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20 conditions.

Products of this type find utility in such fields as photolithography, the
manufacture of flexible circuitry, etching, plating, and vapor deposition. Other utilities
include the manufacture of “egg crate” substrates for gyricon rotating-particle displays as
disclosed in US Patent No. 5,815,306 (Sheridon, et al.). '

25 Such predictably dimensionally stable composite articles should meet the
dimensional stability requirements for fine-pitch electronic circuits. Fine pitch electronic
circuits find applicability in electronic chip packaging, i.e., so-called “first-level”
packaging as the intermediary between the silicon chip and other external circuitry. Fine
pitch electronic circuits are also used as printed circuit boards to which pre-packaged chips

30 are attached, and other electronic interconnect devices, especially where minimization of

component size and/or weight are important.
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(dielectric and metal) will be aligned layer to layer. To achieve nominal 25 um line and
25 pm space, as would be required for chip-scale packaging, the individual layers of
patterned metallization and of vias (holes) in the dielectric need to be aligned to better than
20 + 50% the spacing, i.e., better than + 12.5 um to an absolute reference point (fiducial
mark). The core or base material upon which the multilayers are built needs to have
dimensional stability at least this good, if not better. The preparation of larger scale
predictably dimensionally stable composite articles provides the way to reduce the per unit
cost of products made from smaller segments of such articles. '
25
Identification of Related Art.
The following references are relevant to the invention:
US Patent No. 3,689,346 (Rowland);
US Patent No. 4,576,850 (Martens),
30 ' US Patent No. 4,414,316 (Conley);

US Patent No. 5,175,030 (Lu and Williams);
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(Kerr and 0 ’I)].; EP- 130659 (Brown); and US Patent No. 4,
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15 The basic unit of the patterned polymer layer and the metal backing is predictably
dimensionally stable, thereby providing a larger dimensionally stable composite article to
provide process efficiency which leads to cost reduction per unit part. ‘The combination of
the patterned dielectric and metal foil is predictably dimensionally stable, making it
possible to stack multiple layers together in register, to form multilayer circuits which are

20 functionally similar to printed circuit boards. Two or more of the substrates may be
prepared and conjoined to form more complex electronic circuits than would be possible
by using only one layer alone.

The articles of the invention have the needed predictable dimensional stability to
provide these features. Articles according to the present invention are characterized by

25 having predictable dimensional change after exposure to heat at 150°C or less for one hour
or less and return to ambient conditions of less than about 100 parts per million (ppm),
preferably less than about 60 ppm and most preferably less than about 50 ppm. That is, at
100 ppm the articles according to the invention will have a dimensional deviation of less

than 10 um per 100 mm spacing between a designated original reference point and any

30 fiducial mark spaced 100 mm therefrom on the sheet being evaluated.
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a metal foil baokiidy to provide a |ayer having an exposed surface; 25 b.
contacting a radigtion transm ssjve master with a preforned, surface

bedfing a. pht Ene 10t ef exdiatiopLurable compositien Hilpspatpehwith the patterned
mcrostructure Qf RLEGHRE Waster, exposing the curable composition to a sufficient level of

radiation through the metal foil backing to cure said composition to provide a
cured polymer which adheres to the metal foil backing; and _
d. separating the cured polymer layer on the metal foil backing from the sufface

20 of the master.

In a further aspect, the invention provides a method of making a composite article
having large scale predictable dimensional stability, said method comprising:
"a. depositing a layer of a radiation curable composition onto one surface of a
metal foil backing to provide a layer having an exposed surface;

25 b. contacting a radiation transmissive master with a preformed surface bearing a_
pattern capable of imparting a three-dimensional microstructure of precisely
shaped and located functional discontinuities including distal surface portions
and adjacent depressed surface portions into the exposed surface of the layer of
radiation curable composition on said metal foil backing under sufficient

30 ' contact pressure to impart said pattern into said layer, wherein preferably after

such contact at least one portion of the polymer layer will include a distal'



shaped and | ocated functional discontinuities including distal surface
‘portions and adjacent depressed surface portions into the expoggdoy 2005
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15 imparting a three-dimensional microstructure of precisely shaped and located

interactive functional discontinuities including distal surface portions and
adjacent depressed surface portions into the exposed surfaée of the layer of
radiation curable composition on said metal foil backing under sufficient
contact pressure to impart said pattern into said layer;
20 c. while the layer of radiation curable composition is in contact with the patterned
surface of the master, exposing said curable composition to a sufficient level of
radiation through the metal foil backing to cure said composition to provide a
cured polymer which adheres to the metal foil backing; and -
d. separating the cured polymer layer on the metal foil backing from the surface
25 of the master.
In a further aspect, the invention provides a method of making a composite article
having large scale predictable dimensional stability, said method comprising:
a. depositing a layer of a radiation curable composition onto one surface of a
metal foil backing to provide a layer having an exposed surface;
30 b. contacting a radiation transmissive master with a preformed surface bearing a

pattern capable of imparting a three-dimensional microstructure of precisely
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conposi te articl golyaer BhidtPAddRres 8 1R MEGPIoHlARkRg, fhdrensi onal stability
conprising: a. a netal foil backing having a bacl%’surface and an opposite
front surface;d. asepardsingahé eyred polynerilger an tlemetal il badigngefrommdhe sgrface
expg(?ed front sur ﬁge-b aring a 15 three-dinensional mcrostructure of
preti sel y shaped® M3tdt ed functional discontinuities including distal

surface porti o iavhtdeiaboegitbviders BSHP6kiR 4ide RaviRg drae 86alé prbdidtalpposi te
surface in adherent contact with the front surface of = said backing,

wher ei n gire¢nsianel stability eemprigings portion of the polymer layer includes a
G el st ecs, POR AL KeaREE SR yhFERhg o ol 4T MhGant
article of the, igkse bParddtionGused polgfeskaing aPegstised fohestfarebehidngh
St a{)}) Tty compri tshlreneqélimensional microstructure of precisely shaped and located functional
discontinuities including distal surface portions and adjacent depressed surface
portions and an opposite surface in adherent contact with the front surface of
said backing, wherein preferably at least one portion of the polymer layer
includes a distal surface portion distally spaced at least 0.05 mm from an
20 adjacent depressed surface portion.
In a further aspect, the composite article of the invention having a large scale
predictable dimensional stability comprising: |
" a. ametal foil backing having a back surface and an opposite front surface; and
b. a layer of a radiation cured polymer having an exposed front surface bearing a '
25 three-dimensional microstructure of precisely shaped and located interactive
functional discontinuities including distal surface portions and adjacent
depressed surface portions and an opposite surface in adherent contact with the
front surface of said backing,
The metal foil forming the backing of the composite article of the invention may
30 be comprised of any metal which will withstand the process conditions described in the

method above and will provide predictable dimensional stability in the composite article.
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Dot ni t1 ot Thel TeGlepERt LR eAsTIR kA% SEpiTiets Of ARen Mich Biude Shanes er
herein. TheedeR/ifig atd REIARY &nﬁh&ﬁ&ﬁm@lg%hh&@%ﬁaeé S ds@fcon spheres and
discontinuities" refers to shapes that are nade by predeterm nabll;/ )
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15
Definitions

The following definitions apply to the invention described heréin.

The term “precisely shaped and located functional discontinuities” refers to shapes
that are made by predeterminably replicating substantially the inverse configuration borne

20 on a master which has been endowed with original, non-random, precise functional shapes
which are precisely located relative to each other and this term is intended to exclude
shapes that are merely decorative or randomly textured to provide a frictional surface.

The term “precisely shaped interactive functional discontinuities” refers to shapes
as defined above which, after fdrmation, are capable of forming cooperative mechanical

25 arrangements with other complementarily shaped objects.

The term “large scale predictable dimensional stability” refers to the ability of a
segment of shaped sheet-like substrate to retain substantially its predicted dimensions after
being subjected to a heated environment of 150°C or less for 60 minutes or less and then
returned to ambient temperature. A segment of such a substrate will generally have

30 substantially all pre-heat and post-heat radial measurements vary by less than about 100

ppm, preferably less than about 60 ppm.
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segment of shEsctgrmhmetal|follerefersde gihin contipuqusisheehianaidl i al Iy its

predi cted di l.ons af:ter . beingd. ' ' t of
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t enper atabiligy tohperagifrthet pasfags of Radiativnbgier Bt thevdthlougk fivhdar ¥nddgy soutfe such

substanti al | é@al | pre-heat and post-heat radial neasurements vary by |ess
t han ab@§en elpstropheamsemetimes tefereaditoras aa-beamYI) SPICH FHNMA BYNOUCSOIZ WO

02/ 9985 / 9 The term"netal foil" refers to a thin
71 o erii a8 sl

conti nuous al. The term"radi ati on-transm ssive netal foil"
refers to a rBtealerthdchrethit refi@endelte polymdrs refetsctopolymérs nerlebyssasye of

boam ( s SREME cROp UG Of GYmEblednBRBHETC SOdienalerFaprR e DY RPLGTBR of 5

t her mal F A0 4Gl ed i g rs
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or ol i goadical poymeenizaionscatipnagmilymatizationpinionaic popymenizatianand tler kifge: sour ce
to,produce a.solid material by .variqus_.nmeans incl.uding.free- radical
poliror i zat | GHe 6P GrFe CDBPTHREF P TGS G POErG aJfAls T B CUREE ( ne
like: 1Qertif cuPAUIe cEMPpEHIONS DMPsiry prepoblymeriimiteriilo hRdhy Feleagt iRt erials

made by curing certain curable conpositions conprising prepolyneric
mat er i alrepeating mpnemerigamits which mep batnined mithorther mongrersc miatesialsasy be

m xed w4t t her MEl C | s (described . n.US Patent No.

