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thermosetting resin layer (6) has an unimpeded thickness that is at least equal to that of the foil layer (S) bonded to it.




WD 96/ 40507 2 PCT/ US96/ 09705 of

PB. It is a board with printed-on conponents as wel | as

poi nt -t o- poi nt connections. * In the folfow ng . description, reference
to PB's is intended to encom pass: PWB' s and: PCB's. 5 A
typical PBis a flat board that holds chips and ' ot her electronic
conponents. TWO9ssesod i s nade of fi- ber gl ass r ei nf or cckUS96/09705
thernosetting resin lamnate. It I nt erconnects conponents via
conductive netal path- ways. The typical resins used in making PB' s

are bro- 10 m nat ed bi sphenol sdimdodErved PEYM' 8SiPSsT i S- mal ei mi de
resins and polyimde resins. THE TESIT IS typrcarty. | npregnated into

a fiberglass fabric and with conpres- sion nolding. The inpregnated

fabrigc (the "prepreg") s | aplated AgEdcatidnisi - Pl Yy Structure,

cont aj ni ng as 15 many as 4 or M?S&Tm-structure provi des a
high fiberglass to r &ii§ rappldcation is nplateshept cORGRAHRI nEERLIEFRTUI t
is aneetchedsCir- ¢iong CUIL. It is made by a photo |maged chemni cal etch
process. A copper foil |amnate is covered with a pho- toresist. U V.
light is shined throughS&rAgdatNee iGR/488,469,4A% °’E’F%‘/cﬁ r dakefat Q- ont o
t he phot oresi st, harden4235) ing the areas that will remain after

et chi ng. The ce s then ed m)ve t he, n ened areas
of the photoresist. eﬁégiedﬁ?hr o‘i&@t’én 4§§| d %’é’f‘?\rw %é’q‘ﬁ Brric
chl oride solution), the4esp<))sed copper I's etched away. The hardened
areas of photoresist ar tr| f Lde tre

applied to '?él co%ﬁer%a achi e ﬁpsr%dgérz Aﬂh%t:%r(l ?%sthg)tc’%)%{t Ilg?/'er of
lami nate or for the top4R3ger, a solder mask layer is 30 applied. A
simlar process Creahehel B ighCheE Al Aldion even abE&TnEi&ftAS On a chip.

In particular, the e ectrlca | am nat es use
Brief Description Of The Invention

A conductive film cdmposite that comprises an elec-

15 trically conductive metal foil adhesive1§ bonded di-
rectly teo a molda_ble, essentially nonconductive thin
thermosetting resin film. The conductive film can be
precisionally debossed on the metal foil surface to
transmit the debossed pattern to the resin film. 1If

20 the debossed pattern comprises the grooves and sockets
suitable for a printed board, then the conductive film

can replicate a printed circuit pattern on curing the

thermosetting resin. The stamped conductive cured
film can be used to create a printed board or a tool
25 for making printed boards. .

Background To The Invention
The term “printed board” (“PB”) is understood to be

a general term for completely processed printéd cir-
cuit or printed wiring configurations. It includes
30 - rigid or flexible boards (organic or ceramié) and sin-
. gle, double, and multilayer printed boards. A
“printed wiring board (‘PWB’)” is a subset of the PB.

It is a board with only printed-on point-to-point con-
nections. A “printed circuit board” is another subset



PB' s conprise thernosetting resin as described i nmedi - ately bel ow,
| npregnated gl ass continuous filanment fi- WO 96/ 40507

PCT/ US96/ 09705 ber ‘or fabric systens which are conbined with copper
foil and pressed in a nulti-daylight press into |am - nat es.

Lam nates have either one or both sides clad w th copper. Resi n
mat r i X-r ei nf Ok seisospy St ens range 5 from noder at el y | nex [ roTaisy&09705

mat eri al s such as pheno- I'i c/ paper a®i nat es. or polyester/glass to
general pur- pose epoxy/ gl ass knovvn as FR-4 to high performance
(expensi ve) systengebaged of biongl gbakdCuithpkifited-on CEMpSERGS &5
polyimde (PlI)/glass.  Mst |an nates are pressed/cured

mul ti - openi ng preseskl as APOi@'a:SQO'POlnt Gﬁé%ﬁ%‘aﬁ‘? nahBf &BFUFB%J%‘Y’I”‘Q

epoxy/ pol yester hyjpdddts tlon,CO&mrén%@ Rt PEB A$ODhtEMHE BPeentbnn.

