o e e Y T ve
or dissi peridonduom«polyaiess cdifoitheondidiive ondissipativel matenzlds.nges sonme of the
bul k properties of the polynmer matrix. These changes are frequently

undeg) r althe€additiéh otaﬁldhicchme somfe ORiherbiulk prdpertivgbhthapdlyntca megprx €Fteye and
change in col our. is inpartant to lower the fjller content to mnimze
these ef Fhanges are ﬁfeﬂh@lﬂdr@é‘éﬁfabi% §€nt Aefieas dn puisriabstrengih and transpyency an

g)C(IIh SZISVG ﬁaﬂgf hpgqlﬁlheg% ixﬁﬁdr‘a}ﬂt fb%%%k er conteR 3 IifinGige %1@?4 &tectsTet al

par or. ca on particles such as carbon 15
nanot Ubefr} t&)g\rrlé%% e?ltlgﬁtﬂ?({ ;(ije}g elcrﬁ c?ig bP ?in%dﬁ%f\f 'a?lﬁeﬂlé é(legtﬁ@% édnﬁﬁ 1v-£he
el ectrica con YGVe o Sl pa yner B ar e usua y pro uced
by m xi ngaﬁlbks fméthlemefaibﬁi’dee,lmmlt-dbl]ald)pdmm of ealbnn padicles soctd®srcattmnhave a
conductive m xture the anmount of filler materia st. exceed t he
per cbl at hawtubss ESNEPY Thrmatenaly canalso l??aﬂ}@c??‘?‘ﬁ“tyé’ﬁ GUYE; rre and nust be
re-m xed grlor to use. A commpn_problemis that a fil mor x’r even when
20 nanuf &be eleetsically %pndnpmm%dlwnar@ﬁ@ﬁ@lymm filmsarearspally. madwcs—fi apxHgdhe vi ty
because r t

wel | - kno&;ﬂgﬁ Iﬁ&tlehﬁ Wl%g gh ge(r:\égsynﬂmb et ég‘?n‘%t OEME u%lél mll-;{?l%g@pea%h@mtl ties
of fill eﬁllafahﬁtenﬂl Iﬁusartd(caai thepercohition mreshbld: Mllxedmﬁté;diﬂa]havarlin)atedrtﬁ‘ethmaandl nt

of fillers can be mxed with the matrl to I(—;;lal({:lﬁé,l? st abl e m xture.
Hi gher aRsthedernixed REET 958 <R CQ’@B&“&H‘ gt m-p; [3VEF BYSR WHSS s probl em

i's fyndageph@butdd B3 Brm thickness, will have non-uniform conductivity because the filler

material will not distribute evenly. The problem is well-known in polymer physics and stems

from the mutual incompatibilities of filler materials and polymer matrix, which means that

only small amount of fillers can be mixed with the matrix to lead to the stable mixture. Higher

amounts will macrophase separate with time. Therefore, this problem is fundamental in nature.
25 Moreover, the mixing process applied for higher filler quantities must be so vigorous that the

filler particles may get broken.

US 4269881 and US5348784 teaches the production of carpet products where conductive
fibres are mixed into the base of an adhesive. US4724187 teaches the similar for conductive

laminate flooring.



25 Moreover, the m xing process applied for higher filler quantities nust
be so vigorous that the filler particles may get broken. US 4269881 and
US5348784woeanhissi4t he producti on of carpet products whereroodiooiodse fi bres
are mxed into the base of an adhesive. US4724187 teaches the simlar for
conductive lamnate flooring. WD 2010/151141PCT/ NO2010/000241 4

US2005/ 0206028A1 t eaches electrically conductive flooring formed of a
conduct i ViS200%082060284Ai teashescaleqtrieally condudiive flogripg farmed ot @cgpdugtive doaded

conducti ye. Lve.fihr I ' i in 0, & 9

ve ght - of SPRENFE ey RDE bonkfriseh BiEroR's o E OB e ShATodr Lol AP

i nvent i 0BorhbBimakorslZS & $0% be eveightadif cid total sonduatiee reSinUWVO201@H8094e52 hes an
el ectrical lﬁl conductive floor c veriggﬁeco rising_.a sheet of a

t her nopl &aehes asimilrdnyentiogdpra subsatedrre copdyeting s duct i ng, sai d sheet
having a plurality of holes penetrating there through and el ectrjically
condutt i WS Hidil 689 tencties an elegtrically corslustive lmprargxaryemcananyisinga shestpface

coveri ng,Vi 0 i hNavi i: 1-5S4 Lve el -1 Cal
o opert | Seiigrasl Btk ooRl SabiEk Ry pfcaldbify SuBShEA NIRRT ERAENER . o,
el ect ri cabley paradtiag ihéee thtdughwad elpcaically eenalkctiedmalsiialgfiNing gaiddwthsct i vi ty
and transparency. The CNT can be oriented by exposing the filns to a
shear i NgUSt 41349981catlds a shfadevoivense vinyDNGdr té prdutidtving stajealissipatiye or
di ssi pative discharge w thout having to 15increase the anount of conductive
filler neleetrical propeshesandamethpd of progucips thesd@eani sot ropi c. Ani sot ropic
films can al so be designed so that they have insulating properties in
certdin directions. In EP 1809716 is described a nmethod for nmaking a
directionally conductive adhesive based on CNTs. A tape having an ‘
i nsul at i QiIs7b66241BAdlixlqses al tlettriaaltyacopdnetive fim Wiigssivgleiwedled CND gbiimgt ri cal
contact poipts is de b row n rbagn CNTs .qn a mater,i used in the
tape or 597 BY‘%“&T@%%%We%&%ﬁ@“&?%’%&quﬁ’d FRASIAY edilms tﬁérskle%“dlgt he
tape. Inglds 5429701 is described how el ectric interconnection between
di screet 1ndividual conductors of soft magnetic netal in two layers is
achi eved I~Qh o : 1i Ao E V=T i AfTeT=k esive
nave: par [T EEGpAERR bl CARHSI! pRildy GRRCHELY GehlEe Wilou TGty

15  increase the amount of conductive filler material, conductive films can be made anisotropic.

Anisotropic films can also be designed so that they have insulating properties in certain

directions.

In EP 1809716 is described a method for making a directionally conductive adhesive based on
CNTs. A tape having an insulation base and a parallel arrangement of CNTs acting as
20 electrical contact points is made by growing carbon CNTs on a material used in the tape or

arranging CNTs on the tape before adding the adhesive part to the tape.

In US 5429701 is described how electric interconnection between discreet individual
conductors of soft magnetic metal in two layers is achieved by adjoining the conductors by a
conductive adhesive. The adhesive have particles of soft magnetic metal and by applying a

25  magnetic field the particles can be gathered in an area between the conductors.

It is known that dipolar rigid asymmetric particles or molecules can be aligned by an electric

field; this is especially used for small molecular weight liquid crystals.

In these cases the material having permanent dipole moments is fluid under normal conditions,

a fact which makes electric field alignment possible.