3 576, pabriel sn S PASRONE AT IRad i e o @ i By TRl oo
Description of the Drawings Fig. | is.a schematic representation of one
process for naking the dinensionally stable conposite article according

tol?he invention by radi at i BieERgsosiptionofthe Brawings backing. Fig. 2 is a

i monsi onal |y Gl 2oohSale PRk GHiof B REBrdeBi OF biskthe BF ablensiontfe s i on

by radi atablé'composite article according to the invention by radiation exposure through the

backing.
Fig. 2 is a schematic representation of another process for making the
20 dimensionally stable composite article according to the present invention by radiation
exposure through the embossing tooling.

Fig. 3 is an enlarged cross-sectional view illustration of an exemplary gyricon
display including gyricon particles deposited in cavities contained in a segment of the
dimensionally stable composite article of the present invention.

25 Fig. 4 is a drawing of a segment of backing bearing an array of fiducial marks.

Fig. 5 is a graph showing the dimensional difference (in mm) after heating as a
function of data points which are derived from measured inter-fiducial distances between
the various fiducial marks shown in Fig. 4 of an uncoated copper foil backing,

Fig. 6 is a graph showing the dimensional difference (in mm) after heating as a

30 function of data points which are derived from measured inter-fiducial distances of ~the

various fiducial marks shown in Fig. 4 of a polymer coated copper foil backing.



exposure through the enbossing tooling. Fig. 3 is an enlarged

‘cross-sectional viewillustration of an exenplary gyricon di spR&NOV 2005
i ncl udi ng ri con Eart icles deposited in cavities contained in a segnent
of the di"WBNH2{U8%4¢Iy stable conposite article of the preseR€TV§ Yon.

25 Fig. 4 is a drawing of a segnent of backing bearing an array of
fiducial marks. Fig. 5 is a graph showi ng the dinensional difference (in
nm) after heating as a function of data points which are derived from

. measured inter-fiducial distances between the various fiducial marks
shown in Fig. 4 of an uncoated copper foil backing. Fig. 6 is a graph
showi ng the di mensional difference 14§t ESSFIPAON heating as a 30

function of datagpoi at.S, wWhisch: . ar f ' = fol i
di st ances of th?lg'\?ia?i%‘d)s,m#tﬂglggiogfi%%ér gﬂ)srﬁ%ﬁmﬁﬁﬁgﬁgﬁ%bg%gém%g 9§r'erﬂlthe
coat ed coppsscdsedépibied n Fig. 1; Mefal oiNDYis2nOuniifohl Roiap8 851821 and conducted
PCTI USD2/ 10019, Det aj, | ed Description Fig. | ,is gn iIIListratiqn of a

process foPVé 'eﬁgo{l Hé pasf&efﬁ@ﬁwapomel? whishrapgHes ¢ufabls comppiibien coating;1ditay
in Fig. 1, ¥cyl IS P4 :

over idler tﬁﬁde{%e%ggfo%e@r usi on{ggoégilggh%%v\ﬁs | cﬁé"g%‘t?f ?’é’s]%(i:l &rS;églr{gm{ fidkes
conposi t i opomtasat with thedpaternedsarfaceité of nesterf rolloi7. M@sterTio 1Gansyehhvieci heat s

t hen conducted over.pip roll 15 so that it makes contact wth the

pat ter ned Stfrangs S GFouied dheretbiauih 3 maunee £ ipeEh s AN hear
exchange f botnoSitibhi dbeye dt b1 G RIPIGHD tdribeFRUR. a8uribieht HrefRf! Bappled! the

curable conposition above, at or bel ow anbient tenperature. Sufficient

pressift e i betaygsininipiralbl Hevdpatternsdpsurfabe rolbl Atedfilbany depressiong i pagterndpl 17
to firll any depressions in rn,16 arr,i ed t he  surfaceg.of roll 17.
The corby ntiT EOSE P Sudeceftt | 7 b8 SamBlikd absrmiblages H ResEe Rttt i on
18 V\/ne_r e erddeatiod élﬁ-irigtdtﬁ{bni B ﬁﬁé}é'éqie%ﬂm faBiagiva s coridattell @ﬁrbpélﬁﬁ%iapﬂoil Bdekiig
a sufficient level to effect curing of the curable conposition in |ayer

t
14. The bRt aguifisiant leyel toceffast ewringoefithe curablecompositionin taygtilbt Te ar ound

i dl |1 . [
er " Ot kAR e i CRRA I AT R RSBS00 |
a mi crsost r steipped dway ffom thegmteard suifact BOsfasterGol1Tuscompositecdrticla@0i s

t hen wound onto, storage roll 21 for future conversion to particular
product s. wﬁécwaa# a palymes fasier With POMiFEGSLIVIStURSH, SURACS s fiﬁﬁcrlgmbﬂyew K

survive theoR{RS:fS Srticle 20 is then wound onto storage roll 21 for future conversion to particular

products.
" The metal foil backing 10 may be any metal foil which will survive the process
20 described above and will permit the passage of e-beam radiation to facilitate curing of
curable composition layer 14 and also provide the needed predictable dimensional stability
in the composite article. The metal from which foil backing 10 is constructed may be
selected from any useful metal including, for example, copper, aluminum, zinc, titanium,
tin, iron, nickel, gold, silvef,< combinations thereof and alloys thereof. Suitable alloys
25 include brass, steel and stainless steel. A preferred metal foil backing is formed of copper.
A preferred commercially available metal foil backing is that available under the trade
designation COPPERBOND™ one (1) ounce foil from Somers Thin Strip, Inc., a division
of Olin Foils, Inc., Waterbury, CT. The COPPERBOND™ 1 ounce copper foil has a
- nominal thickness of 37-38 um and a roughened surface because of its manufacturing

30  process which makes it well suited for use as a backing.



20 descri bed above and will permt the passage of e- bean1rad|fgvgggmﬁ
facilitate curing of curable conposition |ayer 14 and al so he
needed Ry@@Ybpésas € di mensional stability in the conp05|t$ ?ﬁkhghﬁ ¢ The
nmet al fron1mh|ch foil backing 10 is constructed may be ecte r'om any
useful netal including, for exanple, copper, alum num 2|nc titani um

tin, iron, nickel, gold, silver, combinations thereof and aIons t her eof .

Sui tabl e aI | o 25 i.ncl ude brass, steel an i nl.ess_st eel referred
metal foil badbe meetalfor preferd SEerabbr h@&ptbeqkness/s&ﬁr anétrarbé’&lt 6 Fﬁ*r%‘PE!eafFE

avai | abI

desi gnat %&%&%%ﬁéfh 4 Pi5eltl B8 %%g%ﬁéﬁﬁge%d;ﬁﬁéﬁg%wﬁ%hm e,
a divisi pernutxfthédpassag@oﬂ‘ suffic¢ient radMﬁbmtdaplermlt ﬁhngTdfelaﬁﬂQﬁEﬁB@bllﬂTthmsmunce
copper foi t hj.ckpess_of 37-38 nd a rqughened surface

because B’F‘iqs’?@ S]bfgﬁgn tgfr:nﬁg&‘:'er?@ph@at&néc Ushoyld; IEH“’%%@ Z’é""ieb’ervxg?a? SqMfted fo ][ I
T
or ofor abT fcadots mey el a3 te M e T ey i (iEedRD0. o

suf fici emucrsmemngtﬂay@ﬁdumlﬂé e thb byckinewilhpérndk passageatftsuffidGiéntradiatiore teer s

so t hat f‘ germts the passage of sufficient radiation to permt curing
of layer? aeYACFUTHSt hat it is not wundesirably stiff for future

appl i cati ons. B'aEklﬁgQHHﬂ'ns eré?.awfgvcﬁmefeaa%m%%ﬁseﬁ ARRlepeRih O Ba ey
require a stiffer backin |n such cases | cknesses i n excess of

i cr onet eitinateprasucesize wbich i$ fequired by.(tﬂﬂ makesi |'Irhe;haclmng nmslwajelaufow as 2
suff|C|ent radiation to ilitate cu Backi n

deplendl nEFEINEHE %rqlfﬁrrﬁl’?é@ﬁ’ta S'B%V @"hﬁsﬁ gl ﬁtebr?rfﬁ e ' ﬁﬁ%‘%&i‘éuct

si ze whi filvehfior Ry ibeSHt Fo utsésewniah ‘?équEh@]aﬁ@élK"xﬁﬁ'oWarﬁes@ﬁ 433h k@wllas 2
10 centinmeters, or narrower, and be as w de as neter, or nore. The

pr oduct dﬁctrmcdnmmlon may be S|It for uses whi ch require relatively

harrow parts, %?}‘g%t]{a%ﬁ" t%o(gnpfo@ﬁiog glrﬁe(\tglrt%ﬂ' Ce?e]e%%'c?tocc%rt Rla8e uate

