 ARRAY OF DENSELY PACKED DI SCRETE 2224040 METAL M CRCSPI | ERES 5 [
The present invention relates to arrays of netal mcrospheres -and l
particularly to discrete, densely-packed nmetal m crospheres which are ,

.def ormabl e and conductive. 10 There are many us oy . ay of
densel y- packed, di SCARRAY it WENSELYSPAEKED SUBpeEted o??aﬂ?ﬂ@ﬁe

particul arly when the mcros S WA L ARRI € and conductive. The’
general areas in which such E@%Ni 1 CrOChOERES 4 ospheres can be .used
include electric 15 circuits, mcro-soldering, and inmaging. In the ard@ﬁof
electric circuits, a so-called breadboard for the testing of electric *°
circuits can be ppde b rovigding an array of discrete, densely-packed
cond@icti ve, defoﬁ%ﬁﬂﬂﬁg QI 1RYERbigReredates & @rsay9 L cPetalt can be :
for med miicrbepheras mnd nEotnich bapligh tbha iscyasphalenseby efagkefiace with

a shar Lect . ' ct_js .mde between the individual

i crosgﬂggég b g?@%&?{ggge?re‘ﬁfg&gp%ﬂeegggﬁn gﬁr}ienga'{ ec%‘bcﬂlé?bﬁvﬁnd fornming a
desired electric pathway in the otherw se non-conductive 25 surface. |If
desired, such a circuit can be preserved by coating the surface with a
protfective plastic or the like. In a related application, a security film
canlﬁe made by cOREESy AR MY MFQ§ EPTcaRddnmare ofidenselye net al

i cr osppackadyi tiseritel,ceid bl aRVeFospheresaBRPPorLetf i £vi denced by the

presenc f . .regions of .deforned heres whi.ch -may be detected visually or

eIectri%%ﬁ?%Fa 8%d8?§ﬁi§§}%é£§f§$éns&§Fem&95Q§@§ﬁﬁﬁﬁiqﬁﬁ currently

pr oducedeformpbie andricomdusrt; ivan bEhprgéneedlbpmunnndnmymhehiédbhidra

metal ngcr r a. . di tion,. [ rray o

motal oy ZEAE BF WeRAL it MHMERLE, ol B et RUGD GFeBLERE 7).
circuits, micro-soldering, and imaging.

In the area of electric circuits, a so-called
breadboard for the testing of electric circuits can be made
by providing an array of discrete, densely-packed
conductive, deformable, ﬁetal microspheres. An electric

20 circuit can be formed in the array by tracing through the
microsphere-coated surface with a sharp object. Electrical
contact is made between the individual microspheres where
pressure is applied, deforming the spheres and forming a
desired electric pathway in the otherwise non-conductive

25 surface. If desired, such a circuit can be preserved by
coating the surface with a protective plastic or the like.

In a related application, a security film can be :
made by coating such an array of conductive, deformable QW
metal miérospheres with a protective cover film. Tampering

30 is evidenced by the presence of regions of deformed spheres
which may be detected visually or electrically.

Powders used for fine scale micro-soldering,
cur:ently producerd by spray atomization, can be produced by
removing the individual metal microspheres from a

35 substrate. In addiLion, an entire array of metal _
micrgspheres can be used to deliver solder, for example, by
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pl aci ng such :an array against a circuit and heating the back side of the
« substrate. Wen heated t he individual netal mcrospheres nelt and are

transferred as solder to the circuit. 5 An array of discrete,
densely packed, netal m crospheres can be made which is useful in imaging.
Such arrays are typically transparent and dull in appearance. \When pressure

is applied to the transparent, dull arr%y of mcrospheres the array becones
opague and shiny in the 10 areas where pressure is applied. The degree of

transparengy and s ul ar reflectance d t f
‘pressure EgﬁFﬁ&?t%}%hu?QrﬁﬁRﬁ¥hﬁ9a+ﬁﬁ%J ﬁ?@ﬁ%@f e?gg IlQ%'tﬁﬂgﬂghugefu

i mages orhamhesmﬁe(ﬂﬁ]ﬂhe[xuhhnxntetcNWh¢ntb9@eedbytb¢es§¢hﬁlﬂﬁaenbossed
surface 1p.Q93i f%%ghé¥E§”ﬁéWE(gndn§¥@5995ﬁ§§er538585anlQébetol”portant

and varied uses tor amm array of densely-packed, discrete, netal
m cr ospheté® cdgauidid arly m crospheres which are defornmabl e and
conductg ve, has herg Qir¥ay ea<f &lﬁbtéltéhed@ﬂseljfhpaekéde m86ad need exists

to provide an array of dense Kk di t h

Subt 1 at e MGESREHATSF 154 HeTHE WFFLER | £ CORREPS: i HpaaBaE cSERp7 "
de5|rabIedﬁzﬁyetxfeatyprdalﬂxxtmamspaseue adedodud bl dnapppesnadneei-ve and be
XL oneLy il PoedRRe . LAl od o ARGV pLankBELI: TOanl 8! akBRyCRY SO0

di scussed entl on see s to praovide a substrate havi ng
a d|scontmmmnﬂ§9hﬁnﬁs(ihﬁ|¢EFaYthﬁ%Qm§$n@PEGHﬁrP§¢n§h&ﬁYaFPa§

f'ﬁ\r/‘:ﬁ'tw p%“:}é%@a vﬂteﬁﬁét ﬁeé@h@% ﬂécéﬁﬁ:ohedes TRE deg ree of The present
such an alEARSHRREIGH PG FRARILERCET L Lpe ﬂacérééi PSR o thSe (o
Rrovi ded ammﬂﬁﬁruiepféasumeaappkteﬂttoubhe ﬂndawldnaﬂlmgtednpr|3|ng an
array of diSCrelS Rl o ASROESrdENShbYeR2bke Bate@ShiCtatl bR
produced, for instance, by pressing an embossed surface
15 against such an array of-microspheres.

These and other important and varied uses for an
array of densely-packed, discrete, metal microspheres,
particularly microspheres which are deformable and -
conductive, has heretofore existed in the art. Therefore,

20 a need exists to provide an array of densely-packed,
discrete, metal microspheres on a substrate, preferably by
a method which is commercially feasible. It is desirable
that these metal microspheres be deformable and conductive
. and be extremely densely packed so that: the array is useful
~ 25 for the end uses discussed above..

The present 1nventlon seeks to prov;de a
substrate having a dlscontlnuous metal coating, the
coating comprising an array of densely-packed, discrete

metal microspheres.
30 The present invention also-seeks to provides a
commercially feasible method of making such an array.
Accordlng to one aspect of “the present
1nvent10n there is provided a substrate having a
discontinuous metal coating comprising an array of _
'dlscrete metal mlcrospheres densely packed together such