25 magnetic field the particles can be gathered in an area between the
conductors. It is known that dipolar rigid asymmetric particles or

nol ecul eswoamosiali gned by an electric field; this is espaw2aidoporsed for
smal | nol ecul ar weight liquid crystals. WD 2010/ 151141PCT/ NO2010/ 000241 5
Al'igned structures of infusible conductive carbon particles, |ike CNTs, are
known to be forned by chem cal vapour deposition or spinning. A nethod for
t he di r edtligoedhstngtwres bf infus®F soriductveosanbompdricles 3ike TN TsChfEknamm tgbewn i n an

el ectric fiel ich directg their gromh and thus | eads to aligned CNTs
when thefm%\gﬂgmﬂiaglf gef?ogﬁ PRBEE- M xing of CNCs with diverse

mat eri al s has been_ descrjbed in_do nt 20Q6 is description
ONCS. T or Th PEBOR Gotbe AFSQUR BPTH Shie Tnds SR v CRIAt- Gbby s 8G9 Yol an
el ect ri ¢ efeb@lcFidiF whihiifeltsi RAHES with BEhub Ealif 1 ARALRUN TS vehenQht %' i

El ectri ce{elbeicgi afi gnrrerllt Sf carbon nanocomg1 (G\Icgéﬂrrateri al has eer%ng
denon$t r ateeddura isiébnfpetsdnd et al. Col |l oids & Surf A Physicochem Eng.
Aspects 2007 308, 67 and 2009 339 211. In these articles it is shown that

nanocone Mg bBCNds syith diegts¢ matrihlsdas bedn deseribdddn rocamenm W ORG@605ah42 dne
"fibres" when a field of mnpimum50 VVmm s applied. In order to form
fibres M}tlhfi?ﬁcﬂpﬁ‘%gb]ﬁ;ﬁt@@ltSPHBPICFIi“éT“&’sWH*“ ™¥m are used. In Schwarz et
al . Polyner 2002, 43, 3079 "Alternating electric field induced . .

aggl omer & flegumsnt YHI2008089 9 lectric fieldds peedita dnduce sintering i panapartisly ¢osfingn
black filled resins below zero-field percolation threshold can form

el ect ri cdlegtric fintil adignmenhefi cadronsnapbeame 4 CN miatexfial hgg begncdemonstagipd ined

bet n gopper el.eatraode i pped, i nto, the.resin, U hpes a
rot il 1 SPRBED o He AN & AP S ProsolndVR RS Hebsets P0EL LT BE 00 R 2 1
c?r bog Nanesthaticlds IS ER¢h that nbedniThesll dispeiseda silivon &il et foadlesictone
t act
praced ! rs]izg ggno%(c:)ne “fibres” when a field of minimum 50 V/mm is applied. In order to form fibres

within a reasonable time, fields of 400V/mm are used.

In Schwarz et al. Polymer 2002, 43, 3079 “Alternating electric field induced agglomeration of
15  carbon black filled resins” it is reported how carbon black filled resins below zero-field
percolation threshold can form electrically conductive networks when a field of 400 V/cm is

applied between copper electrodes dipped into the resin.

US 20090038832 describes a method for forming an electrical path having a desired resistance
from carbon nanotubes dispersed in a curable polymer matrix. Electrodes are placed in contact

. 20  with the dispersion and electrical energy is applied to the carbon nanotubes until the desired
electrical resistance is reached. A pure semi-conducting connection can be achieved by
burning away metallic nanotubes that may be part of the carbon nanotube mixture, by

applying a current after the deposition. The polymer matrix is cured in order to fix the device.

A disadvantage with prior art is that carbon nanotubes are very expensive and difficult to

. 25  produce on an industrial scale. A dispersion of nanotubes is difficult to store and require
specific manufacturing steps like homogenation or sonication prior to application of the
dispersion to the substrate. The process of making holes in the polymer matrix to be filled by

conductive materials as described in US4101689A is also complicated.



20 with the dispersion and electrical energy is applied to the carbon

nanot ubes until the desired electrical resistance is reached. A pure

sem - condwotzogiscamnect i on can be achi eved by burni ng away/No2zbai/dodnil

nanot ubes that may be part of the carbon nanotube m xture, by applying a
current after the deposition. The polynmer matrix is cured in order to fix
the device. A disadvantage with prior art is that carbon nanotubes are very
expensi v&heneds,dhdréfoee) latnetd f@Spmomrtieost affective manfs¢tnring metwidegiviag dewipes; si on

of nanot yubes i ifficuli tg store and require specific nmanufactyring steps
li ke honﬁg'@ﬁé?‘f?fﬂ‘ewess\%f‘ BH&?%C?}T“‘IB?V‘{YO PP B B'f‘lcrﬁarflé'ﬂd’lpﬁﬁagr sion to
the substifkfiesThe process of making holes in the polynmer matrix to be
filled by Conductive naterials as described in US4101689A is al so
conplicated. WD 2010/151141PCT/ NO2010/ 000241 6 There is, therefore, a need
for a nore cost effective manufacturing nethod giving devices, filns and
adhesives .w uni f orm conductivity and i nproved nechani cal and opti cal
properti g‘és\.edogla[?vg;ng(sﬁ drawi ngs: Fig. 1 shows optical mcrographs of
conductive particle assenblies before and after alignment. Fig. 2 shows a
pl ot of Fig 1dhpwsdptic niéropaphooficontiuativieypadticldasBembliestdbeBNE apd aftercdlzament.

di spersed into the adhesive against the alignnment tine. The solid line is

gui de to_gye. Fi g. ho al i filmwt - wi t hout (C-D)
el ectri cgl'gfgoﬂi‘)&st%plﬁg?f\ﬁg%ae m@ﬁ‘%@&%@fﬁ%’@&?t‘%a&réf@@%wg)p.artﬁ?‘?j. 4 shows
schemat i @ipétsed fheo HY aBHEsiitagaRishihe dHEnmérit Gimed The SolitPRhEsigidleablegeied and
cured conductive nanocone adhesives I'n in-plane geonetry. Fig. 6 shows
aligned material with arbitrary alignnment geonetry and arbitrary el ectrode
Shape.  Fig. 3rshgws aligned ey witk 6A-Blend vritiont (G elacliicabcqpiaatrbethagh elpgirodes
icg\r/\;n it0 )%gdpr?attéq@a@fb)ponducti ve item 15 and matri x. Description of the

Fig. 4 shows schematics of the UV curing technique.
Fig. 5 a-c depicting aligned and cured conductive nanocone adhesives in in-plane geometry.
Fig. 6 shows aligned material with arbitrary alignment geometry and arbitrary electrode shape.

Fig. 7 illustrates “dendritic” structures maximizing the contact area between conductive item

15 and matrix.

Description of the invention

The invention provides for a method for forming an anisotropic conductive or dissipative film

20  comprising a nonconductive matrix mixed with conductive particles.

The present invention may be used both in a device, film or adhesive to t avoid buildup of
electrostatic charges and for a device which safely discharges if a person or object has been

electrostatically charged.

The conductive particles are infusible particles such as carbon particles or metal particles. The
- 25  conductive particles show low molecular or particle anisotropy which is the case with

spherical carbon black or disk-like carbon particles. The major part of the conductive particles



The invention provides for a method for form ng an ani sotropi c conductive
or dissipative film20 conprising a nonconductive matrix m xed with
conduct i weoparwisci4es. The present invention may be usedrboiNO200/@OTI@Vi CE,
filmor adhesive to t avoid buildup of electrostatic charges and for a
devi ce which safely discharges if a person or object has been

el ectrostatically charged. The conductive particles are infusible
particl eﬂnm]nahlmasrpacttrati»o,pap«tdt dtiograngesoftl a4, opadrs, il el0p$-20Tdrd - DB arotyuerli ve

particle show | ow nol.ecul ar or rticle..ani sotrop ich,is the case.with
spheri cal ‘E&?’\E%d‘ﬁnﬁ? B"HEE]G? c3j} 5 ’%&' 031% Ao I}égmelshg‘l%?th?r cﬁ&?’l“ggﬁe t he
conduct i 155111@@5km@b@ﬁsedme&@n%lsmﬂw@wmm 44dn ¥e LbBds has | ow aspect
ratio; aspect ratio ranges of 1-4, or 1-5, 1-10, 1-20 or 1-100 are typi cal .