These different electri | am n pgare di stin- gwshable thermal |y
by conparing t hei rpﬁ‘%%pé@ it & %gg
Tg,[err]C . 5 A typlcathloischPﬂJet board that Bolds chips and

Pol yester/ d ass -.10 125
BT/ 4 ass other el%fgzronic components. Eﬁfgﬂo@:@s‘is made of fi 560

15 Hybri ds dbetdiemss absirforesidn thermpsetting resirdlaminate.ontdtgl ass

d d/ d | )
and, pressedl cured | G LAHIReSldbhddts via cdRdyg! s pacn-

Epoxy/ Pl - gl ass ways. 2(theaypical resinghesek-in veakiingh BRiscRresbEeat ed
onto glass kg a andn %@ngigﬁhégcg Uﬁet%eeg%ﬁ r 6ddins, CHid Ml eiRdHOE ac-

20 celerator relnforced prepreg of
br oni nat ed epoxy ré%#W%a@WyE@HY%Wl%FF chR¥idiSani déhe resin 'is typically

impregnated into a fiberglass fabric and with compres-
sion molding. The impregnated fabric (the “prepreg”)
is laminated into a multi-ply structure, containing as
15 many as 4 or more plies. Such a structure provides a
high fiberglass to resin ratio.
The conventional printed circuit is an etched cir-
cuit. It is made by a photo imaged chemical etch
' process. A copper foil laminate is covered with a pho-
20 toresist. U.V. light is shined through a negative im-
ége of the circuit paths onto the photoresist, harden-
ing the areas that will remain after etching. °~ The
piece is then treated to remove the unhardened areas
o.f the photoresist. When passed throuéh an acid bath
25 (e.g., ferric chloride solution), the exposed copper
is etched away. The hardened arees of photoresist are
stripped off. An oxide treatment is applied to the
copﬁer to achieve proper 'bending to the next layer of
laminate or for the top layer, a solder mask layer is
30 app:'!.ied A similar process creates the microniin.ji.atur-
‘ized c:.rcu:.ts on a chip.
In partlcular, the electrical laminates used in
PB’s comprise thermosett:mg res:.n as described immedi-
'.ately below, impregnated glass continuous f:.lament fi-



(dicy) with an am ne accelerator is "B staged" into dry prepreg

sheets with flow varying from8 to 30% Fl ow values aid in selecting
t he proper press/cure cy- 25 cle in the manufacture of multiply (FR-4)
¢opper cl ad | am nates. Typically these nmultiply prepregs are com
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bi ned wi th copo=es/4bs?l and pressed in a nul tj-opening PCTIUSSSH95 as
hi gh as 1000 psi, 350[err]F and requires 30%o o 60 m nutes for
conplete cure. A schematic of the overal | operation is
illustrated in Fi 4 dr faPric sysSOH® QKEESSar&Stbmbired wWheh mbebe
trimed devel - ops on the sjdes of_the, | te_and re S_i.n

| ani - nat ef‘?/la]rlaéb# |R%8ESed iR ebl‘&‘ﬂats""d@é’gdgg Bress; 5 Ph ami=

| am nates, periodigatds. buiamintespokave esither mldﬂg both sidkaniclatie
|rrperfect|ons and ro h surfaces Af.t er | at es
nust be cl eaned by"‘atigog?mfler' Resip ‘W&aﬂé‘/ FS%BF?E%‘%} sggéﬁem Célngg

operation. 5 from Amodetanehy eipéxpénsios mMmaterials essent aal p&mnq:rl -

ti mate mechani cal 19 ertie n ' ' oy

f Iree | am nat els ¢ rPo%pe;fr éﬁ@?’gaqlggf ggl 8 Q?gegpé’l'}%lésesrrstoargg naergi 1[5{

during the ensui ngpqme)ceysxylgglass knownepas | Eadﬁ ndga ohidghB per meal ly
or inconpl etely (¢ aprlns%.q;eg aake pagsas b oS! By SRR {de M 1diliing0 the

dr|II|ng operati on gni n and “assenb

nul ti-1ayer boardsyBTREsiassf | on Dedydmidsi t(s?IdpfglESs- dMpsE b‘lélmlé’é'l}'éeé

m sal i gnmenggand pé’fé'Pf@sé&l/%‘Hx‘e@ i9f mult:.-o chhg CBEBEB&EQ' PRtduidae
final testing. Mechani cal and el ectrica gfrt i es c&%arl son