-3- that when a mcrosphere of the array is substantially deformed it wll
make contact with one or nore mcrospheres i medi ately adj acent thereto. 5.
"Def ormabl e" is defined herein as capable of being substantially defornmed
by the application of a slight pressure, such as that provided by being .
pressed with a human fingernail "Discret@ <4 s defined herein as neaning 10

nei ghbor i ng sEneFesheBon: Bistotflers® ol S AR S Rty o )
t oget her, suc@lefpumedhdfy, WfldJrl @?dﬁeplc@nt@@ph\@rt‘éi ioneletmmaxe it will
necessarily ”ﬁiérSQBh@%sWﬁ&e%ﬂa'i:ely a'd%'aﬁ:‘?ﬁfﬁ it sgre. The netal

m crospheres are forned: fromlead, L0, nwlﬂg bi.snut h, .cadm :um thalllum

zinc, of an alloys or ni'Pefoxmableleds datine t}%‘?%’r%aﬁ"t érapahle L | |

refer to bothbakhgl suaadaa;h:lmuay d&(fomed by the apdicitti®sberes of the
pr esent |nvent

i but f t
e T R Bl ok P Y i it
5.0[err] (i cwbtibt ar bumaandimgesnaddi.erably 0 .1 to 2.0[err] (microneters).
25 A pref 1 Py 3
pre %f%%é%ea-y 1% qdansRly Pgﬁ;ﬁp adl neta

m crospheres is characterised in that the pro area u T orn
di stri b9t ed niereBpreted &dmpingts Partsesa t&!ﬁijte%ﬂ%ﬁﬂhﬁt% degs|na rface

area of the sgbﬁbhahen@aghndﬁyﬂg1§pﬁéﬁ§€3supported 30 It is
e gxtrerey ol ose b ot SR SE B S (SR I dhagAElS
under st ood t hatoskdyt &ogethephemsach ahat' mhsm,spfmr es;!amplé bee s;slmlre _
throughout toy geﬁgfbgﬁeﬁa3Q WT%f”dgE@ssarlly make contact w1th a - T
15 nelghborlng sphere._ _ _ N
The metal mlcrospheres are formed from lead
tin, 1nd1um, blsmuth cadmlum, thalllum, zlnc, or: an
alloys -or mlxture of these metals.f Herelnafter, “metal“
w1ll refer to both metals and alloys.

20 _ _ The mlcrospheres of the present 1nventlon may
_ have a very w1de range of dlameters, but for certaln end

uses they preferably have . average dlameters 1n the range
of 0 1 to 5. Oum (mlcrometers), and more preferably 0 1 to
_ 2 Oum (mlcrometers) ' '
25 '_ A preferred array of densely-packed, d1screte,'
| metal mlcrospheres 1s characterlsed in that the projected N
area of unlformly dlstrlbuted mlcrospheres comprlses at i;}
least about 60% of the total surface area of the

substrate upon whlch they are supported.

30 ) It.ls the extremely close prox1m1ty ‘of the
:spheres, whlle remalnlng dlscrete, ‘which makes the '_
present 1nventlon of partlcular utility. It is to be'
understood that the terms "spheres" and "mlcrospheres“
will be used throughout to descrlbe each individual

35 dlscrete metal dep051t on the substrate.' It is to be
understood that these 1nd1v1dua1 dep051ts may not be
actual spheres, but may 1nstead approx1mate a segment or
portlon of a sphere. '



35 discrete netal deposit on the substrate. It is to be understood
¢+ that these individual deposits may not be actual spheres, but may instead

approxi mate a segnment. or portion of a sphere. -4- According to a further
aspect of the.present invention there is provided a nmethod for formng on a
substrate a discontinuous netal coating conprising an 5 array of

densel y- packed, discrete netal m crosphepes, which nmethod conprises the
steps of: (a) providing a substrate having a depositiqg surface in a
chanber; (b) fornm ng ahAegpsRing Fﬁeacﬁﬂmg@roﬁsmtl@_ thetRresentpe
depOSltEd;f(gﬂvéﬁ’leﬂéhttlgégbhgsf‘f?&ékriuéaohl fiéthioa moh Fdrmilith %t_rﬂﬁa:ehto forlm
an array of dens - pac i screte met m _crospheres. i.n which the neta
has @ mel ti n§UPSEEAFa: fir S1EEPRF RONR Metals CPALING: FOTANAF IS AR
deposi$i on aardraypeofiedenseilygpacked;ediscretecmetali wddrmogphertes e of [err]
or above wh L d ' ket 0 h epositing surface, and
wherein the e ?g%t?ggh?éngéPg?ggg%igﬂ e%%%gg ggqthe initial tenperature to
which the substrate is(fdat PgOpLddngnp swbsExade haying a [depesiking due
to the heat ghyrgapdenfat hoshahpkity Netal as it is being deposited on the

surface of the substrate, The nethod relies.,on,depositing th tal vapor
on a depositing surfac&Pdf Eﬁé'méﬂgsf’r YEEOKkh i 8h H1Es © “ls’refq%&f\fg"‘a? enper at ur e

of greater tihatalhtonbétdepodited; tenperature, [err] of the metal. The

s o preterably et 85° REBKRdLIRG"CRUORERAY, Sppge (e charber

exanpl e, wi tfepesitingesusfage atoofprmypngaadrayi ofs dengely-packed,

_ discrete metal microspheres, in which the metal has a

~— melting temperature T, at the pressure at the time of

i5 deposition and the dépositing surface has an effective
temperature of T, or above when said metal is deposited
onto the depositing surface, and wherein the effective
temperature is defined as the initial temperature to
which the substrate is heated plus any increase in.

20 temperature due to the heat of condensation of the metal
as it is being deposited onithe surface of the substrate.

The method relies on depositing the metal vapor

on a'depositing surface of the substrate which has an
effective temperature of greater than the melting

25 temperature, T, of the metal. The method preferably
includes providing a substantial vacuum in the chamber
before forming the vapor.

The invention will now be described by way of
example, with reference to the accompanying drawings, in
30 which:
Fig. 1 is a schematic drawing of an apparatus used
to practice the method of the present invention; '
Fig. 2 is a photomicrograph of an array of the
invention comprising indium metal depositedfbﬁ polyimide;



30 which: Fig. 1 is a schematic draw ng of an apparatus used tqQ practice
the method of the present invention; Fig. 2 is a photom crograph of an
~array of the invention conprising indiumnetal deposited on polyim de;
Fig. 3 is a photom crograph of an array of the invention conprising indium
nmet al deposited on pon|n1de after it has8Sheen partially sneared; Fig. 4-is
a phot om crograph of arr f t v i I_ndi taI or
polyimde after it ha een§%h%aP4¥%4§Eé¥§é$%pg p gfgakg Y
array of t’hdnvewngibnocoppnissiigignd riddann rreeiaal d@ppesitedonnp@w.mmdeie 10 THY
present '”VQQEe9nlErﬂésd%ééﬂ?pﬂffﬂhfﬁ q§ﬂ§§£% packed di screte, netal
m crospheres supported on_ the”surface of a su rate and a method for
produci ng such an ar Fag. 4pdéyidoRhokamirrEogFaphoaficangagragy ofthital 15
. m crospher, einmq%e@o%ﬂsau@tfﬂmam@tmeer Uﬁamygm&aepra%&e it has-

suf fi ci ent; ckln densj ties. For many end uses, it is inportant that the
metal mcro qa§Qﬂ'screte but” yet very- closely packed together. In a
preferred errbodl rrent Fifg.t Ise iy %Ephotdswian:toqnaphhefnahahrmaqr edplrees 20

e packpd SUFPRELSH FPEraRi NG G e bE JeReTrRn Pae bR
appl i ed, for exa”plfhetﬁfegéﬁtsh‘.h%e rtqwnd o%i&zfs %paff?ﬁfdowth a human

flngernall t he m crospheres-are or med to farm.physi cal™ and el ectrical-
cont act mn@ﬁnéehﬁraﬁ%b¢¢ngdé§ﬁ§9§e@rm@ﬁﬁ@ré§cr°sPhereS suppoptedceBr di ng

to a furthereasueshcef ofhg pubseRhtienwdid i mdiiE for ppeyddedng sachod of
formng an, gl SEthyS? bYet0a8 het Aol B b i ) e 2RPL Y5 P et
mlcrospheres supported by a substrate have been unable to _ ;}

"t

15
produce sufflcrent packing densrtles. For many end uses,

it is 1mportant that the metal mlcrospheres be dlscrete,
lbut yet very closely packed together. 'In. a preferred
embodlment of the present lnventlon, the metal mlcrospheres
2  2TE deformable and electrrcally conductlve.. These discrete
mlcrospheres are packed suff1c1ently close together that
" when sllght pressure is applled for example, the pressure
prov1ded by belng pressed with a human flngernall, the
m;crospheres are- deformed to form phy51cal and electrlcal

25 contact w1th a nelghborlng sphere or. spheres. . . -/

- According to-a'further'aspectiof the ‘present
invention there is provided a method of forming an _.{;}
electrically conductive pathway comprising applying
: pressure to a-metal coateddsubstratefof the invention,
30 'séid”pressure-being sufficient_tp_deform some of the
microspheres to form an electric pathway therebetWeen;r

The arvays of the present invention include two
general parts: the substrate and the metal:microspheres
which are supportedaby'the substrate. In addition, a novel
process.by:which"the metal_microspheres'are deposited onto.
the substrate is. described.