The condygt| i, i b Fistymhsydfenfofl IHﬁd?aﬁH n@aﬁ é&ftﬁﬂtongaf RRRrP BbpShRSs.

Al so ot her con uctlve g‘ﬂ?,tlc I"'es can be used l'i ke silver, or netal
oxi deS pain pm'tle;ﬂalt;arcahé)elashdmoﬁ:t@oﬂmnmsystcmmlmeh mepnd thatthe S}@m&m asfginedly ki nd

dit t . | .5 | i cul b
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can al so be a thernopl astic polynmer system which nmeans that the polyner is
solid or tem;veam@s hut ¢apherrevassipbrmeltadeds plasticisethby incrasgiag shaptenpreatire dlt gan

pl asti CI b n [ r tropi C
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15 An el errent of the jnuention. s that.con ti.ve paths can be forned of
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that the_a cond ctiv ar i cle .be.bel ow t he.percol at .

thr eshol ok fmp in SO G S 5% AR s i st n i 8 <Bhigahiy |
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are thereby easier to store. Al so the nechanical strength of the

ani s r opiethadenductive fil mcan be increased if the amount 25 of particles
can be reduced. For WV cured filns the curing process is nore effective
when t he Anothen elemfenmﬁ th¢ thivantiqrais that ithesameunit oﬁmndumi‘kt’epﬁré@es ey be bnbp\athe ncy

fafil dif th f b A
over  anBURCRBPT BSFHAEL 108 Tpartiect davi boass o BR! RGeS iy SEbaRaRAlourt

of conductive particles are less prone to macrophase separation and are thereby easier to store.

Also the mechanical strength of the anisotropic conductive film can be increased if the amount
25  of particles can be reduced. For UV cured films the curing process is more effective when the

amount of shielding particles is lower. Likewise the transparency of a film can be increased if

the amount of particles can be reduced. A lower amount of conductive particles is also a cost-

saving element.

The electric field can be created between electrodes that can be placed either in direct contact

30  with one or both sides of the layer or outside additional insulating layers, where the insulating



WO 2010/ 151141PCT/ NO2010/ 000241 8 | ayers are placed in contact with the
first layer; or that may not be in direct contact with the | ayer. The

di recti orwohwionsighectric field can be predeterm ned byrpthavozbexdionade
arrangenment and thereby the direction8of the electric connections forned by
the aligned conductive particles 5can be controlled. The ESD degree can be
controlled in the production, by varying factors such as the particle mx
and the ldyetsdre Placedsingontactwith Sledfitstlaydseor that may petdwringire, qggg&pbwglg thev/ cm
in the ongr of 0.05 to 20 kVfcm or 0.05to 5 kVVcmor 0.1 to 1 kV and
especi al T'n the order of 0.1 - 1 kV /cm 10This neans that for a typi cal

al i gnment_ di stance .in the.range of 10 to. 1 the voltage appl.ied can be
" The. r dharestog of Uik e Geiond be paseier@ineq Bioe ARet e PeRef BB Rl 5
can al soeebd té 8R&dtoh BEheIQGHiE Lénnlet®drd fortnd MY thalalifhed ddnligctpe pAfticldsel d
havi ng a frequencY of 10 Hz to 100 kHz, typically 10 Hz to 10 kHz . Very
| ow f¥ eqoambd emtrelled Hz or DC fields |ead to asynmetric chain formation and

build up. The | ow voltage needed for applying the nethod is 15sinple to
handl e i The ESDothgodei can beicnatralted io desproductioaglly vdrginggacorsisocknas the gatishet s

on the. { Tinimay e 1 el el kAT Hirer bhEARET SERY e isksHfley of P2
fluid-1iesreby Imlr/crﬂpérrd.@ﬂ% ISV Rgh @D, BT kViagd febsdcthlllyQn kiR srd&uTduct il ey

pat hways in the fluid-like polymer matrices. The pat hways are able to

enhance f{dm macroscopic 20 conductivity of the material. In particular, the
formati on of conductive pathways allows the naterial to becone conductive
al sol®herThi¢ meanstthatrfer atypicataligmpent tiseihce onttia carigeof pAnm & s, ibavoltage

Fandont y seRieaiea e duthg sweec O B0 Cbioriel R Boueting AR hsan AP
pol ymer ggh airéthg,dg@léct}ﬁ!ﬁa& &?yﬂéf‘ﬂi feRds amc:ﬁadgﬁvm@ a feqhBndyl SYEID HPWET

than the percolation threshold, even | ower. 25Moreover, this procedure

renders &00 kB typicallyn® Britall0 &hld dVerydow dreghensigsduit® Heior G fields lead ité gher

along the alignnment. direction.th erpendicular to it. 1t i.s also possible
fo hoal | BnPunERCEBtin TN A8 PRRS b iR by ellidp npRiclor aeitife Bealp R R
have] pecgiplélef IRmtievs a@rodiRtioR 1i89&hid doed nbgnad thlspedific drfahperfit@P nedebary

alignment step can be rerun for the case that the stabilization step of the

matri x i ¥haphaydinghiglf viltgges.-or if the stabilization

Thus, the present invention is based on the finding that it is possible to align conductive
particles in fluid-like polymer matrices using an electric field to form conductive pathways in
the fluid-like polymer matrices. The pathways are able to enhance the macroscopic

20  conductivity of the material. In particular, the formation of conductive pathways allows the
material to become conductive also when it contains a lower amount of conductive particles
than is otherwise necessary for creating electrical contact for the material having randomly
distributed particles. The amount of conductive particles in the polymer matrix could thereby

be reduced and can be up to 10 times lower than the percolation threshold, or even lower.

25  Moreover, this procedure renders anisotropic material and directional conductivity that is

higher along the alignment direction than perpendicular to it.

It is also possible to heal aligned conductive particle pathways, if the conductive pathways
have become defective or not properly aligned in the first step, the alignment step can be rerun

for the case that the stabilization step of the matrix is not yet performed or if the stabilization



WO 2010/ 151141PCT/ NO2010/ 000241 9 s'tep is reversible. This has the
advantage that for existing filns under preparation of the connections, the
process rwodsimeii4io be started afresh. It is possibl ecrovoz2eromoe2snost or
all the matrix after alignnment to yiebd distinctive, aligned nol ecul ar
wires of the conductive particles. The renoval can be done for exanple by
excess Sheating (e.g. pyrolysis) or by chemcal treatnment (e.g. selective
sol vent ) steplhereversitla dthis hasgheoidvaniagothab fiir existingl fibns wmder praperatios of st
require that the fllmformgg resin i s |nfc ntact wwth the el ectrodes. The
manuf act GPRIFGHRHS teduocesh nerds g Pesiasted Afigsh ont i nuous vvay or step-w se.
The anlsotroplc filmcan be att hed t.o bstrate or free-stgndi ng
film 101tds posrhle tq warove masher 4l emaé%ﬁﬁ AHEBRERGA Y rhﬁtaa%veeahemﬁn ve

pat hways aid. L eg%‘f ﬂ%ecdﬂaﬁéjav%?aﬁf&le%l ®hd Fdnti¥lal S BeEd¥ne 0 BRIpH bRBtess

connect to ot |Ims whi ch coul d be conductive or non-conductive. As

el ect § onhtdtmg (egnpjzxelysrsb di by clidnuinalItreatmdiit (¢.g csetecovasolvante present i nvention
can be used as anode or cathode in batteries or capacitors. The filmcan be
| am nat edhe m@hﬁeturmgtdfl’ahﬂbtrdq)ic eoritnativd Ahmddes ant mquimeﬁmt thedfdin foamingdedin

anot her non- conductl ve pol yner or 15 Jam nated usin nductive
binder . BERBRCLEEN the eléctrodss, The manpGichrimgiprecss eandh 21 PSR £fQtighouss