conposition a g are L& ain equa

adhesi onadirisivadrtwés the sesultingueed polyipet aﬂﬂeuhea‘aﬂi badléng opon Whithiinkasteen
which it has been_ 15 cured. The adequacy of .adhesion wl| depend, on the

i ntléndedewreds ithy adequapy ot%@ﬁbﬁél@ntve"aiepmd & thedpendehptilityq ébrsccrmgpsam y
L e g e ST Py B B e o of
sur f ace rhgairta higls degreeibfathesiong 'nhe @fﬂE%ERB@ND; ciyser foikbid piréfatred because it
roughe nel(xjas a rough surface due to its manufacturing process. It is believed that this roughened
surface provides a mechanical interlocking with the cured resin. Relatively smooth
20 surfaced metal foil backings may be used if the surface has been pretreated with a primer
or coupling agent, as is well-known in the art, if high degrees of adhesion are required
between the cured polymer and the foil backing. The curable composition may also have
additives which promote adhesion to metal surfaces. Examples of such additives include
complexing agents, coupling agents, and the like. For disclosure of the use of coupling
25 agents, see, for example, "Silane Coupling Agents, 2nd Ed.", by E.P. Plueddemann,
Plenum Press, New York, 1991. Epoxy resins typically adhere better to metals than
acrylate resins and thus are preferred for some applications. Different applications may
require different levels of adhesion under varying environmental challenges of
temperature, humidity, oxidation, etc. It is well within the ability of one skilled in the art
30 to select the particular combination of metal foil, surface preparation, and curable . .

composition for any particular application.
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surface provides a nmechanical interlocking with the cured resin.

Rel atively snooth 20 surfaced nmetal foil backings may be used i75%0¢ 2005
surface has been_gretreated with a primer or coupling agent, as is

wel | - knowVPR2P8E8%rt, if high degrees of adhesion are reqli¢BHS0208 een
the cured polymer and the foil backing. The curabl e conposition may al so
have additi'ves which pronote adhesion to netal surfaces. Exanpl es of
such additives include conplexing agents, coupling agents, and the |ike.
. For di scl osure Ahy bihieablseoatihg teuhplguegnatbeagilired to agsy tlieocurablacpmposition to

o oMb tes0T3" Bl eiomss it ot ol SPA on
racryl ate rgesi: s r £ 0r ' Q0S L ferent
appl i cati o, ARdin olifn B Bl B TR oo e

envi r onmendpplicationl depivgedindfig. 1, shpdd dave e sufficientlythygh viscabityisorthatét c. 1t is

wel | ithin the.gbility .of, kill inth 30 t | ect the.
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(1271198582 PCI/ US02110019 Any suitable ating technique may be utilized
to apply tHATSY¥YNEHRQ-GHEGTRIGovistanetpr oingeertially availablesiomdiroekfieldt i ng

t echni i ncl ude .kni f i t] LI S '
cur tai o oERE ST SanoTatey i stopRon; M) e 4 o & FndlB pBiseiat 3RO At at e
appl i.cat i agmpeRnat 88209C. Firie cukrablé Beiiﬂpasiﬂaﬂ fha¥ belHehiedite Webréadel iBshviscosiPand Y

so that it 5 substantjally retains its initial coated thickness wthout
fl owmlBg. Geaid inghe epasingiproenss. vi scosities on the order of 1000 cps to

0 2 B R TR L A byl Byl

vi sconmeter (co ngi neering

Labor at or itebe ehiboy@idtifi, théMirfacsioftayRr N, SGclsmiastet Ik at@kmsiviain theArtrapd at
a tenpera}lure of 20C. The curabl e conposition nay be heated to qgcirease
i ts viscodheymayde piepares by anyi of sexerabwallkagwp terhpigues kpewnia those sidlled mys

a pattern r Whi ' ' r e ' | :
ebossed e Sty g @RAEARLEEN P hOmURLAY B (B Reflfel HiardlINAM L fenbiBul®, |
art ahnd tfheprovidingthegratipaed dulfaceanfithe mastey eolkincludé,| fok example cahiemicplies

R L, A5, b b 5ol SRR DRSPS o 0
Gt chi ng.  rocpagRoRlitholfaih befeolitioprighy, HiGembSinRy R g COPRLERLe
reacti ve icufting knurling or acid enhanced knurling), scoring or cutting, and the like. For disclosure
of precision forming operations, see, for example, "Nanotechnology”, N. Taniguchi, Ed.,
20 Oxford University Press, Oxford, 1996, and references noted therein.

The patterned surface of the master roll is characterized by including distal surface
portions which will make depressed surface portions in layer 14 and depressed surface
portions which will be reproduced as distal surface portions in layer 14. The distal surface
portions will typically be adjégéﬁt depressed surface portions and will preferably be

25 separated distally for certain applications by at least 0.05 mm.

The various topographical features in the pattern on the master roll are
characterized by being precisely shaped and precisely located from one another. That is,
they are shaped according to a detailed prearranged plan and similarly located according to
the same plan on the surface of the master roll.

30 The radiation source 18 preferably is a device which emits electron beam (e-beam)

radiation at a level which is sufficient to cure the curable composition layer 14 contained
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etching, photolithography, stereolithography, m cromachining, ggqung
(for exanple, «cutting knurling or acid enhanced knurling), scOring or

cuttingyw@shedsds, | i ke. For disclosure of precision fornm pgrRRELRbiPNS,
see, for exanple, "Nanotechnol ogy”, N. Taniguchi, Ed., 20 %d ord

Uni versity Press, Oxford, 1996, and references noted therein. The.
patterned surface of the nmaster roll is characterized by including distal
surface partions which will mnmake depressed surface portions in |layer 14

and depresfeitbagkinet® Assitabledevignfertthisipurpase iy st snldsederdie tipde ol
surface BaRidsABR FLBCTY uHﬂﬂmﬁ&ﬁng«gﬁ&f%@#Vimixﬁc&mﬂgfcﬁdlﬁz{@agﬁedlg gotp! cal ly

be adj acen epresse ace por prefera

separ at déinetigyg Salehyesf fric.,cCWobaim) M The atieansraliiatioh sbe@s s $had&d sufficiehdy
vari ous topographjcal featyres jn the pattern on the master roll_ are
char act eqlpaee%lw legilﬁgtog?%ﬁﬁagfe# qgﬂaﬁeansﬁgthﬁr@e}@éitvn|qs’daa)teéag-f TaRicaihe
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manuf acturer. The curable conposition of |ayer 14 is conprised of a
bi nder peapeblesdbeingpolymerizedinbexpostreie radiatiam engrayyinclude aciylate &mstigyal

Cact 1 i et ol Fbingd Ao GiRie” by ebftally Shastlled el

urces nergy ’my
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source 10 shquld be selected to provide a sufficient energy source to
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master, will form a three-dimensional microstructure of precisely shaped and located

20 functional discontinuities having original dimensions. That is, when a set of separated
fiducial marks is introduced from the master into the surface of a segment of the cured
polymer on a metal foil backing, the marks will have an original spacing from one another.
Afier heating the segment of the marked cured polymer borne on the metal foil backing to
a high temperature, e.g., 150°C., for a designated period of time, e.g., one (1) hour, and .

25 cooling the segment to ambient conditions one typically sees with a specific set of foil
backing and curable composition a shrinkage of the polymer coating. This results ina
reduction in the distance between the reference fiducial and designated fiducials on the
sample segment. This is thought to result from relaxation of stresses in the polymer and/or
evolution of volatile residual materials contained in the cured polymer. The net result is a

30 known or predictable shrinkage in dimensions of the polymer structure. Such a shrinkage

will typically vary, depending upon the particular polymer and the additive materials
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15 derivatives having at |east one pendant acrylate group, isocyanat
derivatives having at |east one pendant acrylate group, Vinyl Ne¥ §Q05
epoxy resi _conbi nations thereof. The term"acrylate" jncludes
acryl ates \gﬁﬂ%ﬁg’i’gﬁcryl ates. It should be noted that many cﬂ#@%ﬁ%ﬁ”’“”
conpositions, once cured in contact with a naster, wll forma
t hr ee-di nensi onal mcrostructure of precisely shaped and | ocated 20
functional discontinuities having original dinensions. That is, when a
. set of sepaomaimed if thidlourable oampssiion foriningckhe pdlyimednAs hsednieeseiay thenérm t he
surface of a s,e(t:; nt..of the cured .polyner on a netal foil b?lﬁlé%«{] ,, the
i

marks wi | | "Pregictable’ slimgnsianal spkeli SHFG Hutake ditA @pcounhychys cRlsE
-segment  of : : : id 3 afan a
i on enpet e B i dsif hdk BRI bR eI AN in IR P ol fher 2

(1) hour, aficrthe elnyéteidmgam'ﬂga Tlagyreven if somerbliirenkiage takes place in thesastynolyueerl y
1th g. I fi t .of foil . backj d bl e . It