35



pressure to a metal coated substrate of the invention, 30 sai d

s pressure being sufficient to deformsone of the mcrospheres to form an

el ectric pathway therebetween. The arrays of the present invention include
two general parts: the substrate and the netal m crospheres which are
supported by the substrate. In addi tiogé] a novel 35 process by which the
metal m crospheres ‘are deposited onto e substrate is.described. - ba
- Substrat esSBb&kEaLes e which is suitable for use in the present invention

shouTd be sel ected i n 2 GenistanR® WHiLH Nes SsuicalBEdfopludd Sgngnyse.  The
Substrate maﬁ’ 2 lLexi bl e ar |ane>§d£ %fnsggr ept or opaque, nmade from
many di ffer eREorarar FAVEM AR ShQid R § d{ }R AGRREIANGR Wik Bt Bhe

and s on. Aneeldst ot dtshenld use selPind mmm@asa,a lserrf}a@;elm_héc@rr s not
wet by the | iqui Hal he nmet al here 1
Secondly, a églgs%tgrfaxr%e%sh\gg ggl?e se eeﬁllg)%% |s not ﬁ%&r"&%’@ﬁl %%/f’f !
‘t enper at ur esM@kFEiRdfaedavVie & sddssiviapiate Q\%ttlamltmeqseﬁ mdlrvqmms\,hen i

pl aced onto an#5sd0oA? 34 substrabdSHAIRI e Aol RAidIR! Bt dgpendent
on the surface %ensrogugglrween t he Irﬁ)rd and the su strate In g r al

terms, the gPB&TEF fEc &Ate ¥EHOPY thhe gtigid meal which is used

10 - to form the metal microsphere. Secondly, a substrate
_should be selected which is not degraded by the
temperatures experienced in processing.

The wettability of a liquid when placed onto a

15
20
25

30




wetting angl

e between the droplet of I|qU|d and the 5 substrate. f the

surface tension is sufficiently great, the liquid will formdiscrete
droplets and will not coal esce with neighboring droplets to forma. liquid

filmon the
forma |iqui
the liquid f
pur poses of.
dropl ets of
surface of t

i s satlsfled&?%mﬁwlFhﬁegFBPbPFeHhFos&§ﬂ§qq(ﬁﬂQfHRHQHLRQNQF?QE?%Ohhﬁett|ng

substrate. Wetting refers t~o@& he tendency of a liquid to

d filmon a given surface, as opposed to 10 non-wetting where

orns individual discrete droplets on the surface. For the
shbspraSeniS|aVehea5n pamnuakiﬁ1dapenﬁenﬁunntwhelsqnfdce

%@ﬁslgsh %@Qeaﬁt ehef Qr guiusgmt &hd 'sqwsot d{} PYShS LAY ”{;f'

strate eposited t er eon. i sTcondition

or whi ch doesef@ingehnglet Betebencthe deropleds tof uliafuisdikeid atige sur f ace..

The substr at

h f h .20 I
Capanl o o \FEREEERReng EhotnnabiEalRcESeiEh el Ao Al SRel fafbae S

surface of t

the sbbghidt widd ﬁbrmhduBGIEEBMdnaphkﬁxxandukri&nmmlhave an

effective t%&@&{@é éew

i the vareye agh uftnche HAKBARG WELHNRLS bdliedn LR IR Baho6n,

wi thstand t eh@@raﬂbﬁtsah@eesyﬁtylm pederge toudie tansanay myf s@rla@@ld

t enperat ure.

pr esent |nvent|on I ncl ude; nyl ene oxi des fl ouri nat ed
D o7 1 neslEucHoRsvabe LI YheEPakhBo TGRS EREmes N \IARSESER I | 1l osi ¢

t&*B0Ehes 21qaohyFRLR Wh! 6N gD SutsRbens a%JQﬁS S8&s 8 the

| polyner7 FK?ﬁ@@Eéb?neﬁ tRagste€acey pl astics such as polystyrene
~styrene/acrylonitrile cop ner.s ol LS. cQNt ai nerlze
styrene, acrylonitri | E g*‘éu?ﬁﬁpgﬁg% gfyﬁt cﬁﬁeéq(?'ﬁBréqb e is.
styrene/butaﬂméﬁBctepblyhatsLhe liqulduumgphunﬁ1bﬁxtka3ae&nc¢mﬂymetal
StyrenE/nalef&r@ngygéigee, liguid meLal dropleLs on the surface of the .
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30

substrate when deposxted Lhereon._ When this condition is
satisfied it will be referred to as a liquid metal which is
non-wettlng, or Wthh doeb not wet, w1th reference to a |
particular substraLe surface. '

The substrate chosen [or use in the present
invention should:also be capable of withstanding the
temperatures experienced in proéessing The surface of the
substrate on which Lhe mcLal is deposited should have an
effective LemperaLure at or above the melting point of the
metal at the time the vapor is depos;Led thereon. The
substrate should be able to withstand témperatures
necessary to provide such é dcpositing surface temperature.

Examples of polymers which may be used as
substrates in the present invention include: polyphenylene
oxides; polymers of flourinated oleflnes such as
polytetrafluoroethylene; SLl;cone polymers; cellulos¢c
polymers; polyurethanes; engineering- plastlcs such as
polystyrene;_styrene/acrylonitrile copdlymers; copolymers
containing polymerized styrene, acrylonitrile and butadiene
(often called ABS polymers),'styrené/butadiene.copolymers,

v



copolynmers and simlar, polynmers of nonovinylidene aromatic carbocyclic

" nononers; polycarbonates including those made from phosgene and bi sphenol A
and/ or phenol phthalein; 5 polyesters such as pol yet hyl ene terephthal ate;
acrylic resins such as poly(nethyl methacryl ate); polyacetyl resins such as
pol yacrylonitrile and other polynmers ef 7akphabeta- ethylenically
unsaturated nitrites such as acrylonitrile/nmethyl nethacrylate copol yners;
pol yam des 10 such as nylon, polyol efins such as pol et hyl ene and

pol ypr opy| etkbepongui hyed hatyuesespehymerpel shyngnemodieds amhydoidedene

chlori de hosmpp) SaRfUs EAPPL Y "B6SymBLLY skl henevinpaliveny SRl and
per fl uori nated- %ﬁ%ﬁl%ﬂg-%fgpyjegg c%m inyd I n addi??%n,

ol]ymer. 15 .
net al sub<IIRAEYCLER BRINOBELHT nB?r’?-\’?gﬁP%&PF?sméPcﬂydﬁﬂﬁt &hose flade coat ed
with at | eesdm Pphidédend®nan@t bisghenol i Adand /okuphenolphittaledh;ot her netal s