repl acengp) §0/ ok Qfe alfi¥e. bﬁltetaﬁfsﬁtrgﬁt: ?ﬂh’n@ﬁg b€ hfsdHe 48 a %ﬁﬁ&td?rbe ahrlemidigd yte

sol utions sort. In an enbodi nent of the invention the resin is
removed filml y or partly fromthe filmafter the anisotropic conductive film
has been manufactured and a substrate with free standi ng 20 conducti ve

pat h$0i s Aaednidastévt filhnofathe ptesent éndendbmevill ha‘#aecqndh(ytimrpaﬂsnays add &msmnaydm&esi ve

or in alam cess. talle descrlpt of tH@lnv

present q”c?iec\ﬂil? CYfEeIY 68 "r‘ﬁ“ﬁ@& ISEPRERE i ‘? f”érg a‘r?thé‘gwﬁr?H
figures. phii chiddcBvé ALQe RIS e8fbd malréd@i%nﬂr&?o?dﬁechaﬂﬁ nfhb ?fbsb@t iRYenfién
nmeans limted to these exanples and figures. The net hod he present

i nvent i okan be Gsed amnodamtqathodg irabat@€8Es desapaeitonhilhi ﬂimscaatbellgamatedrte other

22;382{ ?5@%&9? B Igtvlgqa 15{1 ggcg:ngsr hésalt Seh1éd {ﬂ %Helengr];- dn ét{ve)f)ogfmer,. or
15 laminated using a conductive binder. Another use is as a barrier to block electrolyte transfers
or as a replacement for any battery metalized electrode conductor in electrolyte solutions of

any sort.

In an embodiment of the invention the resin is removed fully or partly from the film after the
anisotropic conductive film has been manufactured and a substrate with free standing

20  conductive paths is achieved.

In another embodiment the polymer is used as an adhesive or in a lamination process.

Detailed description of the invention

The present invention will be described below with reference to examples and figures. It is to

25  be understood that the present invention is by no means limited to these examples and figures.

The method of the present invention is for manufacturing an ESD device which has at least
one anisotropic conductive layer comprising a mixture of a matrix and conductive particles.

The steps are:



WO 2010/ 151141PCT/ NO2010/ 000241 10 a. applying a layer of the m xture over
a first surface of the ESD device, the m xture having a first viscosity
whi ch al Iwoe=otdsimonducti ve particles to rearrange w t hipaTiNO2010per41

b. applying an electric field betweernotwo alignnment el ectrodes, over the

| ayer, so 5that a nunber of the conductive particles are aligned with the
field, thus creating conductive pathways; c. changing the viscosity of the
| ayer to a secorul wppslgmgi 4 layersafi the sextarecbwet 8 fiogtistnfadeaifithe BSPhdevicetha t he

first viscosity in qrder, to nmechanjcally stahilise the |ayer d preserve
the conductive pat FWSHEe haygnai HEst YSeasity prdhich fitdL‘lWSs Ff’%‘&@%%‘h?ﬂ%&gs ed as an
al i gnment el ectrodgeaggg d RRhf thé1dyer;need to use a separate el ectrode. The
el ectrodes may al so be %em)te and thus insulated fromthe m xture. The

met hod can be performed in a production |ine for ESD devices; the
production | i ne trayapolyins arselectrie fisldheswedn twoddlighment eegtrpdes; ovesdbg layer.150CB

. : selectrie fisiemtivean twpolignmeny dsia lae
Formetl 10 a film BRCanumbP e EhdBebRhaeTRe lifp i UEE R 12, o,

or poured over a. teatihg tdtRlutivg pathwedyshas a thickness from0.1 to 5 nm
preferably less than 3 nm b. for thin mats the layer has up to 3 cmin

t hi ckness, preferably less than 2 cmin thickness 20c.. for, thick nats. the
| ayer has up to Sochangmg thevisgoryof the layertg 31s5cqndsdscopity, SS‘d(,sﬁ?(?’ﬁ i$osihess

an electrical fielg.acaHHdl fifntR AREVRERRS N ofdeY®Thé@Rnicall P REbili§ the layer

and preserve the conductive pathways.
10  Note that the first surface could be used as an alignment electrode, so there is no need to use a
separate electrode. The electrodes may also be remote and thus insulated from the mixture.

The method can be performed in a production line for ESD devices; the production line may

comprise the steps:
i.  Polymer resin is mixed with CB according to the present invention to form a matrix

15 ii.  the matrix is formed to a film, or an object is dipped in the matrix or it is sprayed on or

poured over
a. for films the layer has a thickness from 0.1 to 5 mm, preferably less than 3 mm.

b. for thin mats the layer has up to 3 cm in thickness, preferably less than 2 cm
in thickness

- 20 c. for thick mats the layer has up to 50 cm in thickness, preferably less than 5 cm
in thickness

ili.  an electrical field according to the present invention is applied
iv.  the matrix is cured, using e.g. UV light or heat
v.  optionally the matrix is reduced, so as to expose the conducting pathways

25 vi.  optionally steps ii to v is repeated



iv. the matrix is cured, using e.g. W light or heat v. optionally
the matrix is reduced, so as to expose the conducting pat hways

25vi . opt iwoabiyisst4eps ii to v is repeated WO 2010/ 15114¢PC0D2bI0ADII 000241
11 The nethod can al so be perforned im a production |ine where a conductive
| ayer or wires are to be connected or |am nated. The production |ine may
conprise the steps: i. epoxy is mxed with CB according to the present

i nvent i ofTht meflordoan absatbel performed in a protectivatlinexvhese 4 combdtivolager orl wirgsrarpast e
and used a gl ue where cond CILhiFVit het yween 5| ayer.s or conmponents or wres
are vant dube Sonnegiad gr [sayipated, Thepepdhetioe lneimay OBPHRRMGSERENT | nvention | s
applied iv.the matrix is cured, usjing e.g. W light or heat Exanple 1 10
This exanpte €pPEEsRixehwith (dhageardingtoghe aresentinyeatign to RIMATAY particl es
and polynmer matrix which is a thermally cured pol yner adhesive. It also
shows t he iicontheomatyixtiy foxmed t9 & fidmios pasi¢ aphvsed @b gluegeheraeendvetivibhletyeep- | i ke

increase in conductivity w i i particle | oad can be expl ai ned by
for ma?i on of quﬁfjsuoétcpl\}lgxﬁ%%t%grY‘)’{e}gg\;\%g?&a%gerdti cl es when the contacts are
formed with increased rticle fracgtion. 15 This .exanpl,e concerns noreover
the prepatfhati BHe@FtS”[c ]eggﬂﬁﬁcoﬁ‘?’%ﬁ? e\ﬂ'i%sﬁmt‘%erg'é’r“tl? @i’pggfload is low, for
exanple 10 tinmes | ess than the obser ,eg percolation threshold, the limt
wher e the“’l-soﬁh%ﬁ?‘é‘xdﬁﬁmﬁﬁi’i‘ﬁ%%ﬂmx‘ﬁ t r(si“eﬁbt conductive; as well as the
alignment of this mxture using electric field so that the aligned
particles formconductive paths resulting in a conductive material, whose
conductivity is directional, for exanple bel ow the percolation threshold of
20 non-aIEgcg;f]ﬁg jmaterial. The exanple, noreover, shows the change of the
viscosity of ' the resulting material obtained, for instance by curing, so

that the alignment and directional conductivity obtained in the alignment
stepl®s iThisexampldcondéres theyprepasationmfdusixive opeenductiespaneeles 81l palpmenl f a

Aesar, CNC material fromn-Tec,AS (Nor apd,iron oxide (FeO.Fe203) from
S g A BH0h Wit T heaialte 6 pabirre v Asashin? s CobfakES R o

vi scosi t furR@bgoF Fﬁtiﬁl@ﬂ@&ﬁaﬂ%&ﬂﬁi@lsprflﬂceAﬁ@Jeﬁbetiﬂ(:bﬂduﬁf(vilﬁﬁrith ifdriai icle
Advanced Materials Grb with | ow viscosity epoxy resin with Ren(r) HY 5160
(Vant i coload)can be explained by formation of conductive paths between particles when the contacts

are formed with increased particle fraction.