Shri nkhge SImEmPnSothy TEIteRLcRpsity prdutels dengmathd as Dot pledibly n (e

di stance b@im&Ribriall§ sfablctifithe ShiiiGod ma3dsitieseé eo1ap&datet dUChPATprofridiere

sanpl e segnent. This is thought to resulf fromrel axation of stresses in
t he pol yneincgemétoin thedihensions of the/topagraphy oftbe dnaster niVith othles chiicesof feill i n

i mensi BAES a4 g ShmpoSHiph i Bey Sschedttehle Refinisn cpreficlpl aREG

vary, depe m&g% tHO 9dné BLdiBRFdnt ¢t Hifferéif? [dEBiond Nk, | &18saeh had BowRivdbl Aiso
-12 2 5 NOV 2005 5 WD 02/1198582 PCTI US02/ 10019 contai ned in the curable

conpok? t i oMvithin tersgopenef thislipvantion/ase trademichpagas, thatiaee leas than'199 #airst abl e
di mensi onal, Gl 3Bk ik{hhiT6d P#ﬁpg&fimtogt Vﬁr@fé&b"le)pfegs ﬁa%ﬁ%g ppuch shrinkage
because the naster i's eastTy’ made oversized to pro e predictable

di mensi ons in tPeefeded cixablersempositions comprisl emintad dfaataliphaticlirethaneven i f
sonme shrinkage takes place i | mensj on the resultant

conposi te BFHEelizamersyely anthet 2%1_%35?%@33 gdrad gsqlgnat'a'n FQTMMER, 6010
nor cases (RViice OIGCIIRRaRigMR e T300) of FAOTONRARER! G thavhiz £ ihoRGitap Welsht B
choi cés of 14@0)lobtdinekfrog Goghis; Wrmbles; RY¥owjth $int ioo more aerylate moeemprseslichtaabl e
oo o RS SRS n el sSSP e el fobicn
thi s i nvengrotgsadra 6-pekimetiol anagRatk dfin@idhal ASRombARavita RitRculd? WRigt P! ¥
| ess than 60 ppm and nost preférably |ess than 50 ppm
226 available under the trade designation SR 238 from Sartomer Company, Exton, PA. A
preferred mixture is a blend of PHOTOMER 6010 oligomer and SR 285 monomer in an
20 80:20 weight ratio. An additional preferred mixture is a blend of PHOTOMER 6210
oligomer and SR 238 monomer in an 80:20 weight ratio.
Electron beam radiation, which is also known as ionizing radiation, can be used at
a dosage of about 1 to 200 kGy, preferably at a dosage of about 10 to 120 kGy. Actinic
radiation refers to ultraviolet or visible radiation. Ultraviolet radiation refers to non-
25 particulate radiation having a wavelength within the range of about 200 to 400
nanometers, preferably within the range of about of 250 to 400 nanometers. One preferred
source of ultraviolet radiation is provided by ultraviolet lamps operating in a range of
about 100 to 300 watts/inch (2.5 cm) of bulb length. Visible radiation refers to non-
- particulate radiation having a wavelength within the range of about 400 to about 800
30 nanometers, preferably within the range of about 400 to about 550 nanometers. When

actinic radiation is used, a photoinitiator is commonly included in the curable oligomeric
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Preferred curable conpositions conprise a mxture of an aliphatic
urethane acrylate oligonmer such as that avail abl e under the 15 RONC 2009
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the rangﬁo u@?r%%t t{ﬁ@?arﬁg %Q,ssg%uﬁ%%oﬁﬁ 3 é*% Gf the nl Cé B 6150eBR Y é’&n‘ﬁ' dhd he

range of nanoneters. rnrc ra lationi1s

used, a b&uknpirasﬂ B8 adtere sufficiennill ty rolmﬁd)mdacbrmutd\e applliabéoethai ccgmngssc -13°
WO 02/ 098582 2 5 NOV 2005 PCT/ US02/ 10019 conposition. Suitable
phot oi ni €9THPERsto4he p@mm@ﬁme emastes $ap 30 Backypsralbifoprefarablyindudes a vi de

supr a) a@glén_ﬁ efpclflibn Ey % er&h?ﬁé 5{ %)Jcﬂgn%{'ﬂﬁlh%o ?ﬂatmtg tﬁm@‘i'é:ag%/r&gp of

curing. I's a sc Ic 1 ion an arternative
maki ng tthe oumblmmrnposxqmmbhlcw acmcabdvngnbmnt hmpierat\mt |’Idre chabge migxterepl oys

urace WY R CPYSH aRcHtR bSO et HisBtagauR byt Has REelpEsc.fgpever to
upver ds Sk B“%ﬁ’é‘*s‘i%}‘%?‘ét”‘ﬂrie“ﬁ%?ég‘““‘éjﬂﬂé“hf‘?a%2%3‘2?“3* " e
fromfoi Wltbumqatmglequmml The cmmblpéd; banking weating amhmesteesnm thegur abl e
conposi té)?p%secis to radlaPBn preferzﬁal itrawo?et racliﬂl gtlon by rg,dlatlon source 39 which
supplies a sufficient level of energy through the master strip to cure the curable
20 composition in layer 36. Thereafter, the assemblage is conducted around idler roll 40
where the master strip 30 is stripped away from the microstructured polymer layer borne
on backing 33 to provide product 41 which is characterized by including a metal foil
backing bearing a microstructured polymer layer, Composite product 41 is then wound on
storage roll 42 for later conversion to future products. .
25 In the method depicted in Fig. 2, the curable composition forming layer 36 is
curable by exposure to e-beam radiation, ultraviolet radiation or visible radiation. The
strip of master tool (also referred to as a production tool) is composed of a material which
will not absorb an appreciable amount of radiation energy or be degraded by radiation
energy. For example, if electron beam energy is used, it is preferred that the production
30 tool not be made from a cellulostic material, because electrons will degrade celluloée. If

ultraviolet radiation or visible radiation is used, the production tool should transmit -
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the coated backing is passed over idler roll 37 and the coated backi nﬂ
and master strip 30, 10 both noving at the sane rate, si rrultaneaﬁsNDy 05

conver ge the ni.p between nip roll 32 and backup roll 3 .
suffici eanw‘f”‘?s& roll contact pressure is applied so thag’c\ﬁlg{o?/ﬁﬂ’.l%
38

conforns to the pattern borne on nmaster strip 30. Backup roll
preferably includes a liquid circulation systemto circulate a heat
exchange fluid to maintain the tenperature of the curable conposition
bel ow, at sificibutwdtravibletnr visibipeadiationerespctivelyr tohringrdboutithe desiredhlgveleof
coated onto the master 30 before it contacts nip roll 32. It is
preferred,cqfﬁwever, to coat substrate 33 to mnimze the possibility of

-damage to mast erhaproductisitiodBiioald KOsiersted atd Vélotibethapitsufficiestto pusidt .
The conbi ned backing, coating and nmaster strip are then exposed to

r adi at i on, degradation by yhesaures,ofordiation dPraduetion teplsitheti heve selaivrly digh3g whi ch

-suppl iees a_sufficient |euel,of. ener . | e
the" cu abi BoEnEEisrBErfRtin oR R T Lal RN b G SPEHEH aElddRel Ao
conduct ed vwdl6uiish. iFtb@ictionltbold Ghat Waey Rldtivelyiast rREistahéd © d¥gradatioh by pired
away fromthe mcrostructured polyner |ayer borne on_ backing 33 to

provi de praswiretofsadiationshaudd be\aperated af relatively highernelomdties. net al f oi |
D e D . _ ; Al i
Phen vaund-on Lk iolaRa 486} i Rithe B deiRle, o T MRYRIs BEE LBt R | ©

25 I'n the ¢oatihosusdhpétcsrareb, @ chating 11, bhesleeveahbented opasiohiimgrdlor m ng
| ayer. 36 is curable by exposure o a-beamradiation, ult ravitgl et

b
radi 8% on or vi Speosusfacs of the aductiva toalithatviljrcomesinta contant withy the cpmbley ¢ e g

to ag a pr Eﬁlﬁﬁlel ' e L.a ' | hsor b
an apprecil?at1 e gﬁgﬁtrt\%m(#aﬂrhgéﬁ g’tqﬁgrr?li %ngyéﬁn%@@é’bdg‘gggé@}r ﬂ}yyrdgéﬁg%h{%r)\
ener gy. Fodimensiopdlenicrdstratimed ofpretieeyrskaped dyndtonakdiscontinuities ji teguotyaler
that the production 30 tool n be nad roma cel] ul i C terial
booause. e BETIOHRE Hhe iseres BEthe oG aT£hé Samcs eitach b Brafelon Bl ofhe
visible ra:%ﬁﬁiﬁga&e?n 55 81 palyiferNa R Uil iRdlud O @épredifins Anll daddl Poktionsdas? S
NOv 2005 WO 027098582 PCT/ US02/ 10019 sufficient ultraviolet or visible
radi d6i on,explaipedabove| Fhistroaypinchigesbyities whichdee shaped te reseivefpartiamlas. The

production_togl shoul d,be er.ated at _a velocit at.ds sufficient to
vord” degrrtlemenaly g LR See br MmptitndRe abliia oln s5oBuEMis  have
rel ati vel ymbdtahical drffigtinenitaSvitipthédedtas bf e sayfatéef the pohanétilayerdTaki on
can be operated at relatively |lower velocities. Production tools that

