COATI NG METAL PARTI CLES FI ELD OF THE | NVENTI ON The
present invention relates to a nethod for preparing
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patterning by electrostatic or electrokinetic neans,
such as patterning of netal particles in the

manuf acture of el ectronic devices. BACKGROUND OF THE
INVENTION In a variety of applications it is desirable
to apply organi c ofOREONGaMETAPaPARTIELESsuch as net al
particles and netal powders, to substrates in a
oredetern1ned oattern One such application is in the
- W@ A boards, where sol der paste

cont ar @ré’@éz@& mv&ecf &@Sr@pﬁrb@nm'aﬁdné&l@d for

substrate thr Cgi‘téaltss ste%}r or eI ectroforrred
RYEET+ W%t ‘?%ejsn RERPVHRT krger particles
Pox rpatrtgerrMEn[g/ bmc@ﬁdtms&ﬂﬂfromméﬁﬁmkiﬁiﬁic means,

om.tenperature for
<Sﬁglijong peri o sé Sﬁeq%a]t eailrtalrcgpsubjré t-teh? granutacture of
B BIVIFEY. C]: THE | NVENTI ON Anong t he sever al
aspects of the invention is to provide particles for
electroklnetlc or electrostatic deposition in a
QUG MENT LNt her aspect is to provide

met al arti cI eswhl ch are resistant to oxi dati on and
st abl & G e b Rfe PRI Pt iiddsl saidessigiable to apply

dRfMEIAldY Binorganic particles, such as metal particles and

metal powders, to substrates in a predetermined pattern.
One such application is in the field of printed wiring
4

boards, where solder paste containing metal powder has been

applied to a substrate through a stainless steel or

electroformed stencil which defines a pattern, or by screen
printing.

Many industrial solder and other metal powders are not
stable at room temperature for prolonged periods in that
they are subject to oxidation.

SUMMARY QOF THE INVENTION

Among the several aspects of the invention is to
provide particles for electrokinetic or electrostatic
deposition in a pattern on a substrate. Another aspect is
to provide metal particles which are resistant to oxidation
and stable over prolonged storage periods at room

temperature.

Briefly, therefore, the invention is directed to a
method for preparing particles to retain a charge such that
the particles are rendered electrostatically or

electrokinetically mobile. The method comprise coating
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el ectrokinetically nobile. The nmethod conprise
coatingparticles with a coatipg nedi um whi ch
facilitates attachnent of a charge director nmaterial,
wherein the coating nediumis selected fromthe group
p@nSiSléagwbthami@@atim@emééﬁumrmh&éhnﬁanf&ﬁméﬁss

elall i es CIdS bases nd m xg ur s there
FE s A Bt £ e od rai RS P AT LfEvier Horche
aoalt Lot med i g i@es@h&ét@deﬁrMmtﬁhéhﬁr@@@lééﬁbiﬁ%ﬂm@nof
&fﬁ%%lytg a e, dre%orrm iumto r?am a,
posTTT Ve 0T %%%atl TIPSR R o G VNET SBRET e Rier
abidparbvasées mh@ohiosiedd cethdyedf, e&@cﬁ@i@ Nedr€idles with

TR THETEY | BRSO Ore § QU h PR Y b i1 atticTes

@:Bttltltﬂlh@%é@tfnh@&nédh@ﬁ EHLESOSHBEH Ca harge director
c?er_gtroklnetlc de 03|tjon(£rocess The particles

P SE t HEPHET 17 B Yol e LT et Ry Thaldfn ditidee and
ms:rew erém&ﬁsw@l@rﬁméé teat s 18 & rand iRt 1 | her et o

e d|r tor material, wherein the coating
éiﬁﬁ%ﬁgk%g W?Qﬁﬁ?he group consi sting of
anionic s |es non- eci es, catjonic species,
et qot ZEEHES adtires MR SRR 47 Aokl T
elicectastamicalnl on &lhectoasing: ied ummiere pdheicles

harlgsg gjjﬁgea%g g;atqerl al JEcatscﬂg 05|qt]%9vk(;_L or ncggéaetéalseltlon

};Q}cﬁﬁésfs)stmé qaslﬁa/lcolre@cﬁﬁﬁ;rﬂgeﬂeinec%aﬂtlmm la@ders

aPte:LCrEgS rr?en 11Lr? aotri'I rt e C)Igcaxtthlecllenvb(:)orc]:%lleosn wvl\‘nlllclh bfeacl*lnlltates
attachment thereto of a charge director material, wherein
the coating medium is selected from the group consisting of
anionic species, non-ionic species, cationic species,
acids, bases, and mixtures thereof; and a charge director
material on the coating medium wherein the charge director
material has a positive or negative charge and thereby
renders the particle bodies electrostatically or

electrokinetically mobile.

Other aspects and features of the invention will be in

part apparent, and in part described hereafter.

DETATLED DESCRIPTION OF THE INVENTION

In accordance with this invention, organic or
inorganic particles are coated in order to render them
amenable to treatment with a charge director, so that the
particles can thereby be rendered electrokinetically or
electrostatically mobile. 1In one preferred embodiment, the

particles are a powder selected from among the
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are coated in order to render them anenable to
treatment with a charge direcgor, so that the
particles can thereby be rendered el ectrokinetically
or electrostatically nobile. In one preferred