15  This example concerns moreover the preparation of the same mixture when the particle load is
low, for example 10 times less than the observed percolation threshold, the limit where the
isotropic non-aligned mixture is not conductive; as well as the alignment of this mixture using
electric field so that the aligned particles form conductive paths resulting in a conductive
material, whose conductivity is directional, for example below the percolation threshold of

20  non-aligned material. The example, moreover, shows the change of the viscosity of the
resulting material obtained, for instance by curing, so that the alignment and directional

conductivity obtained in the alignment step is maintained.

The employed conductive particles were CB from Alfa Aesar, CNC material from n-Tec AS
(Norway) and iron oxide (FeO-Fe;03) from Sigma-Aldrich.

25  The employed polymer matrix was a two component low viscosity adhesive formed by
combining Araldite® AY 105-1 (Huntsman Advanced Materials GmbH) with low viscosity
epoxy resin with Ren® HY 5160 (Vantico AG).



WO 2010/ 151141PCT/ NO2010/ 000241 12 The conductive particles were mxed in
t he adhesive by stirring for 30 mnutes. Due to the high viscosity of

m xture, wbRom/ent41m xi ng is possible only up to 20 vol pea/NeRbiommbea
percol ation thresholds of these materi2zals are at - 2 vol-% The m xtures
are conductive above and insulators below this threshold. The conductivity
is due to the 5conductive particles and the polynmer is an insulator. To

i || ust r affhe thduotneparticles watd gined it thetadhesived ey stating a3 minatesalbae torttie

simlarly, prepared as.in abave but .ten tines |ower ti.glLe | oads were
Used. . PIghVICORHY pip e cHIGRHIRA FaRpSIn PBEPRISHD VAIA i wi ng of
assenblies of 0.2 vol-%CNC particles dispersed into the exanpl e adhesi ve

bef or e (Es@mait@peRBRtidh tgEsRMsIeNdsE nfatdria®) de d0abivanoetheanstngey rag (Fi g.
1B). The schene shows the applied alignment (out-of-plane) geonetry

(Fi g. 1C) corfhictiveahiaqya apd insglatars belpwiihis thrsshpld.olhespaductivity ue duste that h

di stapces fraom 10 to_centi I ntially to mllinmeters. For an
out -0 -pf’%rhdélcg}/?%nﬁ%lﬁ #%PW%?E‘ avlv}lo1 g&‘fﬂg?ier of material is injected

bet ween two conductive layers (a). 15 M xture was aligned using an AC
sour ce t @odltistiate the bemedil of alignmmgrs, thédnaterialstvoérs thexsame andtshmilaly prepaad as in

procedure, 1 kHz AC:field (0.6-4 kq\ﬁ%cm (r val ue)) was enpl oyed for 10
m nutes AbByvebut fam timesdopsyeartpls de “é?ﬁ%usg?o mnutes for <1 mm el ectrode

spaci ng. The dependence of DC conductivity of 0.2 vol-% CNC particles

di sper S_e@i%'. M Qudtates AEES bt a PR rHsthpHsh theFhixeHy G HssdrhBIR:s b 0 2RI, ONCET 9. 2.
The solid 1ine is guide to eye. The cgrllg% was_ Zoﬁgerformed i edi_at el y
af t er war gartigles dppersed tto thereixamplesadhasiee brdorer(Fig- 1A aad ABeran; derddc Belder
curi and conductivity.d.ev obt ai ned by alignment is maintained. Exanple
2 ?‘tgi sagmqgnLiSW6rg¢§g' 1gir)"sati | e choice of alignnment conditions and
illustrates how the present 25invention can be enployed not only with
el ect r od&se schenrashods tite dpplied aligmhent (@n-ofplar) géontty @lig dCyiThis digaatenvdes
electrically isolated fromthe rrateritgl‘ )

- geometry was used to cover conductive path distances from 10 um to centimeters,

preferentially to millimeters. For an out-of-plane alignment 2 mm x 3 cm wide layer of

material is injected between two conductive layers (a).

15  Mixture was aligned using an AC source to obtain aligned pathways (b). In this example the
alignment procedure 1 kHz AC-field (0.6-4 kV/cm (rms value)) was employed for 10 minutes

for >1 mm electrode spacing and <10 minutes for <1 mm electrode spacing.

The dependence of DC conductivity of 0.2 vol-% CNC particles dispersed into the adhesive
against the alignment time is shown in Fig. 2. The solid line is guide to eye.The curing was

| 20  performed immediately afterwards at 100 °C for 6 minutes.

The material remains aligned after curing and conductivity level obtained by alignment is

maintained.
Example 2

This example concerns versatile choice of alignment conditions and illustrates how the present
25  invention can be employed not only with electrodes connected to the orientation material but

also with electrodes electrically isolated from the material.



WO 2010/ 151141PCT/ NO2010/ 000241 13 The procedure was otherwise simlar to
that in exanple 1, but instead of having naterial directly connected to the
al i gnmentwelemirsodes, the el ectrodes were el ectrically dcsoomectentifrom
the material by an insulating |ayer, Bor exanple by 0.127 mm Kapton(r)
foils. Alignment occurred exactly as in exanple 1. 5 This procedure all ows
renoval of electrodes after alignnent and thus freestanding aligned film
even in fThe pomsdureivers etheneiseainilat to Qlaaﬂfm@inpdﬁ 1, Butinstead ofrbaningimaterisbcur s i f
t he el ect,r odes uch the al ,an o,the al nent .can he

per f or rre&“?‘ft n‘i(’&nﬁﬁt%‘{ té’ntB% alighnt gﬁg{eﬂ% eihf 5?“&%65 Y4t F!ﬁgﬁggﬂ}éfigcmygg d

cont i NUOBYnPIhe AR BF an Whsulhting IHRE,fof ékaﬂﬂﬂ@bi?_b her snfl Kapfeh® hislsahligmmenit ,
this allows continuous alignnent processing hr ee p055|ble options for t he
10 al i gnreswredexadtlyps inexampledstrated in Fig. 3 that shows aligned film
with (A-B) and without (CD) electrical contacts between el ectrodes (a) and

mat er ¢ al : ti

ot webn AR rapesdule oAb of BRcBbIIREL Merenp el BEFERRERICARRE | on

only | oosibh\evewinthe ciseyetichethe amadric dnadhesine vise ahgmbntea‘lﬁoarccatsi ifthewidctrodes t he
O th I t | th |

cl oot 1 o80 Rahiaui by e 2o By U igaeR ape perprard BB adFaRro Bt | n

the case yhel¢af aeffgc{/cgﬁ bl mbvsedabeﬁ‘ﬁmgﬁ d&%tep'vﬁset With regRet tb%cl?%@fsﬂﬁ&'ing

material 1s a nu r consi sting of aligned layer (b) and two insulating
| ayers (e dligntoest, tusallqvi) ccmhautalﬂ agjllgnmnnt precessingi "Elde©m85fh1©nptld11@ fdll theance

aur i K« AestRony Res SR iliopfieah 5 Find B SRt R el

of the alp)gRRithal &6 betiviéh élé&rd@l%s &) laB Rdrial (B). Pahé casel (A tlfkmlighetﬁﬁhﬁn of
UV-curin Thi s enphasi ses the benefit of | owtgartl cle fraction which nakes