wth a non-wetting oxide coating. | e used. I n general substr.ates which
are un itzﬁﬁiﬁﬁ%ﬁkis%ygﬁc%ﬁs%ogﬁggﬂﬁfﬁnéOgeﬁgpﬂbga?ﬁgegeFgf?édcliquid
met al may 1esioumtsachi as polhytmethyli mgthaarihgte) ; ppolyvdeetyduiresilns
deposi t i ng, i fac ALOSPIE" §3d o HERCho R mEREbE APHEE LRI Al | 0YS
(hereinafter 25 g%?#i%%*’/feq) re‘?erre_ to_as "Rgt gfng? are sg taB}b%'t or use
in the prétdntlemieatlbrunsaeurated ALribesapreht 8She vaporized and
deposi t ed guyyl dliELSLhs  hiet By Whhéthasrghasencopolymers? pbaylmasiest
i nvent,ion. A met al _vapor as q@fd_hereln efers Eo ﬁUjEen ed netal
parti ci%s UG AR MBPR ROHE ?ﬁ’r%ﬁgﬂ“ﬁ%uﬁel’? §ENEIERS 800N, or the
like. It ippkypafopybzhe hgrolyreimel ahabidesssheheasf poigdihydohilbe inket al
chosen be . L C i acteristics are
iygpor t ant a?{r%lI erénﬁ ch'er?{gckgiecgﬁ%% @é}%@!{éﬁiﬂ#ﬁ% é‘?‘?’a%ﬁ? Y&E%(gél y- packed,
di scret e, RedyAulfanespreksanrlspbioresenandnpenfivarinpted-
ethylene-propylene copolymer.
15 In addition, metal substrates such as.aluminum
(typically wet by molten metals) coated with at least a
thin non-wetting coating of aluminum oxide; or other metals
with a nbn-wetting oxide coating may be used. 1In general
substrates which are unsuitable for use because they are
20 wet by the selected liquid metal may be coated with a non-
wetting coating to provide a suitable depositing surface.

Metal Microspheres
A number of metals and metal alloys (hereinafter

\_/ 25 collectively referred to as "metal”) are suitable for use
in the present invention. - The wetal must be able to be
vaporized and deposited onto the substrate which is chosen
for use in the present invention. A metal vapor as used
herein refers to suspended metal particles, whether

30 provided through sputtering, evaporation, or the like.

It is preferred that the metal microspheres formed
from the metal chosen be deformable and electrically
conductive. These characteristics are important in many of
the desired end uses for arrays of densely-packed, '



is also preferred that the nmetal be a low nelting netal defined as a netal
whi ch has a nelting tenperature or range of nelting tenperatures of 400 C
or below. This allows a 5 wi der range of polyneric substrates to be.used.
Preferred nmetals i-nclude |lead, tin, indiug; bi smuth, thallium cadm um
zinc, alloys of these netals, and m xtures® of pure netals and alloys.. For
the metal to properly deposit on the substrate 10 in the form of dlscreLe
liquid droplets the nmetal should have ressure at its tin

t enperature, eﬁcFﬁﬁGugﬁﬁuﬁliﬁs- ‘?ﬁeﬁmﬂ{)?Qék@ﬁﬁﬁﬁ%fuf%ge“hh?eh |gtless .
than the effggt axeop@rrsfalrnsdeaﬂwm tife tiet@l Mosphelew seltbogdmegalhe - - -
met al droplet, after POsit8d 1. t pasi S
preferably a 2888 Peds ﬁgdal H‘et%\e/lagﬁ{lfnﬁ% th %uegr]q“%ﬁuﬁélbﬁé‘{lg‘%?%%‘tlpéeega%t | %el
pressure i s déf meddiay tempenatmres afet4)0 \Gex beleve sthigcaldevwsha
substrat eg t&dt!ee © 4R o %%ﬁ%sﬂls Qhﬁ:?sl@faté@nté hee ehéeal i verazeiirel

pressure, the revap | ze, |nto(ﬁ Qb sur. ounghn? at'nospher & and
not forn1SU|m§§PéslP@Glﬁqﬁwﬁﬂ s o YR e P LR Pat }ng'preferred
that the netahamiwfy . izZind)e allicdys off tlieseresedls | nardt nbrtbeesebdt puiey -
soft and deforna Ie sSQ t 3%)the array may be used in many of the above end
25 uses. e descri bed as ‘a netal” which wi-ll- pi-cal Iy
have a Bri neII Hardnef‘sm\lmhmnne(lﬂll Njo- proprrhy ydepesithan she. SB RLratees
gog ZSHEIHEt§h$t%E9 fmmdf“dlscrete liquid dro?letglgﬁﬁenmetal should

7.0 70%ti n- Bovet ead'apm pressure Aty il nel t4)g temperature, org . 24

-9- throughout. Lts range of meltlng temperatures, whlch is less

than the effectlve partlal pressure of the. atmosphere ' .‘“?
surroundlng the metal droplet after lt is dGPOSlLed on ‘the
15 substrate. Dep051tlon is ple[erably accompllshed in a
vacuum. chamber, thus, the effectlve partlal pressure is
defined as the amount of metal vapor at the. surface of- the
substrate. I£ the: vapox pressule is greater than the
effectlve part1al pLessure, ‘the. metal w1ll revaporize into
20 the surroundlng atmosphere and not form:su;table llquld
droplets on the heated substrate. _ : , o
It is preferred that the. metals used in the arrays
of the present invention be relatlvely soft and deformable :
 so.that the. array. may be used :in ‘many. of the above end
25 uses. A soft metal can be descrlbed as -a metal which will B
typxcally have :a Brinell Hardness Number (BMN) of 1oughly

.less than 50.  BHN values for some metals are:

_ Indlum.'; : R Q_QQH:O 9.
30 . Lead - .. . . . . . about 2
- Bismuth® . 1.0
. 70% tin-30% lead . 12.0

_:Lead alloys . R 8 - 24



Process For Forn1ng Metal M crospheres To produce an array of

-densel y- packed, dlscrete metal m crospheres of the present invention, the
metal or metals and substrate -or web are selected. A netal which 5 has a
melting tenperature, [err] is selected. In the case of alloys having a
range of tenperatures in which they nelt, [err] is defined as the top end
of the nmelting tenperature range. Because nelting point is pressure
depepdent, and thus may vary slightly Befwéen a vacuum and standard 10

at nosphere pressure, J[err] wll be'precisely'defined interns of the
nel ting poi np.ofLherAB! f#britink Relkhs: : Had i me of deposition. A
substrate tallsatatmmmaUMe

of [err] or ‘above (i.®o prodneel1sn pxyaY: ofadensedyspackad ecdiscrate

substrate ispbfgN ﬂiéﬁé&ﬁﬁe@éﬂ biFe takr e%ten%etlaivénﬁrd;ﬁ,phgi@m@aﬁe@QSI ted
t hereon. A pref

of h
is as foll ov%etghs?n g?ﬁﬁ?f‘?af’ OSI Is e&&@qenarr%ﬁﬁnm‘fﬁg‘?ﬁeagﬁ%
chanber. SA\hastabheltlngcuempexatupeqamLy ﬁboseléeteﬁ.tolhemhh icase ofhe
ffecti t f Ty | t
of1 ot v\ SUBFL7 Uiy She! 1°pHRRASHY WnlchRte el StSustlr by pherel
t enper at ur e Bf ishalefinad as the - wlm ofr'the melpingefSmpeaatmxs al
tenperature £gn4éi ChBéESuQépﬁétLi:iﬁ& §u.&mcasofpréa%waé§&zﬁié§: hegh@d plus

any increase_in te erature ﬁFi eat of condensat.i on, of %gstal as it

i s bei ng depbln® cMABVBTYhELightl¥e PeRWeen, Ay Yiagwam;And, é"tﬁﬂff used to
vapor Ib ze10 heatmbsphene pi:eestmesfe'r; hed BD béepreeﬁsaly déeftheds ulns ttexints andd
must be cons e apQL r an
ak] pwed to gdéﬁg %%fg%ngdgggé?tl gggur %tda HL:ﬂ?%é@ﬁ%&ﬁ%#gﬁﬂQs at a