have r el atsuvfapgcandnclude cavitintwhich mrydhergatangulan girewlar, semicircular, triangular,
square, hexagonal, etc. The walls of the cavities may be vertical or tapered and the base
20 portions of the cavities may be hemispherical, conical or flat. The base and the wall
portions may be modified to be other than smooth, for example, to include appendages
and/or recesses. The distal portions of the surface may be flat with the depressed portions
being cavities in a flat surface or thie distal portions may have a defined shape such as
hemispherical, conical, truncated conical, trapezoidal, pyramidal truncated, pyramidal and
25 the like, depending on the ultimate desired utility. .
A further utility of the composite article of the present invention is depicted in Fig.
3. Fig. 3 depicts a gyricon or twisting-ball display, as disclosed in US Patent No.
5,754,332 (Crowley). The display includes bichromal balls 63 which are each deployed in
~ a cavity or well 66 formed in a polymer substrate 68 which has a flat upper surface 65 and
30 is borne on a metal foil backing 67. Bichromal balls have a light side and a dark side, as

shown in Fig. 3. Substrate 68 is swelled by a dielectric fluid contained in cavities 66 in
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source of radiation should be operated at relatively higher velocities.
The production tool can be in the formof a belt, e.g., an erit ¥8% 20881 t ,
a sheet, nuous sheet or web, a coating roll, or aPEJ nt ed
on a coavtvlanéﬁggﬁ. 10 The surface of the production tool t ﬁﬁ‘%{\? (bzlorre
into contact wwth the curable m xture has a topography or pattern, as
expl ai ned above. The topography of the three- dinensional mcrostructure
of precisely shaped functional discontinuities in the p | ayer will

have t he Whidlethedalls areneqrtxrotatey The balls are glegtricaliydipnler l@ftxﬁ REES@ICE Pl dhe on
tool . They,§gstld érg%upﬁg f%rrBtaluBn tuggn %&l}légﬁpn o@ﬁﬁ elethdd ﬁé]%lglis%%?electrode[s 6&

depressi ons” and GECR 2i%&0 %3 eV

cavities amksghreags@usb@peﬂbbmgrpesﬁﬂy&bpaﬁ&mﬁglbar corml enentarily shaped
particles or 1tenms which are capable of formng cooperative mechanjcal

arrangement s viherpreseat invgntienproyides e eayityzhearisg subsrate 0§ inte whighoballsfize
surface ﬂ be’@lph‘& uft"k ‘hig%zyq )lﬁj‘%kr‘éﬂleﬁgih@gggﬁga@gga' ea Q/E{ycﬂﬂn%?lmtoplally

sem Cli I’C

cavi ti es stable dws«aétw eéthinQhe Fﬁﬁ@é aéplaF:dnehh@f tha $allLth mersthMe OFurittieg
cavities may be hem spherical, conjcal or f]lat. The base_and the wall

por t i ons detals BEthiptipeicf grticle may berdawnd inprevioysly imentinned LI Batent No. i ncl ude
appendaggs7 aﬁ? recesses. The distal portions of the surface may be
flat with’ tih épressed portions being cavities in a flat surface or the
distal portions may have a defined siBxampfesch-as hem spheri cal, conical,

truncated conical,, trapezai dal lb%rr ami dal truncated, 3{ dal and 25 the
1| k& dependi rdredRVEHON js fiarther é“ aiaddy the ffpllawingAxammlsrewherein 3l parkrandne
conposi t ot t; depicted in Fig. 3. Fig. 3
depicts e?d;?l}’){l %gﬁa%rb t‘?m%ﬁ‘ﬁg lll 'S Pg)i;@?ﬂegs di scl osed in US Patent No.
5, 754, 332 (Crova ey). The di spl ay |ncI udes bichromal balls 63 which are
each deplg ? a caV|L or well 66 formed in a polyner substrate 68
whi ch ha ce 65 and 30 is borne on a netal foil backing

67. Bi chronal ‘@PFEIQBW 1 Blkices If&@lsa{]&)ﬁ)eg%lkhﬂlﬂga n%%mmzﬁhﬁié!ﬂnés@ ofi g
3. Substrate 68 is swelled by a dielectric fluid confained in cavities 66

in 135 2 33-3umibedinedfrom D988 ThirCSiripShey.,10divisien pEOlin Keilsdincs Waterbirge
to rotatg: The balls are electrically dipolar in the presence of the
fluid an Tso are subject to rotation upon application of an electric

field, as by eiOBPERBONII™ 2Beh&2 foil RSPESHPeY Bl hairg hobREndtRkARS obY

backlng 67. The present invention provides the cavity-bearing substrate
68 into WAr&humal | s 63

“PHOTOMER™ 6010” is an aliphatic urethane acrylate oligomer having a
20 molecular weight of 1500 obtained from Cognis, Ambler, PA.
“PHOTOMER™ 6210” is an aliphatic urethane acrylate oligomer having a
molecular weight of 1400 obtained from Cognis, Ambler, PA, |

' “SR 285” is tetrahydrofurfuryl acrylate, a monofunctional monomer having a
molecular weight of 156 available under the trade designation SR 285 from Sartomer
25 Company, Exton, PA.
“SR 238” is 1,6-hexanediol diacrylate, a difunctional monomer having a molecular
weight of 226 available under the trade designation SR-238 from Sartomer Company,
Exton, PA.
“Resin A” is a mixture of PHOTOMER 6010 oligomer and SR 285 monomer in an
30  80:20 weight ratio. |
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S wll be deployed. It is highly desirable in this application é) r@ﬂvﬁ%a
~very dinensionally stable substrate to retain the precise depl 3 t*of

the balls in the substrate. Further details of this type of article nay
be found "HOBHEHBusly nentioned US Patent No. 5,754, 332. B&HHR(280019 -

- 10 The invention is further illustrated by the foll ow ng Exanpl es
wherein all '‘parts and percentages are by wei ght unl ess ot herw se

i ndicated. ldentification of ingredients "COPPERBONDTM 1 ounce" foil is a
. copper foil havi“Rgsia BiasamaixturéoERHEOTROMER 424 030ligdthemand SRi 238dmbnamer in an
Soners Thi %q%bri‘g Inc., a division of din Foils, Inc., Waterbury, CT.

" COPPERBONDY 8Hda0¢ 6i | is a copper foil having a nominal thickness
.of 70-74 m "PHOTOVERTM 6010" is an aliphatic urethane acrylate oligomner
having a 20 nol ecul ar wei ght of 1500 obtained from Cognis, Anmbler, PA

" PHOTOVERT | irg i phati c urethane acrylate oligoner having a

111
ol i ght, of {med f Cogni $.. Anbl er . PA "SR 285" |
Lt raityar of ur furt GREPRBONEine i i ok SRS e Srieie B cu o
wei ght of &ﬁﬁab@é@d@&akﬁ?gs%é%egh@néibaa@ 16 aidldsResrdingto th présemr t omer

25 Conpany, Exton, PA. ™ i s 1, 6-hexanediol diacrylate, a
di f unct i on#iventeronEhe testinvolved merkdng eagh of thregttifferenpls munby 2¥) emunder

the trade designation SR-238 fr Sart oner . Exton,. PA. :Resin A
o a mxt bt pReRRb i v Tosaets B ereBRBRR M e e e 195 RER0,
wei ght 1 at 60 mtn Fecldy12ROBNR Hi3/cORRP SLhBGEAMHER2HIARIRamBRS indefer i S a

m xture of PHOTOVER 6210 ol igoner and SR 238 nononer in an, 80:20 weight

rat i ol0 Evaf@nloying »$0karar legd of thedymomtird dnrtestieg\bardness e Fio fphpws the ~was
(2L L0, REMEGT s e DO it
marks are noted as 1, 2, 4 and 5, respectively. The diamond indenter was that available
ﬁnder the trade designation MICRO HARDNESS TESTER from Shimadzu, Kyoto, Japan.
The position of each mark on each foil segment was then measured employing a precision
15 measuring device with a nominal horizontal resolution of 1 pm. Then the distance, d,
between each pair of marks on each segment was calculated. There were a total of 10
distances calculated for each foil segment. |
The test segments of copper foil were then heated in an oven at 150°C for 1 hour
after which time they were removed and allowed to equilibrate under ambient room
20 temperature conditions, The same measurements were then repeated to determine if the
heating caused any permanent distortion in the dimensions of the copper foil segments.
Table 1 shows the average of data from the three segments of the
COPPERBOND™ one ounce copper foil. Column 1 is the list of the lines representing
the distances between each set of marks on a segment. The identification of the line
25 between marks 1 and 3 is noted in Table 1 as “1-3”. Columns 2 and 3, respectively, set
forth the average distances between each set of marks, before and after the heat treatment,
of the three segments. The distance numbers are expressed in millimeters. Column 4 lists
the difference between columns 2 and 3, with positive values signifying expansion and

negative values signifying contraction. Finally, column 5 lists the standard deviations in

30 the averaged data of the three foil segments.
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I nvention. The test involved marking each of three di fferent