the mate ¢ra1s RsEmanent eqraqetisy katwednghe @Jkstcﬁroqlﬁﬁt Insthe casg(Bhthe electipdesndcedur e

bol yrer - Mard i BBt Ploopdy KAt ol REFIR) in by Movea B b (. I 0EUEE
adhesi ve (@)‘Iﬂieiehﬁe mstliaﬁgg Eﬁeﬁt(é}béﬁﬁéetdl!ha enavarial lmd tleetradgh hn&\ftltely atmea.sily

wavel engt h 300-500 nm Flg 4|IIustrates | gnnent of | - % CNC
di spk? si 81 Ved 2past algr g drameabesn ) thergase Wﬁ’ “\%&Fé‘ %Yq EW}Hbcqsﬁe

gui del i nﬁllgogbtﬁﬁ@cf%laﬁn}l i6 BirBulti ?):r QkisERg @@ngﬂ@d idyer g;!) 'aﬂ&‘fW@insﬁiaﬁﬁé (R VO

usi ng rint Palnt l'i catof that uses a noving rd applicator to
2010/ 151 ) IRCw a*mamthe @n@mems ¢aanied omttfmmdkaetstamel aagdéhe mutuahocation of
predet er nj ned th| matically illustrated in Fig. 4b).
This adnf E?%es\ﬂﬁ g &‘3 IP?ﬂ%yﬂﬂquﬁ li%’ﬂelnhed in exanpl e 2 but

t he upper el ectrode was not in contact W|th the material by use of an
i nsul ati pgakplesy such as Kapton (Fig. 4c); this allows renoval of
el ectrodes after alignment and thus freestanding

20  This example concerns the applicability of the alignment method, the use of alignment for
particular application of UV-curing. This emphasises the benefit of low particle fraction which
makes the material better transparent for UV light for curing.

The procedure was otherwise similar to that in example 1 or 2 but the thermally cured polymer
matrix was replaced by UV-curable Dymax Ultra Light-Weld® 3094 adhesive and the curing
25  step was done by the UV-light with the wavelength 300-500 nm.

Fig. 4 illustrates the alignment of 0.2 vol-% CNC dispersion in out-of-plane geometry. The
mixture was formed following the guideline of example 1 (Fig. 4a) but spread on the

alignment electrode using RK Print Paint Applicator that uses a moving bird applicator to



5 aligned filmeven in the case where the matrix is adhesive. After

al i gnnent, the upper alignnent electrode is renoved and aligned adm xture
cured by wi@oro/tshuae |ight. (Fig. 4d). The | ower el ectroderoarotivoooptii onal |y
renoved (Fig. 4e) to forma fully frem-standing film Fig. 4 also gives the
schematics of UV curing. Conductive particles are dispersed with UV-

curabl e polynmer matrix (a). This mxture is spread to forma predeterm ned
| ayer onldveEthd Qdhdsiierlayes t¢ thegiredetdrmimddgbicksesa iftha lideyrisrechiematieallyritldstiatedsinng
an appli cat ). The material i li.gned by electric.field. using,| ower

ol ect FodBindl- Js ademxgver ainet ultowitk TirgBbnin felibetin eRamins bPitae °(C)
The uppepp&lrefde e whs nbSARYRHCtath thE Sl BY hs@bRAinSulbnE Y &bubB hHY a

| i ght (U\/?w s) source, which leads to a sem -freestanding aligned film(d).
| f requi Keptont(Rig. Hoythis allas teowealcdelastroderoafter @hmwtraedrguécﬁeﬁ%ta@ﬂmg to a

fully . freg-standi ng alj,gned fjl e),. .15 anpl e Thi. ncerns
versatil gﬁ%r}?gi%ﬂ@ eé'gné‘f i@ﬁﬁ%%?hedg]&é‘?e%?%és ?E#cfgg’lel l‘f‘;herr 3{1%'1513 %lg\%ﬂ% ﬁg&:l nventi on
can be edRyAYEA eReirod s Yerhovddmdatign®t ddmishipyveured be X ATpt Blud light. (Fiks4d)i n (i)
thin filns and (ii) in in-plane geonetry. This exanple underlines fhe

gener al i fije irwariglectradgern be optional emvég (Big- 440 form sl frssstandangoiiiedur e
simlar as in exanple 1, but instead of out-of20 plane alignnent geonetry,

i n-pl anepggr. mwesq&@mﬁﬁﬁ W%ﬂﬁng%&dh@ti\w}sagﬁa@searehi@&@@&witﬁ U0 pm

thick | ay was spread elther by spin-ctoating or by plastic spatula over 1
cm x 1 coumblegpobymerabattix {a)nghis ngixtuge istspread td fortriva priedetssniaedi layemierhthe f

fi , i vely, 0- 200 2-.10 Th ' t
{1 nolh o aHISTG abscst st 5 & frgiuen: BPUESE PijmeaR heheatir b dbh AL onc
adhesi vegligitdiby <M eS8 WRig N werrdlEbtrodd afd athétopRlectade fhiaCddRghapluc 0. 2

vol -% al i gned material. Schematic (Fig. 5b) illustrates the alignment
setti ng. thermathiial (gl dhe uppertelastraf¢ ismamavedand the alignadanixture jsrusedouninga Bghtt ens

al i onrent DY ePBERSE 1Al s RS AR b 1o QU SH B INIAT

exactly arctbddadtbeiadditioally@noayéteadingaoplfallypfree-standing aligned film (e).
" 15 Example 4

This example concerns versatile choice of alignment geometries and illustrates how the
invention can be employed not only in the geometry shown in example 1 but also in (i) thin

films and (ii) in in-plane geometry. This example underlines the generality of the method.

‘The material was the same and the procedure similar as in example 1, but instead of out-of-

20  plane alignment geometry, in-plane alignment geometry was used.

For the in-plane alignment a ~10 um thick layer was spread either by spin-coating or by
plastic spatula over 1 cm X 1 cm area of metal finger grid where the thickness and width of
fingers, respectively, were 50-200 nm and 2-10 pm. The spacing between fingers was 10-100

pm.

25  Fig. 5 illustrates aligned and cured conductive CNC adhesives in in-plane geometry. Fig. 5a
shows an optical micrograph of 0.2 vol-% aligned material. Schematic (Fig. 5b) illustrates the
alignment setting. In this geometry the alignment occurs typically in seconds or tens of

seconds.



Thi s exanpl e concerns versatile choice of alignnment geonetries and
illustrates how the 5 invention can be enpl oyed not only in the

out - of - plwoeosnd1i4n- pl ane geonetries with flat well defipoecvozbadoomdes but
al so when the geonetry and el ectrode shape is arbitrary. This exanple
underlines the generality of the method. This also illustrates that the

al i gnment does not require a surface or interface parallel to the emerging
al i gned paamtbgrsersivretheatigninentslegiodesovere eldctically insylaigd. Adignmeat Waocedur e

simlar as.in exanples 31..0r 4 10 but instead of out-of-plane or
i n-pl ane? Fﬁﬁﬁ%ﬁ&gbg5wé?yéhgwﬁmgggpwélectrodes, arbitrary geonetry and
arbitrary el ectrode shape were used. Fig. 6 shows an optical m crograph of

an al i gngflgmpleey i al when arbitrary geonetry and arbitrary el ectrode shapes
were used. Exanple 6 Thi s exanpl e concerns further versatility of the

invention, .the use of electric fi.eld.alignnent 15 .when .nreparin | ectrodes
with ver W%ﬁx&@l’. eps ¥ersafilg sheife l@g}ephﬁeé’.mef'ﬂ%s %ﬁdg%ﬁfﬂt@ l’kﬁg‘é‘%ﬁt herwi se
sim rr: ar fggvehteig% ?Ad“beeéiﬁﬂmr&ﬁn& onB in3ne Gut-dFplahedhll ih pand|deSMERIRE WitkSlat well_

e the chains reached fromelectrode to el ectrode. Fig
shows t hdsfindst cléatredeebuisoorem the georendard dlectrode Shape. is arbitraryHlhds example

d f kj. film.f ' t eri itors. 20 Exammle 7
This exaMpRalEaHAs e of HEdpeted Tob BT TisRo e A ke Al dnfl 0EHR. 7 (e
i n - exanpk&uire akurfee & intePacSparnid] Yo BIe! EndiBinE hlighed paftélaidi ng pol yvi nyl

chloride resin, suitable for the described alignnent process for flooring
may be honopol yners, or. copolyners, consisting of vinyl chloride_and