tenper at ur e tim&nofrdeposstionke netal vapor is deposited on the heated
surface in a liquid fgrggad-hee ¢heBhelis abt Wt by R A3h When the

metal is at a temperature of T, or above (i.e. in the
15 1liquid state) is also selected. The substrate is then
prepared and the array of metal microspheres is deposited
thereon. '
A preferred method for depositing a suitable array
of microSpheres is as follows: First, the substrate is
20 provided in a substantial vacuum chamber. A suitable
vacuum is typically about 10~ to 107 torr. The effective
temperature of the depositing surface of the substrate is
at T, or above when the metal is deposited thereon. The
' effective temperature of the substrate is-defined herein to
25 mean the initial'temperature to which the depositing
surface of the substrate is heated plus any increase in
temperature due to heat of condensation of the metal as
it is being deposited onto the surface. Heat provided by
the source used to vaporize the metal can also raise the
30 temperature of the substrate and muét be considered.
Next, a metal vapor is formed in the vacuum chamber and
allowed to deposit on the depositing surface of the
substrate which is at a temperature of T, or above. The
metal vapor is deposited on the heated surface in a
liquid form and the droplets of liquid metal bead up



-10 - on the surface. The liquid droplets of netal are then allowed to _
cool, formng the array of densely-packed, di screte, netal m crospheres on
the substrate. The netal : vapor is preferably produced in the 5 chanper by
means of evaporation of a netal. Dep03|&|ons on the surface is therefore
in the formof condensation froma vapor to aliquid. |In addition to
evaporation, sputtering can also be used to forma suitable netal vapor.

Forms of evgpogqbl %%r%ﬁ@%ﬁalfﬂgﬂlﬁﬁhfﬂ‘ﬁrd Qﬁag¥(£é@§fgLBéOthKaporatron

and evaporation throu use of~resi st
evapor at i onadgemness tpnéoé%%ocﬁqwn%léﬂ}%t%‘eﬁm q!f-gdellselx -paekedied.
Referring talkaee%t;odielmt nﬁ.fc HePeld PN ONb s B, 1, @ microsphere:

coating apparatus, ner al esi gnated_10, s .shown.  The apparatus 10
“includes a vacuum chiﬂﬁer’“eﬁg‘l é’ﬁ"p@rec’t &F%ﬁ%&r&@@'@c%ﬂdlﬁ %BB conveyor

general | § dehbgbeietytheafise ofelevapoweyaiont b f. rmlm@eala SD@pbsLLQbhs4%n a

wi nd-up rol 4 rum.46 ) oyi ded from
the supply krﬂdé snggc% "'% rtr'oql\%g' afgr%ﬁ'dl q‘r{ieag 4%P S né%nfgthggt gﬁofno 4
desired tenpaparute, aaddgudd.herd v Cmdu-hcﬁ\td@ora\tmhjpspni.terdng The
el ectron- beeahsamgeebéoubsw ‘t@eioernﬁmtﬁﬂ%ﬂhé%né&m the p5LA

pl aced to be vaporized. ° 25 el ectron beam-source 30 provides. a Bean1of
el ectrons d?YéE?éét&PQtﬁem659132QQﬁqq QQﬂCQQPﬂRRﬁﬂmzéﬂthﬁam%taI The

vacuum cbarrbeapaeatmehudaa ava@dram‘mﬁhuﬂi dq?ﬂ,ttae L\lhé’é“éif fnj:éées@an&éap 24
varilrapbl e orLitces '

I 2 6, diff 29. 30
I ﬁvﬁs\é? a ﬁcuﬁr‘h-’l s, Eﬁgﬁlﬁmi %Sltal%g”%a‘d“ﬂ‘ersuég 4% TR rRedimendif f usi on
punp 28 .. Adephatgd én. Regall.|35pmma£¢nned4ua pot 32 and it is vaporized
by means of the el ecRpeR REHY LAVt Hhbodh %H@Wi fﬁéefnv@ﬁl?i'gn &ﬂ&m NS

in Flg. 1, a microsphere coatlng apparatus, generally

15 deSLgnaLed 10, is. shown. The apparaLus 10 lncludes a
vacuum chamber 20, an’ electron beam source 30 and a web
conveyor generally de51gnated 40 ' _ ' :

The web conveyor 40 lncludes a supply roll 42, a

_ w1nd-up roll 44, a drum 46 and a web 48.: The web 48 is

'20 prov1ded from Lhe supply roll 42 and is. moved around the
drum 46, whlch is- heaLed to a de51red Lemperature, ‘and is,
then wrapped around Lhe w1nd—up roll 44.»_ |

The. electron—beam source - 30 ‘includes a sample pot
32 in which the metal is placed Lo be vaporlzed._ Thc.'
25 electron beam source 30 plov1des a beam of elechons |
| dlrected at. the pot 32 suffrc1ent Lo vaporlze Lhe meLal.
- The vacuum chamber 20 1ncludes a palr of ShlEldq
22, a liquid nitrogen, trap. 24, a valve means 26, a
diffusion pump 28 and varlable orlflces 29.

30 _ In use, a vacuum is drawn in Lhe chamber 20 by
means of the d1££u510n pump 28. A charge o[ meLal 1s
placed in the pot 32 and it is vaporlzed by meano of Lhe'
electron beam source 30. The vapor rises Lhrough_Lhe
- chamber 20, guided by the shields 22 and is_deposited,on



chanber 20, guided by the shields 22 and is deposited on N the web 48
as it is noving by on the surface of the drum 46. The substrate is
preferably provided in the vacuum chanber in the formof a heated, noving
web as shown i.n the 5 enbodinent of Fig. 1. The web is heated to a
sufficient tenperature so that at the pairt the netal vapor is condensed
the depositing surface of the substrate has an effective tenperature of
[eri], or greater. The web may be heated by means of a heated drum such as
the drum ke wel) 48 iap it & moving By e dhetHripep| ef stheedEBRdensed
onto the rface of the web or substrate, the droplets are allowed to cool.
Cool i ng may be pronoted by means of a cool ack side of

[ i$i&roller-on t he,
the web (not shown)thelsubmieaa idsipkeferaphy TRV Eied nin WEBSoBAGERRe of
the deposichiafbextliP@he iRt Gt &l Isaisdd Atwoviyg tweln &8 $howrdinnthea rol |
for future uyse such as own jin FL.g. 1., Th | ‘the_sSik LSf.ribution
of t hedmePRPOHITERG, & ﬁ%’ar} ‘e 738% &R Sga}?]%gg%%?g%l e%&t%?clgéﬁ&o
bel i eved tepiperatrirdl scairat kit itdid ypxiomesthetmetaht wapowi L8 t he
substrate, mnute Jiqui qnl.et qgﬂg ' akvapor
cones int 80&5%{‘5&& vﬁq}%qﬁ%%?u@s Zsrt‘gr{éﬁéeggﬁsjgeég t eé%if%g%eitqggi ngr eases.
As the si = fmetimentempsiratvralobl Bt o6 Gieadsds dTdR seb @ P into 25
contact Wi ¢y HeRRlLlor USRI IPrdRT SUERT JT L HE ORkes46CGianth is
primarily a function of rate of deposition of vapor. The operator may

adj usf0t h&ig-odessi ng paranmeters to control droplet size. The size of the
m cr ospheres can be mgdxerufeneldi it 3eLabndropletds byré woondansedt batanmount

of metal (3ROl DAt Bhd Ve B¥ Wubdefard 'eule PEAGD EYRROREE! O

& allowed to cool. <Cooling may be promoted by means of a
cooling roller on the back side of the web (not shown).

15 The back side is the side of the web opposite of the
depositing surface. The coated substrate may then be
formed into a roll for future use such as shown in Fig. 1.