regitoll fEhtqy s Hn padn [ Rb esSmatiey ACpovatetasel @et esh fApmi,

E%ﬂﬂ%? t s/all qys Sn, Sn/ Pb, Sn/Ag/Cu, Sn/Ag, Cu,
I"Agy/ Bél}?f%g/ [ ,orSn? '8 " or others. The particle size
is typi het ! Qut 5 m.crons and 1.mm_ |
one gﬁ%%gglgén%tnjtb&t ﬁe [)Eae?tbll%lté’%j lacraerTl O\C/\bnezcrwepeé} AR d.s
sz orgs eanchviemage  diranetee renfeidieem ta e ghﬁi%z?bsﬂuxﬁ
1.CT. : at h enbadi nent the re powder
pg’gicﬁlgﬁes hlaévl:eg Sgnrhaé)\t/hg{rgagaél di armetEt e%\‘ﬁg:eerF cepn ghput
Gbownd GEhantc ragnsni d@rensor eﬁerarmtkmv@uoldﬁg@ﬂcy Ahehy are
1.4h a size distribution primri t ween
Iagou?r f# J:tagr]iL széoé'iavfoa}ﬂ &siéEer aﬁfrttqrglbé_‘“?reé“ about 1
aald exbratd gy mick®isz.ed quay tﬁnﬁﬁ;fm@\éimﬁvcﬁbroa_\seraaqupe 6
rticle.size hetween ahout .50 and abaqut nm crons.
R R F 8 TG e PUHEP aPeTrelia REtyacET ghout 10
sphekesitof2 0 ndfganisc. natey ipdlrdidlidRg aaR Ve8RS y mid-
reat er than about , 100 m crons, such as _between_ 100
o Y- e re ey
gpher &0, el atRNitaisn capiEldreald .ONSn ar gaReMalliternative,
articles T8 Jbe _used. |In carrying out the invention,

d fdt i é’élé{re&ycgér‘@&msme&%%r HECTESPE St & tRrd Rl
harng i2en ia&e&falgfea@ti&lélt Jrebkiralthiann@Rout0Riod MREON,S such
égﬂgégﬁée%PQbolggbgo%% %g%r%’mm. These are, for example,
solder metal spheres. For certain applications,

organometallic particles may be used.

In carrying out the invention, the particles are
coated with a material selected from among ionic surfactant
materials, non-ionic materials such as non-ionic polymers,
organic acids and/or bases, and mixtures thereof. Depending
on how the coating is physically carried out, the coating
medium may also contain a solvent. That is, if coating is
accomplished by immersion in a solution, spraying with a
solution, or exposure to a solution in a fluidized bed, a
solvent is needed. On the other hand, if the coating is
accomplished by a plasma coating process or the like, no

solvent is required.

Among the surfactant materials which are suitable for
coating particles according to this invention are the

following cationic materials:

Stearamidopropyl diethanolamine available from Inolex
Chemical Co. under the trade designation Lexamine 22.



organi ¢ acids and/or bases, and m xtures thereof.
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That is, if coating is acconplished by imersion in a
solution, spraying with a sol ytion, or exposure to a
solution in a fluidized bed, a solvent is needed. On
the other hand, if the coating is acconplished by a
plasans coahdabkpl ogrssesr sheh!| afehy@pogehyead is
teglowetky haminget heasLabact fadbm Ak e6 i RbS1 Whh88rakBe trade
Sesighbeiboraecnatnngrparticles according to this
invention are the followi ng cationic nmaterial s:

St ear am dopr opyl di et hanol ami ne avail able from I nol ex
Héyir Eatoh. sahdesingeava htiwbbesf grmt Hanptlekaei Gleemical
qumﬂﬁatlgnn@nderkyheahr@@s deshgrat hyurbgepased M.

tal |l owal kyl am ne avallable from Akzo Noel under the
trade desjgnation Armeen, HT. . N-Myri stoyl sarcosine

NV Fappet f*?%ﬁ?%h%% heYel Epete chrocdiymalrion Cpereical
?%@??%%O%e%ﬁl%t HaagR YR s gnat @ dlamgesyl S.

sarcosi ne avail abl e from Hanpshire Chemni cal

I‘é’itl der th tra desi gnat on
g@ 18} % ﬁlf%
¥%ﬁﬁ%i%?ﬂ] designation
r%{ %%Harrposyl M5. N - (1,3-di rret hyI butyl )

- N- phenyl enedi am ne avail able from Cronpton

Cor por ation under the trade designation Flexzone 7F

N-aht i rddegtthviDag)yl) 1 phienihlexerb-dnital i gakdl 4188 {3om
CEnption formpnmatian wydroxpte mpagstoidrmigrie)ion Flexzone
AV atdniblexidam &0 lunder the

N, N'-hexane-1,6-diylbis(3-3(3,5-0di-tert-butyl-4-
hydroxphenylproionamide)) available from Ciba under the
trade designation Irganox 1098.

Amino-based silicone copolyol surfactant available from
Lambent under the trade designation Lambent Amine PD.

Stearamidopropyl diethanolamine available from Inolex
Chemical Co. under the trade designation Lexamine 22.

Amides, Polyamide and Polyamide resins for example Versamid
940 polyamide resin available from Cognis.

Also among the surfactant materials which are suitable
for coating particles according to this invention are the
following anionic materials:
N-Laurylethylenediametriacetic acid available from

Hampshire Chemical Corporation under the trade designation
LED3A Acid.

Glycerjl Stearate SE containing potassium and free
glycerol.



trade designation Irganox 1098. Am no-based silicone
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di et hanol am ne avail able from I nol ex Chem cal Co.

under the trade designation Lexam ne 22. Amdes,

Pol yam de and Pol yam de resins for exanple Versam d

940 pol yam de resin available from Cognis. Al so anong
Béeesiefactidn{doadesnals adddh avei Balblabfeof afroda under
toadée nghpades tyest howotdodgcid Bhis invention are the
follow ng anionic materi al s:

N- Lauryl et hyl enedi anetri acetic acid avail able from

TRikpS hi  eclchbfitkes oo e st ¢ nfetimeiey Late niwdere [alcohols
€esT Hhaf | brhermdacsesd. hdyegey | plsisphaite SBolyoxyethylene
Ebht @y h e pernsehesphate I rasea ) gkl of rBeemda Amider the
tERED s atoF E9Rt TN ateddamiies fE¢RAn Crooda under trade the
desi gnation Crodacid B . Fattyha:coggglggo?phate
ester/ethoxylate nmj xture [al cohols CI16- .