200 nm segnents of the copper foil in 5 locations, at each corne d in
the centygh 09fosdgl05 nm by 150 mmrectangle |located in the ee g "R’& the
segnment, with a dianond indenter 10 enpl oying a 500 gram

utilized for testing hardness. Fig. 4 shows the |ocations of the marks
with the center mark bei ng noted by nunber 3 Wnile the corner marks are
noted as 1, 2 respectively. The di s.t hat

et | abi e undHrE ahpa 8 S aIGTa) AR P CREIARNTS LA T T hRies due
Shi madz uy, Y fksh tre]ﬁﬂ@ﬁl are ﬁﬂﬁte@ %?&Bbtq:ﬂe %rr@ﬁ%ﬂd ﬂgra%ﬁge ﬁ?s@ﬁc@@bétw%@ﬂ ment
was then nmeasured enpl oyl hg a preci sion nmeastiring device wth a

nomi nal hmrkszoﬂﬁalplotmddrutlppm aod ldwenstr'ﬁf@nlmtm&jand &h(respedtlvelb,et ween each

air of marks on t e Iclated Th re wer tot of 10
1 anccEPEaRR B IIPOTEBE pobGve 100 gitarthananand hetatved Al rbd Grengs pror
f oi |15 wer goldiaried eﬂfo?edthhtnal%e%fﬁﬁl $dta %5&@ {refwell \bi@hih théde!190 pﬂm S&xﬂd‘aﬁ@s

they were renoved and allowed to equ brate under anbient foom 2
t enper at Note dsmthiat therayeraghof gl the dfrtawr eomgractomef enly ﬁqnpm,epbah edpltobably

determ ne. f t he n use | St rt| |nthe

i ronsi oRithgy XBEEmAH SO B 7STE Lo Bfangehoftis dadisBhs ks i iobgrsoitis
dat a fromvtdmae MUsﬁSte&ﬂgmeﬂ%o@JretrEﬁn 9@’&&%%@% AndnipesefinRRagl foil.
Colum 1 is the list of | i nes representing he di stances between
each set emellmtrdamemoaalmt The identification of the line 25 between
mar | and 3 is noted in Table I as "1-3". Colums 2 and 3,

respectively, set forth the average di stances between each set of marks,
before and after the heat treatnent, Tahlethe three segnents. The di stance'
nunbers are pxpressed-in mllineters  Colum ists- the difference
bet ween col upms 2 and Ci_JM_I_h_MEE@_\LaLUﬂs_Si gni fyi ng |expansi on}and
negati ve val ples si gni f yi ngBeforer actli on. Afienal | yj, Awérage 3 |$teiRevt he
st andard dev a(Ealmmlatedn 30 Hbaing/eré\gedHéaﬁmg of |t h€hahgee |f oChangegngnts. 2
5 NOV 2005 WD ORM@AE582 PCTimiep2/ 14019 @hahre 5 shonm)a gr apfimpl

representatipn of_3 he iat q51Me8abl ¢ L 151 CNanges) gy 10 tdm)lheat

pe

L
>4

treatnment ar 3 gou lﬁt75'8ﬂef gorT @':lpg AT a\_/dabgpe S 0 et ween
mar ks. Al so ptotted—are et —Sirat ot t—t+1 P—artxe 1,
respectively r\Ii‘ eee‘fi A ‘3@5 hy;vwﬁlgis‘@' —pgsiE g:g 10 hplb. Cu.m e and
negative 100 2 78dar | ds_ M3 Bt hat 02e 01yae 5

points are We_L_L__@[ the§’§ 8780 ppm bA3kF3ri e be so %40 the
average of ajl tﬁe4dat a i 5183.098nt r 4ct | kBTG onlly .09 whi &PAls pjobabl y

2-5 107.804 107.802 -0.002 0.001
3-4 93.228 93.229 0.001 0.002
3-5 91.101 91.099 -0.001 0.001
4-5 150.426 150.431 0.005 0.003

Examples 1-3
Examples 1-3 were prepared by utilizing the curing technique (but not the '

15 | equipment) depicted in Fig. 1 with curable compositions identified in Table 2. The
coating was applied by utilizing a conventional knife coater which was gapped to provide
a nominal 75 pm coating thickness. The coating was applied as a hand spread between the
COPPERBOND one ounce copper foil backing and the master tool which was a flat plate
rather than an embossing roll of the tybe depicted in Fig. 1. This assembly was taped to a

20 polyester film which served as carrier to move the assembly under the electron beam
source with exposure through the copper foil backing. Curing was accomplished By~

utilizing an electron beam energy source available under the trade designation
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wi thin experinmental error of zero (i.e., no change). This data i&om zdaﬁt
" the copper foil is a viable substrate on which to cure resin a

thereby a conposite filmw th excellent dinmensional stability. 10 Table 1
Aver age CXYQ /418582 Before After Average Std Dev Di st anceHedtGHYSAE4 P ng
Change Change (mm) (nmm) (mm) (nm 1-2151.768151. 767-0. 0010. 001

1-391. 75891.'757- 0. 0010. 002 1-4105.584105. 580- 0. 0050. 002

1-5182. 783182. 781- 0. 0020. 001 2-393. 87393. 8730. 0000. 002

+ 2-4187. 07 SERECIFOCURIAIIY fPorb Ehérgy(Btidices GRe. OVOBRA, DDA with the web moving at

3-493. 22893. 229Q. 0010. 002 .3-591. 10191, 099- 0.,001Q. Q01 . .

2 5150 42645862800 086, @6?“5%‘8%&’%8‘1 %00%1?%«57?%@% gﬁsegnmg%%wpém?j
Uti 1 zi ng The deifli oTSadiembiteios] s d&P?oﬁhhﬁ‘ TabR 'ﬁﬂweaewafﬁxgﬁ,nbﬂ@d THe
Fig. 1 with curable conpositions identified in Table 2. The 'coating was

appl i ed byfidelityi d‘thgre@hcmtrmmﬂth@qwtmg mdsenmmtedrwwlmrc@tmbngapw@epownth

Rand Spr e PO BBsfer ETAoI B e atiioy Rore G eR s PR E" P

mast er t 00fo etk BStrambht3! T\msaﬁ,%z. Rephcatxon parameters dre also set forth in Table

2,
Table 2
' Ex. Master Mold Replica
No. Master Tool Resin Parameters Parameters .

1 90° vee grooves B Pitch (um) 50 { Pitch (um) '- 50

50 um pitch Depth (um) 24 | Depth (um) 22

2 90° vee grooves B Pitch (um) 353 | Pitch (um) 354

300 pum pitch Depth (um) 175 | Depth (um) 171

3 Square array of A Pitch (um) 770 | Pitch (um) 770
round posts Base width (pm) | 170 | Base width (um) | 163

Top width (um) 136 | Top width (um) | 146

Height (um) 132 | Height (um) 131

10 Examples 1 and 2 show that features with precise slopes and pitch can be replicated.
Example 3 shows that features with relatively high aspect ratio (height to diameter) and
wide separation can be replicated. Any changes in dimensions related to resin shrinkage

during cure can be compensated for in the original master.

15 ' Example 4
A strip approximately. 200 x 125 mm of 2 ounce COPPERBOND™ copper foil

was marked on its shiny side with indents (fiducials) as in the description of Evaluation of
Backing set forth above to provide a master tool. Marking was accomplished by utilizing
a diamond indenter with a 1000 gram load to make one indent in the center of the strip

20 with an array of 4 indents arranged in a square approximately 105 mm on a side around
the center. The indents were reference points. Three pieces of the 1 ounce '
COPPERBONDT™ copper foil, each approximately 200 x 125 mm were then used as
substrates to replicate the indents on the master. This was accomplished as in Examples 1-

3 by coating each 1 ounce COPPERBOND™ copper foil with a nominal thickness of 75
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rat her than an enbossing roll of the type depicted in Fig. 1. ﬂ'glNgV 2005
assenbly was taped to a 20 polyester filmwhich served as carrrer to nove

the assepdbyio %E er the el ectron beam source with exposurgd s QH?JBIJ he
copper f0|I backi ng. Curing was acconplished by, wutilizing an electro
beam energy source avail abl e under the trade designation -18 2 5 NOV 2005
WO 02/ 098582 PCT/ US02/ 10019 ELECTROCURTAI NTM from Energy Sci ences, Inc.

Woburn, MA with th% web noying at , a rate of 0 sec. and an .exposure
of 300 kicremeieraot Resp B, H"%P’Png Pg%@%r‘ihf‘at‘%b @ra iating th%ﬁ%ﬁqﬂgdﬂﬁeea%ﬁ‘

nast er tﬁﬁpnérsa?\k@é)?&%hlpil%édh B afids1-3 thd s e é@h IE@"?\ $otitdns PE

fidelity of replication o ecoatlng an opti cal
m cr oscothe replivated fiBuaals (ndv ngramlds) weraireadried unmgthetxheasurmgideviesl gnation

WYKO | as rface filonmeter om Vee runent.s, Tuc n, .