The siée and the size distribution of the metal
mi&rospheres can be determined and controlled. It is

20 believed that a metal vépor initially comes into contact
with ‘the substrate, minute liquid droplets are formed. As
additional metal vapor comes into contact with the
substrate the size of the droplets increases. As the size
and number of the droplets increases droplets coming into

\_s 25 contact with other droplets coalesce to form larger

droplets. Growth is primarily a function of rate of
deposition of vapor. The operator may adjust the
processing parametérs to control droplet size.
The size of the microspheres can be determined and
30 controlled by two means; the amount of metal vapor produced
by the source, i.e. the E-beam evaporation apparatus or the
like, and the speed by which the substrate‘web is moved
through the metal vapor in the vacuum chamber. Thus, the
higher the rate of speed of the substrate veb, the lower



i ke, and the speed by whi ch the substrate web is noved through t he net al
vapor in the vacuum chanmber. Thus, the higher the rate of speed of the
substrate web, the | ower - 12 - the amount of vapor that will be .
deposited. Likew se, the larger the g tity of netal beihg evaporated per
unit tinme, the larger the anount of vapor- being deposited. Keeping the vieb
speed high and the netal evaporation rate 5 lowwll cause small

m CrOSpher %%t .:ﬁlr%.ﬁll. O(Sfm&]a oﬁ‘stﬂg@ §@§§db@c depesiRdadec 15a&Rs ANd/ Qe t he
amount of netal Dbeing eva orated incr

a
i ncr eases.langey sthg quaptityeqt tﬁﬁf-ai geg-rlgeegﬁgp,r,aﬁﬁq HPL dHYE: of the

m C"FSpher@ﬁnéM |t.hél|:Eé)rt_![élﬁrenéeaﬂSuhheospealﬂoiObed.w emﬂmjamﬁarmunt] of
metal vapQr is. increase rople t r avi-ng
a | arge ndifREING TR§ NG e?@e?‘g ldég d‘?8§| E'Bs ?"%tt%(risper g%?a“t(ﬁ{ v%??/ smal |
dropl etss vlidw vbel.‘prmmedsma“hb wicresphesest ko Wecfospiast.es A G present
15 i nventg Oé’ed Sﬁ:ﬁ@%;‘? g{jeEESaQBEnLrB o‘rO't‘_h%Ctaml%%th@% tn{@cépf'ﬁ‘éfng?md

t he substr e.m crosp eres of t:he present . invent:i on
typically e\emgerdtfmln srgeeaseangshrofid 2800£0 thec dFRosRherR greater;

typi cal aVﬂ@ﬂ&aé’é@”Etffslefapgbt belliarky ¢haktuhheangese anesmmttﬂoﬂ 20 -
m croneter to about: 5. mcro ters w_gg pr.ef er.abl’ about Qtll m.cropeter-to
a

about 2.0 FARGrRf cbRe ‘)&"?)F‘é? T“Eﬁs 8sq 1S 1SR ent
i nventign décrdusaet sid zadountt bét mekalnivaposphisr asxamqseds.e ag thest 60%

bt of oot ed "Wt (i SnRSLEDaBE 1 EGEE, QHBERNE ViR AR ?ﬁ‘t“é‘?%%?

Arrays hauiekaeitelyrel Jrgenserprériag lasrsspeaseshiy ifd wafe, $alhre not ,

conduct i ved]l_.(g%ign@s h@{igogéabrghaagdbecause |t i's corrprl sed of discrete _ \d

metal m crospheres: -

The drameter of the mltrospheres of ‘the present

15 lnventron is measured at. Lhe p01nL of contact between Lhe

__sphere and Lhe substrate._ Dlametels of Lhe mrcrospheres o[
the: present anentron typlcally range from several ' )
angstroms to 10 mlcrometers and greater, Lyplcal average
diameters of partlcularly useful ranges are about 0.1

20 m1c10meter to abouL 5.0 mlcrometers, and preferably about
0. 1 mlcrometer Lo about 2.0 mrcrometers. ' _

A pre[erred array o[ mrcrospheres of the present
invention lS charactelrzed ln LhaL Lhe mlcrospheres '
hcomprlse at leasL 60 of ‘the LoLal su1£ace area of Lhé-

25 substrate, as measured by the pro;ected area on Lhe
substrate v1ewed perpendlcular to the suhstrate. Arlays'
having extlemely close packlng dens;LLes can be made, but
are not conductlve ln Lhe horlzonLal plane because 1L ls'

_comprlsed of drscrete metal mlcrospheres. '_ ' '

30 The lnventlon is furthtr descrlbed by Lhe

folivwing non-llmltlng examples. -

| ‘An array o[ nu.crospheles of Lhe present. lnvenLJ.on

e si.ze of the m: c.rosphere "\"_



30 The invention is further described by the follow ng
“non-limting exanples: Exanple 1 An array of mcrospheres of the present
invention. - 13 - was nade using an apparatus of the type depicted in
Fig. 1. The drum46 was a 40 cmdianeter resistance heated drum The

el ectron beam source used an Airco Tenescal * CV-14 power supply. 5

A charge of 300 grans of indiumnetal ~wds placed in a zirconia lined pot of
the gl ectron beam evaporation source. The source was |ocated 25 cm from
the drum The shields forned a 10 cm x 20 cm window | ocated 2.5 cm from
t he drum aW@SpB&idES WFdA% \ARARRAIAGESHIR cthectiDe donpoEadi bA Pbg. 1lthe

| ong di mrenehandehunt 1% Wafyj%NWS:irpQﬁdxi@lE@ﬂ P st ehcd Ohéaeeaxaﬁuﬂf t he

drum A 30 neter. long raoll |n1de fil Kapt | rcially

avai | abl e ﬂhﬁnQAﬁﬁﬁﬁ9nJEF%%1ﬂ$ angE9d s Qn%éfgﬁ 92F¥ZCL hﬁgwe

provi ded opowetrtGiypiy. chanber of the type shown in Fig. 1. The f|In1mas

fed arognd the drunlt LN hanmber

and thegpressure was re%ﬁg%d t()%#h é%é%?AbfafH#%&Mgﬁﬁﬁéggga%eg§gge§o 200

C. An el ecinop Bdascwndla ddamathPawiof dhe £ltecteon kfam. evapppetions

dln; ect esl akolkeenot mh@]; soﬂ(}%éjrﬁg vnfca{@é@tzeﬂ ER. gfi!&natwébdﬁﬁxged Q§1e150f .

cm m nut e. i 0 ndi m crospheres havin average_di ameter o

m cronet er ® @&?2%5 3§Hm¥W# lﬂzﬂﬂnrﬁ ShBst YHRdo T'%C%B%? %g h&®-a dul

appear ancefazon ithghidrumulahd aass itironegh symetrieyllfhabetecthecal

resist rr.ay [ C g e he limt
pes?% %%at&'&% gat ta Wire ]brbor% fﬁﬁ?ﬁléﬁ h&? RO, S04 a%:

of the WVWhen T u € appearance o

nlcrospherPoéeanpwgdb@@mﬁilﬁirﬁpzﬂhﬁcﬁwa@eo neh@adram. el ectri ca
resi stance of 0.5 oAM3yyRt®er long roll of polyimide film (Kapton v¥*

film, commercially available from Dupont) 15 cm wide and

7.5 x 10”2 millimeter thick was provided on a vacuum

15 chamber of the type shown in Fig. 1. The film was fed
around the drum to the take-up roll. A vacuum was drawn in
the chamber and thelpressure was reduced to 2 x 107 torr.
The drum was heated to 200°C. An electron beam voltage was
10kVv and a current of 0.13 ampere is.directed at the pot.