250t her Jihe materaly wensiotherwisgdhe spneanehthe prosedire simtkar 3¢ 4y @Mplesel gopaatéh i ¢
hal - i . . . | _
mat ey al i f @%g&g% Sl Ah Y in-BEn@bRgRAS WorREly Gt AAIADALS Srtitar] 00T T NG

materral, v npou e stabi agal nst the effeéts of "heat and
ul t ravi olgedmetaylinat arbitraryislectgpde. shapesswenpused. Fi@ra shiows aOptical micrograph of an

2010/ 151141PCT/ NO2Q10/ 000241 16 cal ciu nd zinc; qQrgano-tin coppounds;
Cponi di 2 BHERRHIEHA IR T AN, BROTHTS ABA PR Cas eI FAPE BERHERs
Example 6

This example concerns further versatility of the invention, the use of electric field alignment

15  when preparing electrodes with very large contact area dendrimer surface.

The procedure was otherwise similar to that in examples 1, 2, 3, 4, or 5 but the alignment was
terminated before the chains reached from electrode to electrode. Fig. 7 shows thus obtained

electrodes with dendritic surface.
This can be used for making a film for use in batteries or capacitors.
20  Example 7

This example concerns the materials selection for the procedure described in example 1, 2, 3,

4,5 or 6.

Polymeric material, including polyvinyl chloride resin, suitable for the described alignment
process for flooring may be homopolymers, or copolymers, consisting of vinyl chloride and
25  other structural units, such as vinyl acetate. To protect the polymeric material from
| degradation during processing and during its use as flooring material, vinyl compounds may

be stabilized against the effects of heat and ultraviolet radiation, using e.g. soaps of barium,



Polymeric materials may contain plasticizers to provide flexibility and to
facilitate processing. One suitable plasticizer is dioctyl phthalate (DOP).
O hers suwoableeisonnes may i nclude 5 butyl benzyl pht hal at ectB#R2p1o/mbiey| ar yl
phosphat es, ot her phthal ate esters ofteboth aliphatic and aromatic al cohol s,
chl ori nated hydrocarbons, and various other high boiling esters. The
stabilized and plasticized vinyl fornulation is mxed wth varyi ng anounts
of i nor gaslcinnf arld zinc;tooggmoetini ctenprainds; epoxidired amdbeaniailsned tallate estarsasengatic e
cost. The fillers may be cal cium carbonate, talcs, clays and fel dspars.

Wi te pi BRRSRASan be titani um di oxi de and col oured 10 pigments are

preferably inorgani¢., Gther additives can be _ used to avpi d. f].ame spread and
smoke geRBWEESANAEHILH Y PR Plagticzersdy mﬂ%ﬁew ify,end ta%aeﬂlmﬁ RrPEW’G‘Igat e,

anti mony 'éis%tfi'@glaﬁm&?gsgﬁ@&?g %lﬁﬂél%i(w dotheely éﬁﬁﬁﬁl_@%ﬂesﬂhﬁ%iﬂcﬁid@er s, zinc

oxi de, and boron tonpoun Ioned Tlooring containing chemcally

expanled biitythenzd phitelate (BBR) diklany liphosphatsssétberphthalase lostonsiof pothpadiphatic sl
Various ot her. processi,ng.aid d lLubricants. may,al so, be..enpl oayed. The
amount oPmF‘?aIt‘FéiCO@%ﬁ’ ﬂagﬁ"éaé%dslﬂﬁgﬂcai%n(%’r YariRus gl %\gh ?ﬂlém&,gﬁtg t, whereas
as vinyl resin, other resins, .plasticizer, and stapilizer can be.less than
1% or angbﬁﬁtab%‘z?i)%d plasfrigcd V8‘E)y1 Torm ongs %é?fﬁwggm g HROURS Y 1npreanic, ¢ o

that in exanglfovide g;[aﬁs’g colpur AnPhicdknEdtat Bpéaas@illdb@é‘cﬁﬂt A e ThIE thay b¥edciaed

produce a top | ayer t Is lamnated wth the flooring material. Exanple 9
The pr oceathomteydalcs tchays ang éeldsparst Whitegigrhent can be titampine dioxide and colpur&l or 6

but e aligned material .was used as a part of furniture or work-station.

Exani)‘?e Etﬁ“%%’ © Bfeg?féglﬂrlgor\%ﬁgc'ot herwise sinilar to that in exanple 1, 2,

3 ésﬁét 5 gg@gﬁgéﬁiyéshgan IeI ugsg 90 Q\%&f {lzlu?lle sl\)l\lggd ElIJIiF sdmgkse gaengraa{ign 8I1rir?ghg ?ue(?rTl?ese
compounds include alumina trihydrate, antimony trioxide, phosphate or chlorinated
hydrocarbon plasticizers, zinc oxide, and boron compounds. Cushioned flooring containing
chemically expanded foam can be compounded with azobisformamide blowing agents.

15  Various other processing aids and lubricants may also be employed.

The amount of filler can be less than 1% or up the 80% of the weight, whereas as vinyl resin,

other resins, plasticizer and stabilizer can be less than 1% or amount to 20%.
Example 8

The procedure was otherwise similar to that in example 1, 2, 3, 4, 5 or 6 but the aligned

20  material was used produce a top layer that is laminated with the flooring material.
Example 9

The procedure was otherwise similar to that in example 1, 2, 3, 4, 5 or 6 but the aligned

material was used as a part of furniture or work-station.
Example 10

- 25  The procedure was otherwise similar to that in example 1, 2, 3, 4, 5 or 6 but the aligned

material was used as a part of shoe or a gasket.

Example 11



WO 2010/ 151141PCT/ NO2010/ 000241 17 The procedure was otherwise simlar to
that in exanple 1, 2, 3, 4, 5 or 6, but the aligned material was use as a
part of paokagimBgamaterial. Exanple 12 The procedur ecuas201i00®n24i1Se
simlar to that in exanple 1, 2, 3, 47 5 or 6 but the aligned 5material was
use as a part of a battery or capacitor. Exanple 13 The procedure was
otherwise simlar to that in exanple 1, 2, 3, 4, 5 or 6 but the aligned

mat er i al Thaprooedize ivas otharwib@similaf tathat io exampiei 1n 2t Bii4; Broe$s butghedlegned| y | ess
than 1 cmin ]tehi ckness and | ess than 10r11wi de. Said sheet can then be
stored afgterabyay vseasa par ol RRthaginedrattlar ge parts for use in vehicl es,
conputers, and printers, for exanple, by cutting or thernoformng. WO
2010/ 151%%mta /Ri02010/ 000241 18 Clains: 1. A method for manufacturing an
ESD device form ng at | east one ani sotropic conductive or dissipative |ayer
conpr i si Bhe progedureves ethervisosigblag ircthpiia exemplex 2nd B S @t thealigaed i ¢l es

char ggbe ia?eﬁgl ‘Q,Xst%g a%qggnlaéiorf\gb%ttl:rﬁéo?;cafgcitg{]e m xture over a first surface of

t he evi ce, re havil I'Tst viscosity which allows the
conductix,e ,glralrtl'gcl es to rearrange within the |ayer; b. applying an

el ectri c”“f1"¥"f‘bet ween two alignment el ectrodes over the layer, so 10that a
e O b o, YRR Shtae®o B Db ¥ 51 5 fdufhsb e

material was made into a sheet of up to 5 cm in thickness, preferably less than 1 cm in
thickness and less than 10m wide. Said sheet can then be stored and used in the production of
10  large parts for use in vehicles, computers and printers, for example, by cutting or

thermoforming.