Repl i cat 6%‘?“5 ﬁ@(@ e ?Ss\sefgéﬁewleﬁaﬁsf( 4tr%5?a‘§|ﬁér ong hOPé’b‘foé’ B@ﬁﬁwer

dRepl | &ﬁili\i@né\@xﬁf FeEneIElREcBe?h@E’ n@e&ﬁ@'e%ﬂﬁ?%sﬁwa%%e%%@d GhPMESERITIst ch
t 24Dept h

(prT)50Plt (pm 50 pm pi't chDep vee
gr ooves BE!rettepo(ted BEBatile 3h Copmu $4s Belispof thetlinkOegpréseqting thesimdes (pm) 171

3S Pi t 770Pi tch 77 d dth
(o 170BBER e GR 1 A SR S ISSTBE ARG iy DadverbiTEpes 1
(pm 132"'&1’1(9@'% fl@t@]lﬁ%f{‘aﬂl@ lEdﬁa‘rIDj’eSCdluﬁ\HSIZ%na ho‘r‘\ésbgéﬂveff%%ﬁﬁ tNd Nbrﬁeec' se

sl opes and pitch can be replicated anpl e shows that features with
rel ati veﬂgﬁtampghbetmmeacﬂmet of (nhEkSQbﬂfoteoandl afmetl@rl)eaatrdatmmti@fﬂméamt i on

d k
dur19g cfekmeilhThe ARt BunBers s STRERRL o PRISEHFE GoRapt S il 01 2% A
strip apﬂrﬂvféﬁ&tWe&D&bldmﬂii aRABOHitR pRsiFive vEIBE HERENAE WP ARRAT arfdo! | ‘

negative values signifying contraction. Finally, column 5 lists the standard deviations in

the averaged data of the three resin-coated copper foil segments.

15 Table 3
Average

Before After Average Std Dev

Calculated Heating Heating Change Change
Distance (mm) (mm) (mm) (mm)
1-2 104.514 104.515 0.001 0.002
1-3 74.237 74.232 -0.005 0.005
1-4 105.389 105.383 -0.006 0.007
1-5 145.552 145.543 -0.009 0.004
2-3 77.928 77.927 -0.001 0.004
2-4 150,135 150.130 -0.005 0.006
2-5 105.238 105.232 -0.006 0.003

3-4 72.216 72.212 -0.004 0.002 '

3-5 71.393 71.390 -0.004 0.001
4-5 103.068 103.060 -0.008 0.009

Figure 6 shows a graphical representation of the data in Table 3. The changes due to the
heat treatment are plotted against the corresponding average distances between marks.

20 Also plotted are lower and upper straight lines, respectively, representing the hypothetical
negative 100 ppm change boundary 81 and positive 100 ppm change boundary 82. ~Note

that all the actual data points are well within these 100 ppm boundaries.
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was nmarked on its shiny side with indents (fiducials) as in the
description of Evaluation of Backing set forth above to provi ?% VTR er
tool. Marking was acconplished by utilizing a dianond indentef " wth a
1000 gr anMOo@d98¥2nake one indent in the center of the strPETASOUINK an
array of 4 indents arranged in a square approximately 105 nmon a side
around the center. The indents were reference points. Three pieces of
the 1 ounce COPPERBONDTM copper foil, each approxi mately 200 x 125 nm

., were then used as substrates to replicate the indents on the naster.
This was acconplished as in Exanples 1 3 by coating each 1 ounce
COPPERBONDTM copper foil with a nonm nEkamplecdkness of 75 -19 2 5 NOV 2005

~-WD 02/098582 PCJ/ USQ2/ 1001 1 cronet er.s of Resin,B, nippi ng agai nst. t he
master and i 1r 25D A SRR T PHB SRSt MG Tt dqurce

acconpl i s eOPPERBOND goppes fdilbauiiE dndncOPBefice COPPERBONIYS EdgspRfaif |
.the replicated fiducials (now pyramds) were recorded, using the measuring

ge\(i cé dﬁ@@ldngemv&ts@aféngwe anpsd between she fodlrendaatCmicgemetso polyethylane
1 . i >
Chree samrieontalEhEs bad seaRiibdse His BiRpdct SRR GRsod i il b A, P

Col um | ivackidg tblefekctroh bedif rddidtish detipeRAQPBOOEV! FheGesilltdfiQfied coRtiigy@Rie
each set of marks on a segnment. The identification of the |ine between

marks 1 daek fee.sTheresulting cyatings were analyzed for unneagied agyligbomls by utilizing an

netore. andip raFinebohet MR TRERFaid| AP B O MRS ARGIMPA CRbuMBG L
di st @ace rﬂ:urbéiisolafhsfmeﬁSS@ﬂ., Miadizdn| Wiewieh SMUDH‘DB'GUNCIE_SHATRhﬁtachment
cql umms i ve val yes si

gl(:);ﬁg " on aRgEbleSem Bﬁ_ectr@aw@?'gi, Shelkon, o T snees SrEIOR ERBIIRSY WA 5
reai n- coat o aanSr {ren s thidn o PEARS RS sGl Do Br iR of
Aft er AvenmgeactidchcDdic inds.abetdsttesults showed that even at 215 kGy dose (the highest
obtainable dose with the electron beam source being used) the level of cure through the 2
15 ounce COPPERBOND™ copper foil was not as high as through the 1 ounce
COPPERBOND™ copper foil with an e-beam dose of only 100 kGy. This establishes that
the preferred copper foil backing should be on the order of about 50 pm or less for an e-

beam accelerating voltage of 300 kV.

20 Example 6 .
A master pattern was prepared by laser ablation in a 75 pm thick polyimide film

available under the trade designation KAPTON polyimide film from DuPont in

Wilmington, DE. The pattern consisted of rows of oval wells arranged offset by half pitch

in the length direction. This-ﬁé&em is useful for receiving conductive spheroids for later
25 incorporation into z-axis conductive adhesives, as disclosed in WO 20/00563A. This

master was replicated into nickel by electroforming. The resulting metal master had oval

posts with the measurements shown in Table 4 below. These measurements were obtained

by using an optical microscope with a measuring stage. This metal master was replicated

- as in Example 1-3, using Resin A. The resulting resin/copper composite article had a

30 pattern of wells in its surface, whose measurements are shown in Table 4. It should be
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Example 7
A segment of the article of Example 3 was treated in a dry etcher through a simple

shadow mask (an aluminum plate with a 4 x 24 mm slot milled in it) until the bottoms of
the wells had reached the underlying copper foil in a strip of about 5 x 30 wells. The dry
etcher was that available under the trade designation MICRO RIE SERIES 800 frolm
Technics, Pleasanton, CA operated at 300 watts with an oxygen atmosphere at 300 torr, at
ambient temperature for 14 hours. Copper was vapor coated onto the segment through the
same mask. The copper vapor coater was that available under the trade designation SEC-
600 DUAL PHASE CRYO TORR SYSTEM from CHA Industries, Menlo Park, CA
operated at 1 x 107 torr and at 9.5kV to first plate 0.02 pm titanium and then 1.2 pm
copper. A second segment of the article of Example 3, which had not been etched, was
also vapor coated with copper using the same mask. Neither etching nor vapor coating
conditions were optimized. For the segment treated with both etching and vapor coating,
the resistance between the resulting vapor coated pad and the copper backing was about 6
ohms, measured by simply pressing ohmmeter probes against the two sides of the
segment. The resistance measured by pressing the probes of the ohmmeter together was
about 6 ohms. For the segment of the article of Example 3 which had been vapor coated

but not etched, the resistance between the vapor coated pad and the copper backing was
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800 t0-820 cmi which was chosen as being the nost sensitive fozvé 0
determ nation of wunreacted acrylic bonds. The test results sho cy y#gqs
even at 26 ok@ssdpse (the highest obtainable dose wth thecelusol/rom beam
source being used) the | evel of cure through the 2 15 ounce COPPERBONDTM
copper foil-was not as high as through the 1 ounce COPPERBONDTM copper
foil with an e-beam dose of only 100 kGy. This establishes that the

preferred i1k Kk I

| ess for g&g&%{}e‘;am aggfélgepgg‘ %g%géﬁtggmgg? R’ggé%% “fg;tﬁgplp&%cgg g} mast er
pattern wisveptiepaTai shyw dlsat theaddrmagdsite artitles ofShig inenitiok cambyumdire film
avai |l abl e under the trade deSII%gj‘BI on T polyi m de film from DuPont

“in Wi n GgRgmct glectrippkcircuits us AenJdpe rows of oval wells arranged
of fset by hal f TojelrBsent fhvehtfod BAGdY g%e;n%%med with fefBi@hbStd selratisef ul for