20 The drum was rotated to give a web speed of 150 cm/minute.

A coating of indium ﬁicrospheres having an average

diameter of 1 micrometer was formed on the polyimide
substrate. The coating had a dull appéarance and light
would pass through the array. The electrical resistance of

25 the array was in excess of 30 megohms/square, the limit of
the testing equipmenit. When rubbed lightly the appearance
of the microsphere coating became shiny and opaque and had
an electrical resistance of 0.5 ohm/square.

30 Examples 2--6
A series of arrays of the present invention were
made following a procedﬁre-similar to that described in
Example 1 except that 280 grams of tin were loaded into the
pot and the drum was heated to 259°C. The electron beam

* Temescal (Airco) and Kapton V (DuPont) are registered
trademarks.



30 Exanpl es 2--6 A series of arrays of the present
i nvention were made following a procedure sinmlar to that déscribed in
Exanpl e 1 except that 280 granms of tin were |oaded into the pot and the
drum was heated to [err]. The el ectron beam* Tenescal (Airco) and Kapton V
(DuPont) are registered tradenarKks. - 4f - was set to 10 kV and 0.15°
“anperes and the drumwas rotated at varyinhg speeds. Arrays of tin

m crospheres were formed on the polyinide substrate as described in Tablq;
l. 5 wa et to 10 kV andTabhe hm@%&@%@%dﬂﬂﬁhéadrum was rotated. =
Wb speed in Exa : di aneter in mcroneters = cnm mnute 2.
0.1 at varylng speeds. ASxXgYs of tin mlcrosphefes were  formed

. 120 10 odlthe poly1m1&e4substrate as descrlbed in TabléXIE
. 0.8 . 306 . - 1.3

21 Exanple 7 15 An array of the n1crospheres of the. present

i nventi orb was nmade follow ng. a procedugggignyeu to that outlined in.
Exanmpl e 1, except that 3Q gL GaE s Bhehgad Was |oaded into thgpay S84 ihe
drumwas set to Jerr]. ﬁ run1mas set to rotate at a constan{ speed
giving a 20 _mmisE nt.. we®: IS The: el ect ron—@é&%&ge_
was set to 10 k). and the currenn mﬁs sl owl.y varied fromO. 12 anmpt® to .
zero. At 0.08 anpere, lead sph§ ?s haV|ng a di aneter of 2 to 3 ﬂgﬁeoneters
were forned on the polyinide*subdtrate. - -At-0.04.anpere, 0.2 mc ter

di anet er10 ead spheres were- fornmdd4 Even though the drun1tenpera¢®0e was
no;fabove t he n§lt|ng pOInt of begd (327 Ca. radi-ant heat from thgypot was
suf ficient to R R

S Example 7 o
15 : : An array of the mlcrospheres of the present

lnventlon was. ‘made follow1ng a. procedure slmllar to that
outlined in Example 1, except that 300 grams of lead was
loaded into: the pot:. -and: the. drum was set: to 305 C.- The,
~ drum was set to. rotate at a constant speed glVlng a
20 constant. web speed of 120 cm/mln. The electron beam '_
voltage was set to 10 kV and- the current was slowly varled
from 0. 12 ampere: to. zero. At 0. 08 ampere, lead spheres
having a diameter of 2 to 3 mlcrometers were formed on the
~ polyimide substrate.j At 0.04. ampere, 0.2 mlcrometer _ .
25 .dlameter lead spheres were formed. Even though the drum N o/
temperature was: not above the meltlng pornt of lead _ '
- (327 C), radlant heat from the pot was sufficient to
increase the substrate temperature above the meltlng B
point of the lead to allow the condensatlon of molten
30 lead spheres. ' o
_ Example 8
An array of mlcrospheres of the present invention
was made follow1ng a procedure 51mlar to that outllned in
Example 1 except that 150 grams of tln and 50 grams of lead



-

i'ncrease the substrate tenperature above the nelting point of the lead to
“allow the condensation of nolten 30 |ead spheres. Exanple 8 An array of

m crospheres of the present” invention was nade foll ow ng a procedure simar
to that outlined in Exanple 1 except that 150 granms of tin and 50 grans of
| ead - 15 - were | oaded into the poti5 The drumwas set to [err]. The

el ectron beamwas set to 10 kV and 0. 10 anpere. The web speed was set to
240-¢ni min. Because | ead has a hi gher vapor pressure than tin, the first

ni cr ospherwaxrd ckondedeints thetpyt) caBheAlrum Basi setetp A8 Gi.cr AYyEher es

were nost lgqddtkon AdSh wad aaﬁeeonmrﬁepaﬁaeé b 4R w&éot' Fhe3Qeff % | ead

and having a rough di aneter_of ZT m cronet ers e forned on the
pol yi hi de SRARA AR sefybe, 24 AdFm lﬂeatB?Féﬁﬁ?héeBGthﬁFo9lHéa‘é%tra ener gy

tE;) he?t t9 hﬁ’ plsdsate tl@alﬁlb@i/ﬂ thﬁeWElfSﬂgmﬂéerpﬁErbBebeﬁn@dt hi @ | Oxé
anp n m res 0 resent inyention were prepare
foIIo é%??%%ﬂ%resfé rThn? e%ka ?emigrﬁsgﬁﬁgﬁf Witis Qpﬁﬁﬁﬁhn1mas
evaporatedmmif1RE&erﬂiumzmutemwmiexmﬁphénee afid70het8| edn,o030beam was set

té.ot al_lonktl/an Ol’c?n%% m on t e pO %%ngﬁ%} Ef %ggt IE%E-nt ?IemIE?OEE%gkg\l}j\ﬂmt ];'lor e

al umi num weRe gn rmﬁﬂ;QQH%k@dﬂOMY%M#QQOSQbStQﬁhﬁB ohgamu» wadlﬁn@ drum was

heat ed t 0 FRYAUNG-hP & He a%tdc Mﬁmwseﬁﬂﬁﬂoéﬁéﬁéyo%ohé% ghem num coat ed
pol yi mi de. The el ectron beam was he| d, at 16 anpere throughout

this ddht iSHPsimdre kP t3ROVR L '%?)é%%il\'v\h%gvﬁ?f-ﬁﬁl ?Fomzéeeﬁrwﬁ 241600
cmimn. At 600 cnimn indium?25 mcrospheres of around 0.2 mcroneters in

gianeter were fornmed on the aIquuﬁQ§§a:§d9polyinide. They appeared
— sxamp.le -

An array of microspheres of the present invention
were prepared following the procedures set forth in Example
15 1 except that aluminum was evaporated with the drum at room
temperature and the electron beam was set to 10 kv and 0.29
ampere. The web speed was 120 cm/min. The aluminum formed
a thin uniform film on the polyimide. After coating the
polyimide with aluminum, the pot was reloaded with 300
20 grams of indium. The drum was heated to around 150°C and
indium was evaporated onto the aluminum coated polyimide.
The electron beam was held at 10 kV and 0.16 ampere
throughout this coating step and the web speed was varied
from 120 cm/min to 600 cm/min. At 600 cm/min indium
\_/ 25 microspheres of around 0.2 micrometers in diameter were
formed on the aluminum coated polyimide. They appeared
dark blue in ordinary light due to interference effects of
the light reflecting from the spheres and the aluminum
under-coating.



dark blue in ordinary |ight due to interference effects of the Iight
reflecting fromthe spheres and the alun1nun1under-cuarrug—' CCAHMVS: 5

1. A substrate having a di scontinuous netal |
array of discrete nmetal mcrospheres. densely packed t %“lﬂwimﬂ!ﬂum when

a mcrosphere of the array is substantiat|yedeforned act

with one or nore mcrosphers 10 i medi atel y adj acent thereto.