of phenol i BPaiITPARY cPBRYFRFERESS FRMY) eE% YRRYRY f
FR-4 as the superig@s p@éqranahat@ua gosbnpoidsiswpegatdbn. basis, the FR-4

board is the redomn nt material fo Wth nor e
pr e- assenbl edIO devi cesPese dgff?’éﬁ??‘ac?é%ﬁ?age\ﬁwttegndaﬁeS|dg1'rﬁtfl1ncant
shift to guishable thermally by comparing their respective Tg's:
: Tge °C.
fhenolic/?aper 90
Polyester/Glass ~100
Epoxy/Glass ~125
BT/Glass 225
Pl/Glass 260
15 - Hybrids of these above resin matrices are coated

onto glass and pressed/cured into laminates with in-
termediate Tg's:

Epoxy/BT-~glass 160-200
Epoxy/PI-glass : 200-260

The FR-4 varnish which is coated oni:o glass is a

complex mixture of epoxy -resins, catalyst, amine ac-

20 celerator and solvents. Glass reinforced prepreg of
brominated epoxy resin catalyzed by glicyandiam'ide

- (dicy) with an amine accelerator is "B staged" into
- . 'dry prepreg sheets with f£low varying from 8 to 30%.
‘ Flow values aid in selecting the proper press/cure cy-
25 cle in the manufacture of multiply (FR-4) copper clad
laminates. Typically these multiply prepregs are com-



mul ti-layer boards, the thermal/nechanical limts of FR-4 are

bei ng exceeded by |engthy thermal excursions 30 caused by newer
assenbly technol ogi es. A significant problem associated with
doubl e-si ded - and nulti-layer boards (MB) is plated through hole
(PTH. The process of formng the copper plated through hole involves
fabricating helcessabdarough each WO 96/ 40507 PCT/US96/09705

. PCT/ US96/ 09705 of the lam nate |ayers, preparing the hole for plat-
ing, sensitizing the hole with el ectrol ess copper and finally

electroplating w QPRA cdber NFvbildesid etessed inhiackmdsd-opent '
have shown that P c%dr:] only csu:%-e - e ~OBEDENSS

; Ir - 5 ilve ife | .es" i
re>e<pan5| on of {:R- g)zpress a%@f%r’@-%bﬂﬁetloxgt Pahé/%‘?ﬁ;aem%oggéﬁésé&égcgﬁ)zny
- orts . . _ . .
50{err] C and 250C BoPRIRGLEE" forXEampibe byufbh A pubehabsc of Etheveen

C ( m smat ch of coefficient of . rmal expansion
("CTE mi smat ch") beverah aReraddesr -"-EOJ-H"‘SW&FQ "'nPlFIEP'éﬁ% - 4 resgl ts in
cracked padsg barrel sgome excdd¥ FesiayElask! emmanisin.be trimmed Hevelpoi nt
i s described by Harper and M| er

, Elec- . ronic P '
M croel ectronics, @8R8 PRt Bhe oRHER2 °‘L' t et}%ﬁnﬁt‘:@t i%élg?arr%,%l%%g]gﬁ I}ﬁnli—
| ?i) , Trl\llewd.Yor ki . NYn?%é vaﬁﬂwﬂh ity. t heanldplabési onsed im Rressing the
e direction [ou t he t.higk - s
feature especiall ylFﬂb’&?‘?%ﬁTt ‘?W%ﬁ%ﬁzi Bl fu S %?’l%grebsoigrﬁc?rl am %g?es
il :\{CF _th]er r2raI expalshimate imperfectione Andxreugh surFAdasghe™EUeF) MaRY he
- sic axis This..kS S Sif el h | st

controls th3°z axi grfﬁsejr'tr‘w%ﬁ’ e%%g%sidg%%%%hg?&e% l%iﬁe'c'iehﬁea QuJf :g]ri C i rjl.yt he
| ani nate control s ghéndingipesunfigning or chemiGal opeFatdPBn. Resins have