.receiving conducti've spheroids for S5 incorporation into z-axis
condukt i venﬂnddemmeﬁxerfmf & mﬂl hrsaqnbaremt Wohaey ﬂﬁBﬁBlA th& hitshatmearntysshanges can

replicate |nt nlcke ect r of or,m It|n net al ster

oval ' pos P8 IRt e PRl i ok Aol 6 HoBLPE sPoPRLEE Tvention
measur emenhgs Wae %dlyétcﬁ'tﬁ@ﬁresé?ﬁ’ it@hfon %xﬂ@hbﬂfb‘ ln’iﬂt&! fb'sﬂl‘éﬁﬁ"u%}é% d%scnbed
neasuring st age. is metal master was replicated as in Exanple

usi ng Res hnrem, buheatherdy the stgueterss desooibpd by cherlaoguage ofithé clhimsyaod ﬂleSO
pattern of wells in jts surface, whose neasurenents are shown in Table 4.
It shoul d®f "Q‘egtsl\‘@’ BUCY[S502/ 098582 PCT/ US02/ 10019 noted in Tabl e 4
thatijghe "top width" of the master corresponds to the "bottom w'dth" of
the replica. Table 4 5 All neasurenents in pm Metal Ebeam Master Cured
with Replica Postswith Wlls Top w dt h513
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To | engt h1422 Pitch along | ength2727 Pitch al ong w dt h1818 Dept h1011
Bot t om wi dt h135 Bottom | engt h2213 Exanple 7 A segnent of the a2iNIVel0t
Exanple 3 was treated in a dry etcher through a sinple 10 shadow nask
(an alumnumplate with a 4 x 24 mmslot mlled init) until the bottons
of the wells had reached the underlying copper foil .in a strip of about
5 x 30 wells. The dry etcher was that avail able under the trade
designation M CRO RIE SERIES 800 from Technics, Pleasanton, CA operated
at 300 watts with an oxygen atnospg&sadM8 300 torn, at anbient
tenperature for 14 hours. Copper was vapor coated onto the segnent

t hrough the 15 sane nask. The copper vapor coater was that avail able

under the tr@%ﬁiamﬁm%smia@&vimﬁ% Sehl¥ PretiidtidISYSTEM f rom CHA
| ndustries, Menlo Park, operated at 1 x 10.6 to?{ and at 9.5kV to

first pldimengomy sighility, saidimathosdr@mprigng:1. 2 pm copper. A second segnent of
e At urt e Ok JES AR ver Pk EAidIRA cbicREAApSHGTIH) ofESRt 3P0 vaPOT
coated with copper UEing & he  same mask. Nelther et chi ng nor vapor coating
20 condi ti ons wmetal regittion zadmidsive mdtd feibbavking compabeltofia thin dootituoas chi ng
and vapor coatisgg th? esi st ance blaeﬂt%,vxeen t he I‘ESLfJ ting vapor coated pad
and the copper BEtRf MGAMAPIOdEf 1ayer Rayhe anfXRESASHIISS i nply pressi ng
ohmmet er pr obiggoR@aingH misha wita reft@edéurfabebeading Wpattern thgablesti St ance
measured by pressing the probes of the ohmmeter together was K about 6
ohms. For the JBASRE ashreedimensiongl miceostrestuseef aregisglyishaped and ksatgdvapor

coated 25 but -he.. LSk : ated pad and
t he copper bacﬁltrl%ﬁ\g/l\/glts.tﬁ gggﬂlgﬁgés@&gg%g&a&%&%%%%@gg@%@%ggz110019
great er than 1Gkgrestedsurfddei portgineiveludineg cavitieo which\arascraagulig cicovdat ed i n
articles of this .inventi.on. This shows that.the conposite artjcles of
This. i nvent i on CTFBUALLEERln MBS OF HoesaALoty e SR U oLting known
met hods. The priggepof radRYieR tir@ble Rempoaior@rRidasar foaackihg indeef erence to
several 5 enbodinents thereof. It will be apparent to those skilled in

the art that mest{ficionspejaact Peagsure to impart said pattern into said layer wherein said

precisely shaped and located functional discontinuous refers to shapes, capable
of forming cooperative mechanical arrangements with other complementarily
shaped objects, that are made by predeterminably replicating substantially the
inverse configuration borne on a master which has been endowed with original,
non-random, precise functional shapes which are precisely located relative to
each other and this term is intended to exclude shapes that are merely
decorative or randomly textured to provide a frictional surface;

c. while the layer of radiation curable composition is in contact with the patterned
surface of the master, exposing said curable composition to a sufficient level of
radiation through the metal foil backing or the master to cure said composition
to provide a cured polymer which adheres to the metal foil backing; and

d. separating the cured polymer layer on the metal foil backing from the surface of

the master.

2. The method of claim 1 wherein said radiation curable composition is a curable
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be made in the enbodi nents described w thout departing fromthe scope of
the invention. Thus, the scope of the present invention shoul g fngy M8
limted to the structures described herein, but rather by the structures
descri bed by the | anguage of the clainms, and the equivalents of those
structures. 10 25NOV 2005 CLAIMS 1. A nethod of nmaking a conposite
article having large scale predictable dinensional stability, said

nmet hod conprising: a. depositing a |ayer of a radiation curable

conposi t dligonferit compesition. f ace of a netal radiation transm ssive netal

foil backing conprised of a thin continuous sheet of netal to provide a
| ayer havi ng an exposed surface; b. contacting a master with a preforned
surface pearifg fetdd bECRRAPARE @ \Hereih FRET fuch LoRtabi i 865t bREPsHiON 8t

m crostructure of precisely shaped and | ocated functional

di scont i teipolyoerilayet sl mecledesa distad qurfage popinnt distaky spagedidf kastrft.05 mepr essed
surface F}Orﬁtain%?%cénrtlﬁle ljrggsggsuc%%\éieé&%&Mi ch are rectangular, circular,
semicircutar: anglﬁ ar,  squar e or ‘hexagonal into the exposed surface of
the layer of radiation curable conposition on said netal foil backing

under sufficient contact pressure to inpart. saj attern i.nto said | ayer
wher ei n &ai d T Befheg of ‘%ﬂgﬁebga‘ﬁ'éfr?lﬁéétdeﬁeﬁah%?}{ bafline a?rge%%%ian@sﬁg
refers tQ &RARRGm tl’ﬁ?@ﬁﬁ’ﬁ €ons%ftin£ 8F Bdgper, GRARRLAL ZiME (RAERANISaton2 hicRAIgement s
with other conplenentarily shaped objects, that are nade by

pr edet er galdastlier, eambinations thgreofibud alloys tetepft he i nverse configuration
borne on a master which has been endowed with original, non-random

preci se functional shapes which are precisely located relative to each
ot her an$l t hiBhelréthod of dlaitnendedhéreinaxid radistichhiapelsctédhibmaktnioer el y
decorative, or randomMy textured to provide a frictional surface; c. while
t he | ayerdistion,dhgrmal igfiation an beasisdation.on is in contact with the
patterned surface of the master, exposing said curable conposition to a
sufficient level of radiation through the netal foil backing or the
mast er t6& curA cempobitcantpdshavinglarge scabe predidabk dimemsibnabstgbrity whi ch adher es
to the netal.foil backing;, and d. separating the cured polyner |ayer on

t he net af*™I"8bhacki ng from the surface of the master.

a. a metal foil backing having a back surface and an opposite front surface; and

b. a layer of a radiation cured polymer having an exposed front surface bearing a
three-dimensional microstructure of precisely shaped and located functional
discontinuities including distal surface portions and adjacent depressed surface
portions and an opposite surface in adherent contact with the front surface of

said backing.
7. The composite article of claim 6 wherein said metal foil backing comprises a
metal selected from the group consisting of copper, aluminum, zinc, titanium, tin, iron,

nickel, gold, silver, combinations thereof and alloys thereof.

8. The composite article of claims 6 and 7 wherein said radiation cured polymer is a

cured oligomeric resin.
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2. The method of claim1l wherein said radiation curable conposizi%® ;ﬁ a
curable -24 2 5 NOV 2005 oligoneric conposition. 3. The nethod £ Ny %B
1 and 2 wherein after such contact at |east one portion of the polyner

|l ayer will include a distal surface portion distally spaced at |east 0.05
mm from an adj acent depressed surface portion. 4. The nethod of clains
1-3 wherein said netal foil backing conprises a netal selected fromthe
group consi sting of copper, alumnum zinc, titanium tin, iron, nickel,
gol d, sid. ver Theompasie anvink dflchieoé tahdhedeinmail mdieti@oéuredpol¥iner iset hod of
clainms 1-4 erein sajd radiation is select fromactinic radiation,

Cher ol <hib e G oasalecie) B e foup Saist P of segsfiRsa i radiafor. 3Pt vt g

| ar ge seadigidal &l wéaddl eadditiggnsi onal stability conprising: a. a netal

foil backing having a back surface and an opposite front surface; and b.
a layer of a radiation cured polyner having an exposed front surface
bearing 1?. t%@%ﬁrﬁbc?@?t@%h&f@éfc‘ﬂiﬁ& Bﬁﬁ&h&%ﬂigﬁe Rprdibdatréklave GORRED and

| ocated functional™ discontinurties including distal surface portions and
adj acentwhigypare slppdd farrécaiing gdrhol dimgscanpleraentargdp oldiped agiglesace i n adher ent
contact with the front surface of said backing. 7. The conposite article
of claim®6 wherein said netal foil backing conprises a netal selected
fromthe group consisting of copper, alumnum zinc, titanium tin, iron,
ni ckel, gold, silver, conbinations thereof and alloys thereof. 8. The
conposite article of clains 6 and 7 wherein said radiation cured pol yner
is a cured oligoneric resin. -25 2 5 NOV 2005 9. The conposite article
of clains 6 to 8 wherein said radiation cured polyner is cured by

radi ati on selected fromthe group consisting of electron beamradiation,
actinic radiation, and thermal radiation. 10. The conposite article of
clains 6-9 wherein the depressed areas are cavities which are shaped for
recei ving and hol ding conplenmentarily shaped articles.
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