c. changing the viscosity of the layer to a second viscosity, said second
viscosity being higher than the first viscosity in order to nechanically

st abi | i sewbheld/myrmn and preserve the conductive pat hwayecTiNeRo10donetihod in
accordance with claim 1, characterised by that the matri x conpri ses one or
nore polyner. 3. A nmethod in accordance with claim2, characterised by that
the matrix is an adhesive. 4. A nethod in accordance with claim1l1, 2 or 3,
characterised by that at | east one of the alignnent electrodes is in direct
contact with the layer. 205. A nethod in accordance with clainms 1, 2 and 3,
char act eQlsigfé: by that the alignment electrodes are insulated fromthe

| ayer. 6. A nethod in accordance with any of the preceding clains,

characterised by that the electric field js_in.the order order of 0.05 to
20 kV/cm ok é’@Stth for mapulagtyingy E%ﬁ devieq/foring idest ORS, aRBOUQPIC o der  of

0.1 - L kV'/ g iR, 201 5MALBETLORRA%AL Q002(he I8 doncdndRiEShasi and

accordance with any of the preceding clains, characterised by that the

el ect¥ic fiel donductive pititlieschiaragterisedbyhod i n accordance with claim1, 2, 3
4, 5, 6 or 7 characterised by that the field is applied between the first
surface and a second .surface. 5 A.net hod i C a k im4a, 6, 7
or 8 characteris®d aB?}y{nlga? i:alyﬁre(’fgtp? glﬁ%etovse{ 8% r|§¥ss I ﬁ?eeé}ﬁﬁ%ﬁg?hdggcgf@et he
conducti ve pat hway nfizturé Raskeafitsh vty twidch aly@ws tsdosduetiee paticleb e
alignment electrodes. 10. A nethod in accordance with claim1l and any of

the previous cl ai ncar@nge withixthelayely that the matrix is totally or partly
renoved fromthe | ayer after step c

b. applying an electric field between two alignment electrodes over the layer, so
10 that a number of the conductive particles are aligned with the field, thus

creating conductive pathways;

c. changing the viscosity of the layer to a second viscosity, said second viscosity
being higher than the first viscosity in order to mechanically stabilise the layer

and preserve the conductive pathways.

15 2. A method in accordance with claim 1, characterised by that the matrix comprises one

or more polymer.
3. A method in accordance with claim 2, characterised by that the matrix is an adhesive.

4. A method in accordance with claim 1, 2 or 3, characterised by that at least one of the

alignment electrodes is in direct contact with the layer.

20 5. A method in accordance with claims 1, 2 and 3, characterised by that the alignment

electrodes are insulated from the layer.

6. A method in accordance with any of the preceding claims, characterised by that the
electric field is in the order order of 0.05 to 20 kV/cm, or 0.05to 5 kV/cmor 0.1 to 1
kVand especially in the order of 0.1 — 1 kV /em.



1011. A method in accordance with any of the preceding clains,
characterised by that a concentration of the conductive particles in the

| ayer i s welow/Bengol ation threshold. 12. An ESD devi ce pecomNo208/0dg242
conductive layer in accordance with amy of claim1-11. 13. An ESD device in
accordance wth claim 12 characterised by that the device conprises a
conductive or dissipative sheet or floor tile. 1514. An ESD device in

accor dance i Ahmethed m atRordancedwith amyacf the peeediby claims, chheactenistddiyi that the
particles conpri se%ﬁ@?e Omr@ of carbon bl ack, carbon nanodi scs, carbon
nanocones, metaftee 3P 6%t &S and col | oi dal metal containing particles.
15. An ESD device in accordance with claim 12 or 13 characterised by that
the matri x g, SAanéthed RtaIhhde Witk tRinMl] Z13 4,15 blod ¢ charfetérisedByetha the field

pol yur et hane, pol yvi nyl chl ori de, 20pol yol efins and copol yners of vinyl

chl ori de and “@pblisthhatwessythe fisstispefaceiand aggecemdsugacs-ce i n accordance with
claim 12 or 13 characterised by that the electrically conducting or

di ssigative | hgdenes A= : o] 3 mm
17. An ESD@deéﬁééhﬁﬁla%g%ﬁraégnce %CIH%’?? §i7%nori82£,ﬂ%ﬁ§r%§%€de??gﬁe%hﬁs/ﬁ lg%}éll evi ce
bei ng a 25congeeisiinterriiptedbefore hecloaduotige pabwag has teavtedahmuih dre lager and\O
2010/ 151141PCT/ NO20 %O?.0241 2(? 18.. An ESD device in accordance with claim
12 char acteri‘i‘g’&f"H?‘il QlgRPEREEIGRtoNEs- an ESD gasket. 19. An ESD device in
accordance with claim 12 characterized by the device being a sheet of up to
50 cm i n t hiockngshoed P RESdamleywitiesitink MARd any 6T the ipedviARE1diRS ScHataétedifén W de.

520. An ESD device in accordance with claim 12 characterized by the device
bei ng a sheet by that the matrix is totally or partly removed from the layer after step c.

10 11. A method in accordance with any of the preceding claims, characterised by that a

concentration of the conductive particles in the layer is below percolation threshold.
12. An ESD device comprising a conductive layer in accordance with any of claim 1-11.

13. An ESD device in accordance with claim 12 characterised by that the device

comprises a conductive or dissipative sheet or floor tile.

15 14. An ESD device in accordance with claim 12 or 13 characterised by that the
conductive particles comprises one or more of carbon black, carbon nanodiscs, carbon

nanocones, metals, metal oxides and colloidal metal containing particles.

15. An ESD device in accordance with claim 12 or 13 characterised by that the matrix is
a thermoplastic resin which includes one or more of polyurethane,polyvinyl chloride,

20 polyolefins and copolymers of vinyl chloride and copolymers of olefins.

16. An ESD device in accordance with claim 12 or 13 characterised by that the
electrically conducting or dissipative layer has a thickness from 0.1-5 mm, preferably

less than 3 mm.

17. An ESD device in accordance with claim 12, characterised by the device being a

25 conductive film for packaging ESD-sensitive electronics.



of up to 3 cmin thickness, preferably less than 2 cmthick and | ess than
10m wi de. 21. An ESD device in accordance with claim 12, characterised by
t he devi cwoheiongi1mifil mfor use in batteries or capacit ®@CF/N0O2010/000241

20

18. An ESD device in accordance with claim 12 characterized by the device being an

ESD gasket.

19. An ESD device in accordance with claim 12 characterized by the device being a sheet

of up to 50 cm in thickness, preferably less than 5 cm thick and less than 10m wide.

5 20. An ESD device in accordance with claim 12 characterized by the device being a sheet

of up to 3 cm in thickness, preferably less than 2 cm thick and less than 10m wide.

21. An ESD device in accordance with claim 12, characterised by the device being a film

for use in batteries or capacitors.