1- he %@%%%W%yﬂfb"gae‘#epﬁ&fﬁﬁ@elﬁ I A dihey | il quiing
sl yheel deafapdosghat e] avail able from Croda under the
trade designation Crodaphos CES. , Additional suitable

materials include the follow ng polyneric materials:
Styrrere acrylic acid copdlyrer axaila0le uner die
i grest ion Jonoryll framn S ¢.C Johtgdvis @b .Co.  Et hyl ene
acrylic acid co-polyners A-C 540, 540A, 580, 5120,
5180 available from Al lied Signal Corporation.

YN 2l 1 s tasEd ccadiad yared ot S4d,t V5 4@, dSend 5120,
5180 available from Allied Signal Corporation.

Palmitic acid, stearic acid and other fatty acids and
mixture thereof.

Propylene acrylic acid copolymer.

Rosins and modified rosins for example Gum rosin,
hydrogenated rosins, fumaric and maleic acid adducts of
rosins etc.

The foregoing coating materials render the coated
particles amenable to treatment with a charge director, so
that the particles can be treated with a charge director to
render them electrokinetically or electrostatically mobile.
This coating provides a surface characterized as, for
example, a very hydroxyl surface or a very acidic surface
with which a subsequently applied charge director can

react.

In selecting a coating material, if the particles are
metal particles to be used as a solder, it is preferable to
select one which provides a fluxing function in the

eventual powder when it is used as a solder.
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of rosins etc. The foregoing coating materials render

the coated particles anenablegto treatment with a

charge director, so that the particles can be treated

with a charge director to render them

el ect hokngetheablryanicehettis oshathcakéystbbabe FBiScoating

b ides.a surface characterized as, for .
ERERPEeBLR0E0s 1y boy Phler 1AEE5LFon "Ser yaLiphriic and
suohaticwathdehi mbna, sabs eguetatyoRpDl & ;e@lecsdsn@r ?ﬁd_ a:lLso

' tor.can react . In selecting a coating materjal,
f R 2508 PR Cpic nopdfEdRF | CPERSR bR, BeeoraoRic
soideretet, | Snpledengbtige t PoFRORLhG ONEmylb Cindr @VESBSoxy1ic

f L uxi f tl in th t.ual wder when it is
RELAC AL 5| PSRRI { FRNG B AR CVSRT oS WRICE zarich as

saipobl ci@] 60BiA0-pad] | £bESrRECUGIAY S0t iSe acid,
i nvention_are aliphatic_and aronatic acids, npno, di,

T2+ 1Qr ok itelents aftlal so amino acids, sul fonic,

| fam c ophi ni ¢, . phosphoni.c, aci ds etc,, .including ,
L A\ PIBL LG, PROSRNOND, 301 5, elcte b6 ML, i
packhohes | mi‘d%@ Ve e 1ls aﬂﬁv&aﬂld i Sl @ s agli fdlbl?lovlving:
acid, _citric acid, ascorbic acid, succinic acid, maljc
Srlrated o ARy (He R GO i Fies
Boit t@bdpIOrpemding Peddhdd L5, acartHRg dRiddd S ethyl
i nvention are the fqilom4ng: sat urated and

YRR ur et e 25y i PHa T ABIRE arkiRRY ewimefes alkanolamines,

alkylamines, Anisidine, N-phenylbenzylamine, N-
Phenyldiethanolamine, Diphenylguanidine, 2-

Aminobenzotrifluoride, etc.

The polar organic solvent, when used, is selected from
among those solvents in which the coating compositions are
soluble. These solvents include aromatic and aliphatic
compositions; for example, alcohols such as methanol,
ethanol, isopropanol, butanol, other alcohols, ketones,
glycols, glycol ethers, esters, toluene, benzene, and

mixtures thereof.

In preparing a surfactant solution, the surfactant or
polymer content in one embodiment is between about 0.05 and
about 10% by weight, preferably between about 0.1 and about
1% by weight. The organic solvent content is between about
99.95 to 90% by weight, preferably between about 99.9 and
about 99% by weight.

In preparing an organic acid or base solution, the
acid or base content in one embodiment is between about
0.05 and about 10% by weight, preferably between about 0.5

and about 2% by weight. The organic solvent content is



for exanple prinmary, secondary, tertiary am nes, ethyl
amne, tertiary butyl am ne, propylam nes,
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N-phenyl benzyl anine, N - Phenyl di et hanol ani ne,

Di phenyl guani di ne, 2- Am nobenzotrif luoride, etc. The
pol ar organic solvent, when used, is selected from
anong those solvents in which the coating conpositions
heeweeh ubbeut TH2s25 sod vent sby ned iiglet armmefétalsiy between

| hC cglh%_)o 11i.0ons.. f.or exanpl e, alcohols such as
%ﬁ%‘ﬁgﬁ%%:Set an%#c?u?s%%? o%%n“é?l,g ut anol, ot her
al co : C [ . esters, .
ol ocnes REELERESs Ao SR SR e
N sap fameurt obluwpiton, abdiet s facttznt  oin polpreferred

SR j ' (.s. between about 0.05 and
abouc?{%eoﬂ&/iop’bﬁeeiiggt, ép‘;lreée% eérr:\%ll{;ﬁ et Wee é)ajt}'blﬁn G—.m_io%fhtd
kajoigen 0slyuines Fhtand hebarty @ave: 50| VER mm:rHc&illtoﬂ s
MERN t. 99 0% by wei ght ref erably,

%S% ween gﬁ%tl%f%ea#ge%bfoﬁ r&lsﬁ%r%/ %’f@arﬁc?mlcr?glor.l'
Preipdiried) kel orapning aciov-arhdzas el ngod Iitd O M1 ey ,addad 1

1 03se cQni ent i N one, enbodi nent i s between about
F%L]D]g‘ ef'ﬁ'd agrgoﬁlfealdo%lby Wl ght, preferably between about

0.5 ap 0 i : e, organi ¢ so!v nt .

cont ent %?ﬁ%ﬁﬁﬁ%ﬁ@%@%% D W%nﬁaﬁt e
derardresb oL hatrk dhealpautt 199.65 anck &ﬁmﬁed%ﬂ%lheaﬂﬁsﬁﬂce.

rdadisd e j.ntr ced intqQ the coating mxture
Iﬁ%g%aanounc?ﬁ%e?{tur#}{%o pg‘g%d‘tc GO ‘%aﬁ%l’?%;bﬁr%&e&nr & and
fdrsodiimest wittthe sparduitalads heigh iditeleditadd iorgamidnMurfuid
0,

éHgHM§§1f§%ﬁgra (?ng%§¥¥¥gﬁ€%% @ ﬁgggﬂﬂ%ﬂgﬁiégi of
Houston, Texas under the trade name Isopar. This yields
prepared solder particles ready for use in patterning.
Also, due to an oxygen diffusion barrier created by the
coating, the particles resist oxidation and are stable for

prolonged storage periods at room temperature.