eh P GnTer] tErTRla mayimm PUPEISSENSsidiida (biemential Bur uio
timate mechanical propertiesI ag['ls djlrr{]ens%on\{a\qvear}:i]fi't er-
for stress free laminates. If not properly cured,
15 problems are amplified during the ensuing processing
steps leading to a PB. A partially.or incompletely
cured laminate causes resin smear (flow) during the
&rilli‘ng éperation (aligning and assembling laminates
~ into multi-layer boards). Resin flow and deposits on
20 - drill bit cause misalignment and possible rejection of
the completed PB during final testing.
. Mechanical and electrical properties comparison of
phenolic paper and .epoxy/glass (FR-4) clearly identify
FR-4_ -as the_'supe:;ior material. On a cost performance
25 basis, the. FR~4 board is the predbminant material for
PB in the U.S. With more pre-assembled devices
(surface mount devices) and a significant shift to
multi-layer -boards, the thei‘mal/_mechanical limits of
FR-4 are being exceeded by lengt'hy thermal excursions
30 ‘caused by.newer assembly technologies. ' _
_ A signj.fidant problem associatéd with double-sided
. and mult';i-;laye"r board,s.' (MLB) is piatc_e_d. through hole
. (PTH)." - The process .of forming the copper plated
Jth:;&ug'h hbie “involves fabrica'ting” holes through each

“~



reinforced | aminate - nanmely, through the thickness of the

| am nate. Thernal expansion is much higher In the Z axis, since
this expansion is nore con- trolled by the resin in the

Fami nate." 30 There are a nunber of inprovenents with respect to

PB manuf acture that are sought by the industry. One Is in the area
of cost reduw® o6M4os0Mot her relates to : reduction in tRCTUSYSOHS
investment of a production | i ne to produce PB's. Athird

| mprovenent invol ves WO 96/ 40507 6

PCT/ US96/ 0?705 kof tllggt nan&aai;?omagﬁtal, prepheingt bhé hbagudotrhelatrr ent
processes for makin ' ourth j rove nt t

circuit density tﬁag' réﬁﬁ?%’%’sz’f'}%e?hef i DRke e lecstsﬁ?&ess cfg’li:’%g Gy"nlflor
exa_rrplle t he phot gihably nga:lza’aﬂ:repa.htmngcemsﬂs copperl ngol v@@xmw

capi tal equi prent _and, hazar do e Ii,q?ior _is
required, foll oweBg knes%y él%{fhé spoléaﬁ‘;rlgerg &h.‘l ne, &gil by r| nse t hat
generat es cént ani waved “Eewetheaned. cyThes”i d2f @lelévv@épﬁvsj-c’nbffar?%'t@hl ng
[ine that usuallyygenshstipbbs 2gheidue/ent1 i lodctnlks B4 Wipolp sanse

tanks, all of whiC toxi ¢ waste he essence of a
PBis to provide pbetm R20i pppAith-for 2z axis sFRof rlw %IMTR%*— RESes

fromone point to_,an- 1 o ul ff
swi t ches, c5IPER ?’Pa%s?'é‘?o#%? ocgﬁﬁjp O%NCé%%l%n%ngo%P

cl _otsehvm?]p el ect L tﬁakinalaekbaﬁémh (TeEE cuismﬁcﬁ'novbetween ukmg ¢dpprgh one
swtch e ts theg,openipg f I
clusters o %t ransi EFSFﬁiZOPﬁE ?’b#)%l{]oglrces é‘t%‘ 1gm§%g§£%(?gg?%e bui 1 di Ay

bl ocks behi nd anddbk layer ndejiaminatdon.specific conbination of logic
gates make UD a CirCithls point is JdEMPibed” ByP HaSpb¥Phid! Myl & NEFGE-AL €d

circuit.
trxonic Packaging, M:Lcroelectronics, and Interconnec-

tion Dictionary, McGraw-Hill, Inc., New York, NY,
15 1993, in their definition of “Z Axis”:
“ (1) The direction through the thickness of a sub-

strate, a feature especially important for printed
wiring board laminates, since thermal expansion in
the Z axis .is much higher than in the X-Y [sic]
20 axis. This is because the resin in the laminate
controls the Z axis thermal expansion, whereas the
fabric in the laminaf_e controls the X-Y axis ther-
mal expansion. - Resins have much high[er] thermal

" expansions than do fabrics. (2) The direction per-
25 pendicular to the fibers in a woven fiber-
reinforced laminate — namely, through the thickness

of the laminate. Thermal expansion is much higher
in the 2 axis, since this expansion is more con-
trolled by the resin in the laminate.”