A metal coated substrate as clainmed in €aim2l in which the metal |s Pb, i};
Sn, In, Bi, ZnCLBIMSF or an alloy:or nixture- thereof. 3. - Anmetal "~
coated substrate as clainmed.in Caim1l 15 . or Clain12 in which the netal -

coating all ows _passage of. visible |i petal coated .

cubstrat® as ciai med |r1eﬂwﬁQHﬁ¥ ?;EHY&PQ.at%1§°?ﬁthﬂ?€Hstﬂ§tﬁ%crospheres

have di anet erscoatligy rcﬁzmpiﬂifs:[hd. dm driayréf raisoretermgtarl.

Substrate s amygryemtr e doltdRlptoRlt odehbhiafh fhat s "

metal coated snbsmnﬁphaxa(nﬁuthgiaerMylﬁr%@bﬂtnqtthhlm1defQMmed ihe

proj ected area 1t @aq:t {Bc(;ﬁ@pgfrﬁ & OHPELSEShEE s | east 60% of

t he surface arggﬁbfgﬁh' cﬁts trat QWl . ér Q@Pcoaséﬁ substrate as

cl ai rediPn any1ﬂﬂ9§&ﬂ§ﬁ}2]%ﬂlﬁ¢¢ﬂVWﬁQ#F%%% coatlng conprises el ectrical ly
conductive m CQQSphereS Bhetal &oated substrlEé’ asecpaigbal ﬂﬁdcnalﬂ al m 1

Rorpies o T VSRS HattE ) R BEE o Bl B e
alloy or mlxture thereof.
3. A metal coated substrate as claimed in Claim 1.

15 or-Claim. 2 in which the metal coating allows passage. of

- visible light. _ _ o J
4. ~. - A metal coated substrate as clalmed 1n any one__
of Clalms 1 to 3 iin which the mlcrospheres have diameters
in the range of 0.1 to S. Oum (mlcrometers)

20 5. A metal coated substrate as claimed  in any
preceding. Cla1m in which the. substrate is a polylmlde or-
alumlnum ox1de coated alumlnum.- L '

6. A metal coated substrate as clalmed in any
precedlng c1a1m 1n whlch the progected area of the metal

25 ,mlcrospheres comprises at least 60% of the surface area
of the substrate. , S
-7.. - . A metal coated substrate as clalmed in any
preceding - Claim in whlch the coatlng comprises
electrlcally conductlve mlcrospheres. _ _ _

© 30 8. . A substrate as claimed in Claim 1 suhstant1a11Yaf.

as hereln descrlbed with reference to any one of the
Examples. : _ _
9. A substrate as claimed in Claim 1 substantially
_ as herein described with reference_tosthe accompanying
35 drawings. . '
i0. A method for forming on a substrate a

discontinuous metal coating comprising an array of _
densely-packed ‘discrete metal microspheres, which method
comprises the steps of:



as herein described with reference to the acconpanyi ng 35 drawi ngs. 10
~A nethod for formng on a substrate a di scontinuous netal coating

conprising an array of densel y-packed discrete netal mcmnmmﬁnl "l]l“lll
nmet hod conprises the steps of: *C L M ng

a substrate having a depositing surface g a chanber (b) forn1ng a vapor
in the chanber of the 5 metal to be & posi t ed; (c) depositing the netal
vapqr: on the depositi ngasur parowidd ngoamsabsiraie biavdensd \demuskidring

di screte netgl, Eh&éoiﬂhﬁréﬁamb@rWh'Ch the netal has a nelting tenperature
T. at the pressure at t f 10 deposition _and the depositing
surface has an effecti¢®)t efpERANGr @ ¥APOX' AR &heqshpmbsrePELhe metal is
deposisi ed Oﬁéaalhgodgaoaébbagtaupface and wherein the effective
tenperature is defined,a

? t he |n| |aln% nper t&re to which.the substrate is
heated plus any incread§)i n9¢Bes aFﬁ%@ dY&RRF 9t t of
condensationdeposhtingtauriacettpsfbemngndammaytei diertsed ysipdaiosi of t he

substrate. rOV|arat|n tﬁg ﬁqngﬁsﬁh@Eggd iR Ghilch e %éq;#ﬂh&%s%mwtantla

vacuumi s . ior 'to formng vapor therein
20 12. meltl%gnﬁ?ﬁﬁér§§u€PanE%it i the amsfa@rerat:l then Hmanoﬁhu ch the

nmetalyps Pb, aépositioBl anénth@ddeﬂ:s@'tl?x& Qh'r?&c%r hdlsXlay @ffdERfe 13.

A nmethod as clained, in a % of Clains 10 to, ﬂrh Lch _the U1qrospheres

have dlanete?%mPﬁr?ﬁErFaﬂé g°T abgye gvhen saj rTeg ctBnEeppPSitied

A net hod as chtonthei depbaitiihg snrfhce) thd wherein the effective
temperature is defined as the initial temperature to
which the substrate is heated plus any increase in

15 temperature due to the heat of condensation of the metal
as it is being deposited on the surface of the substrate.
11. A method as claimed in Claim 10 in which a
substantial vacuum is provided in the chamber prior to
forming the metal vapor therein.

20 12. A method as claimed in Claim 10 or Claim 11 in
which the metal is Pb, sSn, In, Bi, Zn, Cd, Tl or an alloy
or mixture thereof.".

13. A method as claimed in any one of Claims 10 to
12 in which the microspheres have diameters in the range

25 of 0.1 to 5um (micrometers).

14. -A method as claimed in Claim 13 in which the

N microspheres have diameters in the range of from 0.1 to

2um (micrometers).
15. A method as claimed in any one of Claims 10 to

30 14 in which the metal vapor is deposited on the
depositing surface by means of condensation.

1l6. A method as claimed in any one of Claims 10 to
15 in which the vapor is produced by evaporating the
metal by means of electron beam radiation.

35 17. A method as claimed in Claim 10 forzforming a
discontinuous metal coating on a substrate substantially
as herein described with reference to any one of the
Examples. i
18. A method as claimed in Claim 10 for forming a



m crospheres have dianeters in the range of fromO0.1 err|

"(mcronmeters). 15. A nmethod as clainmed in any on mam‘“l‘

14 in which the netal vapor is deposited on the deposi am‘ ans
of condensation. 16. A nethod as clained in any one df ¢ a'ms®10 to
15 in which the vapor is pr oduced by_eygpar ati ng t he net al by means of

| ect b di at
or formng a Stortininls Meral E8ating 57 & SUbsbrats SR mﬁgy
herei n descri lm:i mtéumedesenibeﬂowahy vaferenciec tE»(:Ihqgm:e U &E the

met hod as cl ai éj?rhé;argr Sépa %P%orm ng a -18- di scontinuous net aI

coating on a su y:'as herein described with reference to
Fi gure B of th@acconpan@u%gbsﬁraﬁﬁn§§V139’ a digcontinuonssmehalate having

a di sconti HUO%A@iﬁg &Q%f@&uéédpbwucﬂ@tﬁbdaa@@i@ﬁn{eﬁi GlrpidfRA drie &y one
of Claims 10 to 18 f-orm ng an electrlcally conductive

pat hway corrprl%xﬁ’gm%pb?yFﬂglﬁressur'e to a’ met al coated 10 - substrate as
clained in any2eone of Ca&i ﬁstﬁoEOoQ fazmdnpr assw:tedww]sw foondundtive

deform some of ttll?way 851(389 Eiﬁa agpigﬁﬁlgagr@s%%ge (tcp %t r?n"&@/a f}?g‘-ﬁ? w_een..
100 substrate as cla:.med 1n any’ one of. c1a1ms 1 to. 9, saJ.d
pressure be:.ng suff1c1ent to deform some of the:
~microspheres. to form an. electrJ.c pathway therehetween.