As an alternative to immersion coating of the
particles as described above, they may be coated by other
methods such as fluidized bed coating, spray coating, pan
coating, rotary coating, roll coating, plasma coating, or

solution coating.

The foregoing process yields particles which have an
electrically insulative coating and which are capable of
holding a static charge. For solder powder, the coating is
capable of melting away at soldering temperatures, and in
some instances the coating serves a fluxing function during

soldering.

As noted above, the coating medium may contain a
mixture of two or more of the species mentioned. In one

example, the primary coating medium is anionic or cationic,



introduction is selected fromanong ultrasonication,
fluidized bed coating, |owshear inpeller mxing, ball

worzdosioeny19 and bead mlling. After coating the PCT/US2004/022079

10

15

20

25

30

particles, the supernatant is decanted off and the
particles are washed at |east gonce. In one enbodi ment
the particles are washed between two and five tines
with a neutral high dielectric organic |iquid such as
vibhaa acbuntdrsspebﬂeed(batmw chemmtahiof oSSt H6r

d | sopar. This yields
g‘?ég%?jégglg |%}2$ r%c?e ?’5%%5 for use in patter ni ng.
Al so, on barrier crea

the 35 st ?ﬁaﬁ;égﬁ?f’ef%%ﬁ?%;.@eo St 1 B ERHA wpe scope
@fa’bﬂl@S«ﬁodemDibe@eﬁbm@rag@lwlm &f tl®nseveral ionic
YPSRECAL iion s 30 ALLREARL] MSal0n OTRLShET LRALIR
%:@Jaf@@e by '.bhdﬂexomjad: W&Eh@%éleﬂtﬁdeﬁo besthmsDethd e, the

C n., coat | r.ot ar oatin ol |
coa nggﬂ; (gt‘gorrrap“zl?)a Wg? %}befrbt %fa’t?g‘?’lgr[om%urposes of
r@n@@mm@ m@qmtmbémexmﬁmﬁmmn hewe an

lati coati ng and whi ch are capabl e
jf cfcw c}gﬁleé&%&frﬁ;&c%@% . For sol der powder, the
ti I t in rin
temperatifs ea?éqaer.t‘n’l%%ﬁe TS et Al i serves
%1¢¢Wktg1éuﬂrmtpmceh3immtsoisjefhmg diksc vt abaes U.s.

o P ST T R 7 Al Sl ed Seffostron

D RATTERIERNG (PROCEIEN itheandranire QT:Lsﬁ:ﬂ.tdsQfﬁél & thhidh is
e%&)l@etsesr 1y§ %%:éoersbo(rcaactelé) rI'lecreolrn '{} q:rg fC relil'lsceed, ft?'lre particles
are introduced into a solution containing an electrolyte or
polyelectrolyte, also known as a charge director. Examples
of suitable electrolytes/ polyelectrolytes include, but are

not limited to, the following:
Polyvinyl lecithin solution available from HP Compag

Phosphated monoacid diglycerides available under the
trade name NPHOS

Sodium dodecyl sulfate (SDS)
Sodium lauryl sulfate
Cobalt nitrate

Perfluoro pentanoic, octanoic, decanocic acids and

similar sgpecies

Perfluoro carboxylic acids (perfluoro sebacic,

suberic, succinic acids)
Sodium and calcium fatty acid salts
Sulfates of ethoxylated alcohols

Ammonium lauryl sulfate



controlling the overall charge. One especially
preferred enbodi nent within the scope of those

waele®snitded above enpl oys one of the several i oPCTUS2004/022079
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species (anionic or cationic) bound to a netal

particle surface. The ionic species is selected to
conpl enent the charge director which is to then be
appl i ed for purposes of rendering the particles

el ectsodtami ghlyy onlbhiecs rakd netl Eahdtyesobil e. To use
the particles in an electrostatic or electrokinetic

pr oceBariumhpasrohate di spt Domal 1y hddi fi&l Batpatfusion

[ j b ly 9, 2004 entitled DEPCSI TI ON AND
ﬁgﬁﬁEiﬁ%*£?¥ééx§§E§Pthe entire disclosure of which is
j r ' e
oart | o AL LAy PARAL L e ot P O o S e L es
eletadl 1 by brnedhyk| auneml yt eghldsioddndwxade @y L hamyenium

i . ' | yt .
ISEAe] S8 B ent SR R el rs%i%ﬁ%% the
I | owh Ng: [ i L ' val e from
ng Cooyr?rl)g% %ﬁﬁtﬁ%%%eﬁloéa% %13‘%%%2%13@2 é\lsai | abl e
URIEFr @ IEne b herl HareoNPHOPD Boi aire gl ot yse ul i e

D8 SO R | ST et dipt:e b do U AL BRILLHOT O
pent anol c, octanol c, ecanol Cc acl as and sSi ar

Belei ebe PeedmpiorTe cird et icle ksl iger fihorabsebabdsgribed
SIDETAL i SHOGH NS @Eécgarticle bodies which facilitates
attachment thereto of a charge director material, wherein
the coating medium is selected from the group consisting of
anionic species, non-ionic species, cationic species,
acids, bases, and mixtures thereof; and the above-described
charge director material on the coating medium wherein the
charge director material has a positive or negative charge

and thereby renders the particle bodies electrostatically

or electrokinetically mobile.

Thereafter, the particles are dried by pan drying,
spray drying, or other suitable means. The function of the
electrolyte or polyelectrolyte is to facilitate maintenance
of electrical charge so the particles will respond in

desired manner in the presence of an electrical field.

In preparation for printing, the particles are
combined and wetted with a liquid having suitable
dielectric properties. One example of such a liquid is the
Isopar product. Another example is a product available
from 3-M Corporation under the trade name Fluorinert. The
combined particles and liquid ranges from about 2% by
weight particles up to about 90% by weight particles. The
particles constitute from about 2 to about 60% of the

mixture on a volume bagis.



Sodi um and calciumfatty acid salts Sul fates of
et hoxyl ated al cohol s Anmoni um | auryl sul fat eSodi um

wa@bdogloo™ud f at es and sul f onat es Bari um pet r onat BCT/US2004/022079
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optionally nodified by perfusion with distilled water
Quaternary ammoni a el ectrol ytgg and pol yel ectrol ytes

such as allyl nethyl ammoni um chl ori de, hexadecyl

ammoni um chl ori de, and dodecyl trinethyl anmoni um

chl orWden ThtsodheiedhyeVertdss edbfcthospaéscnt | yinvéntion or

C ' Lcally.nmobi | articles for use in an
glug c%%%g%gflé% %rpbéé?%rg‘??% E? ﬁe‘f]?%r%%%t)s’&?? oft ptotess’a"
Thae" palf thel esndompaiide dhe peréndd® bodhesn tH&: there are
%gve};desgri bed coatj'(nrg medi um,on the particle, bodies

TR F AT Fi Pht B8S 2t t 2Rt ¢ NeT et BF aCURRFHRing”.
tinettdtngnt £fid at hawhes ei dird hen€Oaddd o dask UhdBusive and
sel ected fromthe 3ggroup (Fclmsi sting of anionic species,
Tori At SPett dlaY RF i Hftt Lpat vl enrn s oirBsthamdthe
M xted esl éhetite®f ; and t he above-descri bed charge
di reg%or mat eri al. on the coating nmedi um wherein the

char fe® dT#et?HF TRARIFAI CPEY LPIRIIT Vi drhiderfer T ewi thout
Sdedgel sndrtherehy & rse thee %&ér@dforb,ogit;—?%s intended

1%Iﬁ%ctmftaticall or electrokinetically nobile.,

T eaft dRathde RIS Ht kR iaRPYR JRECEIRE Frp and
SRSy T YEHW, a @F Reall Thes funcd

the el ectrol yat1 e %@%}gbﬁe%ﬁ%ﬁ%%lor%aci [ t%%égd as
bt i lerfintEe ARGkt rita bitkgas Fanke parthe | keregeing

féﬁﬁﬁéﬁiﬂd1ék¥ﬁﬂf¥édﬁHUHﬁef'bﬁ'E%HH&%%EH%%théﬂ]?ﬁve been
electrical field. In preparation for printing, the
Eb@‘f-‘r‘?‘ﬁ’%sf%lf elllustration purposes only. It is intended

that the scope of invention is defined by the appended
claims and there are modifications of the above embodiments

that do not depart from the scope of the invention.



conbi ned and wetted with a liquid having suitable
dielectric properties. One exanple of such aliquid is

wa b@shoepar product . Anot her exanple is a proRPCIUS2004/022079
avai |l abl e from 3-M Corporation under the trade nane
Fluorinert . The conbi ned parijcles and liquid ranges
from about 2% by wei ght particles up to about 90% by
wei ght particles. The particles constitute from about
WHAD BHOULABOE® OISt he mi xture on a vol une basis. Wen
i ntroduci ng el ements of the present invention or the
pr ef ek r ed® endoidbdentr (sTepderepfpatteches i tb esetaln a
o " . "sald! e intended to.nmean that there
R R e
ebemprostaglcallyncdmde et mokti tidtaidaipl'y atiebi é englesl herhod

bed ive and nean that there nay be additional
e

ther than the listed elenents. As various
5 changgs, € . | -abave w.thout departin
fromthe %g%gtel?%f the (::Inévéeﬂﬁ%ﬁ,a icfg%%lrll%tné% Wt%ﬁch
Bciketatees cortadhmeent mof e dirmee dbscrdipht aomtzaeial ,
o e ' rawi ngs .shall be
P PG R AN M SN P2 O3 s gove
st e dhragodbmic rapaties t mandioitedspembes, ofationic
[ - at ve bee rqvided for illustratian
%ur pgés%gr%%%/%]’ II%J]SlaesSe’l neréo{]ndlgld%%a%s t%e]%ec%%esto? viela
10 pawteitliem wisthdefhaembdiyiidiensahipendackdai mamnd t here
are nodi fications of the above enbodinments that do not
depardcritrash it Seppmwficles iwivedntthen . QAR S e diluED
; t . ' articles to retain a.. .
ecl_%arreéoen s‘@c t{gcgw{]%ee sz%l(rej{)el qugg nger%urmeﬁ:é)erl&? art % positive
@t ewigedsitvg idwtge drhestedtt reold netdreddyt ywembid ehd hrticles

éﬁgéyy£statically or electrokinetically mobile.

2. The method of claim 1 wherein the particles are

solder metal particles.

3. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises

coating the particles with a cationic material.

4. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of the following: a) stearamidopropyl
diethanolamine, b) C16-C18 monoalkyl amines, c)

hydrogenated tallowalkylamine, d) N-Myristoyl sarcosine, e)



conprising: coating the particles with a coating

medi um which facilitates attachnent of a charge
wa@lreoeoom19 mat eri al , wherein the coati ng nmedi unPCBHUS2004/022079

sel ected fromthe group consisting of anionic species,

non-ioni c species, cationic species, acids, bases, and

m xtures thereof, to yield particles with the coating

medi um t hereon; and contacting the particles with the

BoSteayoyvikdsancosibnepnt Wi ¥h (&, Thatmetldy Tiect @1 ) fedi um

j tiy r pnegative c g ere nd ,
%ﬁ%frl éﬁ%%?%rg?ﬁ%he gal\?tl | e e}é?%%trbé %%Yﬂ%?y?’ o$(3'5"0d1'
’eéhe’ctb@kyﬁe‘t +1¢1adtq>|cp&mmybpr&%namedéne)lt hagl) (ﬁm%ﬂl@iméed

cles.are sol der tal particles
L PR L R Sr e Ern, 90 porthoressa, ghereot.
sol der netal partl cles; and coating the particles with
a coating nedi um conprises coati ng the particles with

a catg onfige LRl of 4ot 5400 f claiml
wher ei n: tehe partC?1 esc are gloq%gr al particles; and

Coatlﬁwet{%]@r@?éléé?'a?ﬁe%éfﬁ@r%éln% éﬂ'@&o chses

coating t particles with a mater| sel ected

t he mm@r&nétpmﬁlééﬂaﬂftﬁ{@%d&n@ medlum mprises
st ear am dop di et hanol am ne, b) Cl16-Cl18 rmnoacﬁlf
% rg;%%/ 13 gvateasiamsrleqhed from %the

5 Gbddts | 10y s S QS N cfésN S8 r
Lgecwd. et hyl bugtcyl) -I\Tphenyﬁ;ened%rﬁe}g %%ﬁalﬁmﬁhe

=heXane -1,6-diylbis (3-3(3 ,5-0ditert-
but yl - 4- hydr oxphenyl pr oi onam de) ), h) am no-based
silicone copolyol surfactants, and i) m xtures

ther%gfihe method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises

coating the particles with an anionic material.

7. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of a) N-Laurylethylenediametriacetic acid,
b) Glyceryl Stearate SE containing potassium and free
glycerol, c) Stearamidopropyl diethanolamine, d) Behenic
Acid (docosanoic acid), e) a fatty alcohol /phosphate

ester/ethoxylate mixture, and f) mixtures thereof.



5 . The nethod of claim1 wherein: the particles are

sol der netal particles; and coating the particles with
w@2@em079my nmedi um conpri ses coating the parti cPE€BUSED$022079

a material selected fromthe group consisting of

am des, polyam des, and polyamde resins . 6 . The

met hod of claim 1l wherein: the particles are sol der

netal particles; and coating the particles with a

coat i g Hedi wathodpofsesatwaliwgetdenparticles with an

anionic material. 7 . The method of claim1 wherein:

t he paReiepetigiessatrdesohdenl mpaat i péesichad; caadi ng

the particles with a coating medi um conprises coating

the pePRterestiftRasthateriwlithet ecoatifng onedhengrouprises

69881841 Pl O%aﬁﬁi&éé‘%i’ﬁﬁtQgéﬁﬁgé@f@trﬁéégfiéf. aci d,

b) G yceryl Stearate SE cont pot assium and free
gl ycerol, c) Stearam dopropyl diethanol anm ne, d)
Beheni ¢ Acid (docosanoic acid) , e) a fatty

al coho! / Tihe spdieiied est e¢1 £Ihox Wit L 1w Xt ure, and f)
m xtures thereof.8 . The nmethod of claim1 wherein:

t he pali¢ ipdesiales satelesoldinlmgadl isdesicpag, caayi ng
the particles with a coating nmedi um conprises coating
t he pzeaticiestig tpeet polgmerith atasateing Medidihecomprises

|.al rei,n: the particles are sol der
B, o PRI, § B NG S oo
5 guoeup mg:meb?t&nggr?ra’)sesthpmté mg:ﬁ}l“ﬂﬁcpasrc;:ﬂdslcﬁ?pdm');}ﬁ‘ela, b)
r S te romthe group consisting of a),
%@Q/releénrgé aa%:creﬁkfejlt: caaccfjué)c%op"&%/]%@e,lpsa )¢/ palmitic acid, d)

stearic acid, e) propylene acrylic acid copolymer, and f)

mixtures thereof.

10. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the

5 group consisting of rosins and modified rosins.

11. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of gum rosin, hydrogenated rosins, fumaric

adducts of rosgins, and maleic acid adducts of rosins.



et hyl ene acrylic acid co-polyners, c) palmtic acid,

d) stearic acid, e) propylene acrylic acid copol yner,
w@eas0)79md xt ures thereof . 10. The nmethod of CcPEI/BS04/022079

wherein: the particles are solder netal particles; and

coating the particles with a gpating nedi um conpri ses

coating the particles with a material selected from

the group consisting of rosins and nodified rosins.

11. Th2.nEhbdodethod| af nclaivher ewiteréhwe: particles are

sol der netal particles; and coating the particles with

a coathmagoaedl chesonpe | sebdevaténgl tperiphrlés) esnd th

a material selected fromthe group consisting of gum

rosi nCoayERGgehatartbel s, Wimaatl@oddmmme@iumosomrlses

ahgk etﬁeaﬁégt ﬂ@gtﬁléﬂ %iqﬁ%@qgléi.

claiml wher'el n: partic es a e soI
particles; and coating the particles with a coating
medi um conprises coating the particles with an organic

aci d mmf eTh@lmetHsd Jdhecr@idod Wesdalm 1 wherein: the
particles are solder netal particles; and coating the

par t i chespatt tc e aatd N> THRsH Uia OS5 Sesc K0t i gy t he
particles with a material selected fromthe group
consistatnineftie) pditpheles vadids djatalraiddi @i dsnprises

(@ﬁ@gﬁg%boxgl | C. e(:Sl d"jsltg}nangfl‘a?{g boxlyl [ cjﬁﬁm%gs“fcregm the

5 aougs, cch)smﬂjfn:gnco:ﬁ ai:)l dﬁhpﬁaﬂﬁlﬂﬁiﬁﬁ@ a9l dssonldtic acids,
Cﬂeqﬁcp hocnai;r c?%é}f??ﬁ %ﬁ?]g# k) ﬁ{? Xélucraersboxy r:|.(:"cmcac'J.dls4, e-ghe
tricarboxylic acids, f) amino acids, g) sulfonic acids, h)
sulfamic acids, i) phophinic acids, j) phosphonic acids,

and k) mixtures thereof.

14. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of mono and dicarboxylic acids with a C

backbone length between C, and C,,

15. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of adipic acid, citric acid, ascorbic
acid, succinic acid, malic acid, malonic acid, and mixtures

thereof.



the particles are solder netal particles; and coating
the particles with a coating nedi um conpri ses coati ng

wo b@sperotd cl es with a material sel ected from t PET/YS04022079
consi sting of nono and di carboxylic acids with a C
backbone | ength between Cl angs C20 15. The nethod of
claim1l wherein: the particles are sol der netal
particles; and coating the particles with a coating
medi ubhécoThei seshocdabfnglabe pawvhégkes:with a nateri al
selected fromthe group consisting of adipic acid,
ci trithacpdrtastesbaceasdtidesunetal cpact ficlerti enaci d,
mal oni ¢ acid, and m xtures thereof .16. The nethod of
cl ai nFQabhegethe pastpatescieshaneceat ity wetaln comprises

e LRg rij h atin

B cohe PP A L OO OF B8 e P bife R ebi 88 o
base material . 17. The method of claim1l wherein: the
particles are solder netal particles; and coating the

par ti ey esTMé t he Bn6Q3GE NG1 §BA1 UM KOAP{H, Ses coating the
particles with a material selected fromthe group

consi shé ngaof 1 al éphaté Csal@e ArAEBA 1 Co@Pt 1€8es 18andhe
met hod of claim1l wherein: the parti cI es are sol der

nEtaIc@atimgIEBe pﬂﬂtt@ﬁé$n@lﬁmeaFf?&tﬂﬁ@sm?diﬁmacomprlses
coa ri ses _coating t epartlc es with a
TRTEHTS) TR RRF O PO T HE B rbU P EOns St1oigted Bjom the
5 gmowmrgoﬁ@1@65ngbde@EQ@H@ﬁycaﬂh@&&reﬁati@rémﬁﬁés.
am nes, and d) m xtures thereof. 19. The nethod of

claim1 wherein:
18. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of a) primary amines, b) secondary amines,

c) tertiary amines, and d) mixtures thereof.

19. The method of claim 1 wherein:
the particles are solder metal particles; and

coating the particles with a coating medium comprises
coating the particles with a material selected from the
5 group consisting of a) ethyl amine, b) tertiary butyl
amine, c¢) propylamines, d) alkanolamines, e) alkylamines,
f) anisidine, g) N-phenylbenzylamine, h) N-1i)
phenyldiethanolamine, j) diphenylguanidine, k) 2-

Aminobenzotrifluoride, and 1) mixtures thereof.



the particles are solder netal particles; and coating
the particles with a coating nedi um conpri ses coati ng

wao b@spendtd cles with a material selected from t PET/gsm0H022079

10

consisting of a) ethyl amne, b) tertiary butyl am ne,

c) propylam nes, d) al kanol amiges, e) al kyl am nes, f)

ani sidine, g) N phenyl benzylamne, h) N -i)

phenyl di et hanol am ne, ) di phenyl guani di ne, k) 2-

Ani noz)@nzoméacﬁtm@matda;aw dy el &dtirsieindtes €9f1¥0nobile

BAFTHErat T ued £h S G etraRiarTe 9 Slecfrokinetic

@ttt okoneprocaeppstiid opa Pt DERSS , cdhiSr PaTd ¢l es
conprising: particle bodies; a coating nmediumon the
par t i rdet bobk dsodesh facilitates attachnment thereto
of a charge director material, wherein the coating
medi uin ¢ sEne onedt dim con t Hee gvam:mchémmdmm wifich

C eC| atlonl C|es
acl Jgﬂg%a%%sé@éa dﬁm tlt %ésr er eof andr% %et
r@ﬁttr@m@l rrethesr e mtmwlm@m!mm@thm the

e er|al has a positive or ative,
iﬂ arge andl%%gﬁ%by renders tHe part ﬂoélﬁo‘?ﬂ]e species,
senostspecadd y aridd edtasa netnd abixstumds |tthe?dof; and
The particles of claim20 wherein the particle bodies
are svlehargetdirguray chatdyoidileson 2he T tpiard ingd deisunof

| di onpri ses. a .
@%@n&%%%ﬁ%é %%egrbaa@ E "fe§1 of IR 20’ °F
nggateive tdengmtamd trhmr&b'gr cmmirems:ma metrericdle bodies

SRR F W USSR R idd o o

21. The particles of claim 20 wherein the particle

bodies are solder metal particle bodies.

22. The particles of claim 20 wherein the coating

medium comprises a cationic material.

23. The particles of claim 20 wherein the coating
medium comprises a material selected from the group
consisting of the following: a) stearamidopropyl
diethanolamine, b) C16-C18 monoalkyl amines, c)
hydrogenated tallowalkylamine, d) N-Myristoyl sarcosine, e)
N-Stearoyl sarcosine, f) N-(1,3-dimethylbutyl)-N-
phenylenediamine, g) N, N'-hexane-1,6-diylbis(3-3(3,5-0di-
tert-butyl-4-hydroxphenylproionamide)), h) amino-based

silicone copolyol surfactants, and i) mixtures thereof.



di et hanol am ne, b) Cl16-C18 nonoal kyl am nes, c)
hydr ogenat ed tal |l owal kyl am ne, d) N Myri st oyl

w@200608i9me, e) N-Stearoyl sarcosine, f) N PCT/US2004/022079
-(1, 3-di et hyl butyl) -Nphenyl enediamne, g) N, N
1-hexane-1, 6-diylbis (3-3(3,H70ditert-
but yl - 4- hydr oxphenyl proi onam de) ), h) am no-based
silicone copolyol surfactants, and i) m xtures
t her edt. 24Th@hpapaltiebesfotlaimi po 20hvheisi Bhéheoating

I.Ng Lumconprises.a, material selected fromthe
Iégcg%%ﬁc%%sgg%ls%a %fmgﬁ?ﬁé‘?} 5%%%?%@?%@%&%%@
cessnstiRg. ofhempaes| chedyanidta] R wbey&hDdéheesins.
coati ng nmedi um conprises an anionic materital . 26. The
particles of claim20 wherein the coating nedi um

conprises a material selected fromthe group
consi 3% nfhefpa¥t Aelasr 9f e¢hyien2di eneteiacehe ccaat thg

; ; ar at Lain ot assi um and free
g?%%§$g§§&%%l%%%aégngﬁgg?%gg%g%gﬁ%%%goIanine, d)
Beheni ¢ Acid (docosanoic acid) , e) a fatty

al cohol / phosphate ester/ethoxylate m xture, and f)

M xtuzes thies e9drt 2d1ed Nor P41k £6 Wherd il MBI coating
wherein the coating nmedi um conprises a polyneric
AL BT FompBBSe TR ke bssotected nfron wike egroune

66361 901 RPU 1M £ DL $£P) & MR 1L ol L EA [ S AR IFE 1)
roup consisting of a) styrene acrylic acid copol yner,
éh¥c%%Y%d%#ﬁﬁ%@#%l$% Fnthivipwigerassiw) pad nitee
. . . . L .
S N B SRR e M mehenic
A1 Horomrngie? edeidhe @oat | faftedilrehohfrhcgshate
dier ) Ansalestednf£Qm-d Ne 9 WP i xtures thereof.

27. The particles of claim 20 wherein the coating

medium comprises a polymeric material.

28. The particles of claim 20 wherein the coating
medium comprises a material selected from the group
consisting of a) styrene acrylic acid copolymer, b)
ethylene acrylic acid co-polymers, c) palmitic acid, d)

5 stearic acid, e) propylene acrylic acid copolymer, and f)

mixtures thereof.

29. The particles of claim 20 wherein the coating
medium comprises a material selected from the group

consisting of rosins and modified rosgins.



consi sting of rosins and nodified rosins.30. The
particles of claim20 wherein the coating nmedi um
w@eopni™es a material selected fromthe group PCT/US2004/022079
consi sting of gumrosin, hydrogenated rosins, fumaric
adducts of rosins, and nmal ei ¢@cid adducts of rosins.
31. The particles of claim20 wherein the coating
medi um conpri ses an organic acid nmaterial . 32. The
par tizbesThé chatields V\@ﬁr@i@llﬁ h®o cwiad +édn NMeElk Usdbating
ﬁgrlses a materi al eleci ron1 hg grgﬁg

Y8t FREPHHSS Al TaheE Tl o B et cCIEHRs,
ceonmmomg bex ydying ﬂﬁd;ﬂﬁ @d%@@:ﬁ@@é&l ¥&s Bgd deurﬁanc
éécarbox I|c aci ds, gflno acj ds, g) sul foni c
RFYSES hYL sTPFET C %(%‘Fl dl%a $3C phobhi He0GeF RE Fgsins.

phosphoni ¢ acids, and k) m xtures thereof . 33. The
particles of clai m 20 wherein the coati ng nmedi um

conprises ri eI ct d fr t.he grou .
con3|% |ﬁ%ﬁ%28ﬁ§%%§%ﬁ% G DERyFY IAEY nmﬁ@% goEing
MQ@kMMnﬁompng$®sb@mwﬁfgaﬁﬂceamhdﬁﬁhté%haﬂhe particles
of claim 20 wherein the coating nedium conprises a
material selected fromthe group consisting of adipic
acid, citric acid, ascorbic acid, succinic acid, malic
aci d, 3%ral B¢ coakt e lem o fi ctaies2@ Heheotin @% deeting

| wher
AL Eomits 08 MR AL Tl QA G TR oBup o
epngl et e ohner edhiphat toaadide mdell mcemitpm sasids, c)
rnaﬁsg dAbo f&tg&& o hes | 514

atic nd arOITHIC aim nes. e par |C eS of
5 Um&w@@?{m eipidde Toaminp acids, g) sulfonic acids, h)

sulfamic acids, i) phophinic acids, j) phosphonic acids,

and k) mixtures thereof.

33. The particles of claim 20 wherein the coating
medium comprises a material selected from the group
consisting of mono and dicarboxylic acids with a C backbone

length between C, and C,,.

34. The particles of claim 20 wherein the coating
medium comprises a material selected from the group
consisting of adipic acid, citric acid, ascorbic acid,
succinic acid, malic acid, malonic acid, and mixtures

5 thereof.

35. The particles of claim 20 wherein the coating

medium comprises an organic base material.



medi um conprises a material selected fromthe group

consisting of a) primary am nes, b) secondary am nes,
wa@oos@odiary am nes, and d) m xtures thereof. B&I/UI10e4/022079

particles of claim20 wherein the coating nedi um

conprises a material selected;dromthe group

consisting of a) ethyl amne, b) tertiary butyl am ne,

c) propylam nes, d) al kanol am nes, e) al kyl am nes, f)

anusumsneThg)pakphenabbcﬁzyiaﬂmnzo WhePeih)the coating

| di et hapol am ne, phen nidine , k) 2-
R UBCHOBOT L SPF ubr PAELTARH 15 47 Urar ESOPREhR GhToW
dbaspatingl 68 @ilpngblafaﬁaaaﬂsmgeléha@yﬁ@s38 wher ei n
the particle bodies conprise solder netal particle

bodi es.

37. The particles of claim 20 wherein the coating
medium comprises a material selected from the group
consisting of a) primary amines, b) secondary amines, c)

tertiary amines, and d) mixtures thereof.

38. The particles of claim 20 wherein the coating
medium comprises a material selected from the group
consisting of a) ethyl amine, b) tertiary butyl amine, c)
propylamines, d) alkanolamines, e) alkylamines, f)

5 anisidine, g) N-phenylbenzylamine, h) N-i)
phenyldiethanolamine, j) diphenylguanidine, k) 2-

Aminobenzotrifluoride, and 1) mixtures thereof.

39. The particles of each of claims 22 through 38
wherein the particle bodies comprise solder metal particle

bodies.