30 There are a number of improvements with respect to
PB manufacture that are sought by the industry. One
is in the area of cost reduction. Another ‘relates to
reduction in the capital investment of a production
line to produce PB’s. A third improvement involves



Chi ps are squares or rectangl es that nmeasure approxi-. 25 mately from
1/16th to 5/8th of an inch on a side. They are about 1/30th of an
inch thick, although only the top 1/1000th of an inch holds the
actual circuits. Chi ps contain froma few dozen to several mllion

el ectroni c conponents (transistors, resistors, etc.). 30 The terns chip,
i nt egrat ed ci rweamigdi40sevd i croel ectronic are synonynous. pCTAS968970s €
general ly characterized by their functi on. The chip relies
on single crystal silicon wafers onto which an electrical circuit is

provided. Layers gphe envirdnmdftd?Sproblems that pla ue7 the current
PCT/ US96/ 09705 of these wafers can be used %8a fine the fgnctl

of ~ the chi p. PYPRe2SA 1 £RT makiNeh B Zced A [ OpTtl, Frpraygment

ext endi ng copper a?ﬂe@téﬁeélf&dﬁw déafity thhite requirekr inekslpaekagad
(encapsul ated) wt an epoxy nol di ng 5 conpound such as an epoxy
cresol novol ac resin. The encased chip is adhesively bonded
to the 5PB mnth n@reaﬁampleslahadbhetueimhgingeqndre&chegmocesses

PE o meral ol foui tEOvORTe  SReRiIYeC, cRefrabe piBipmsnsy, o) HadamiublC
limts in t echembéalmiwv fA rehatioresist| coater abs beequikedsc Fioddowed

oY ot 6 Lo Sebfese| 09 Shissuel RIERRRLE Bhffoved by 1 FLfssithaten
bypr oduct of n1n|agenératGSLm¢nt§m¥nat9ﬁ aaPBraMésaeehlgh#§ dgedollpwed
shorter o the g *SEﬁVKE% cii 5??5 o LERYE! Gsuailp cbAsists bE @elgp 5

t here. Geﬂer aturi zati o reater area avai lability for
nore circuitry, thﬁ%chlt%ﬁﬁﬁmﬁﬁinlo to 15ygimseyheRkdnsath e “RdGBI 98Bt he
circuit. The snallgfagd toxidGgsd@onent s making up the transistor, the

faster the transistor switches. __The sane effgct hol-ds true
The essence of a PB is to provide the circuit path-

fith

ways carrying electrical pulses from one point to an-
15 other. The pulses flow through on/off switches,
called transistors, located in éhips, which open or’
close when electrically activated. The current flow-
ing through one switch effects the opening or closing
of another and so on.. Small clusters of transistors
20 form logic gates, which are the building blocks behind
all this magic, and a specific combination of logic

gates make up a circuit.
Today’s chip is typically an integrated circuit.
) Chips are squares or .rectangles that méasure approxi-
25° mately from 1/16th to 5/8th of an inch on a side.
They'are about 1/30th of an inch thick, although only
the top 1/1000th of an inch holds the actual circuits.
Chips contain from a few doien to several million
elegtronic components (transistors, resistors, etc.).
- 30. . The terms chip, integrated circuit and microelectronic
. are synonymous. . Chips are generally characterized by

--their function.

The Chlp relies on single crystal silicon wafers
onto which an electrical circuit is provided. Layers



wWith respect to a PB. Switch tines of transistors are measured in
billionths and trillionths of a second. In fact, a Josephson junction
transi stor has been able 25 to switch in 50 quadrillionths of a second.
Thus a tremendous i npetus exists to reduce the size of chips '
and PB's, and in the case of PB's, to reduce the dis- tance between

I nt er connect eWO96M@sdT ons on t he PB. 7 George D. G eg®@OTais9s/0970s
D nensional Circuits Corp., San 30 Diego, CA, 92126 in a paper

entitled "Fine-line "Grooved Circuitry - A New PB Process for

S:VW, " de- PB%&f 'tﬁh%%fea'%aQEi‘EUtéhtxOBeOfxlsEHSt? rS aé)ﬁiﬁei ﬁhérafhﬂ?;md_ &

pl oyi ng conmon in surface_pount technol g . i cati-on,
which is in part & €8¢Rnmol Bg‘?) gE¥RFRbhetf then pl}(Igc’e‘iV\i'DnQ%/ 38867&&‘“@’

8 334 Surf REEhUR ANy copper ahd WiSkeRatalikoy Nbeads, 912TI#4 and
5,334, 279. [Surfag . mounting,is. a.cirgui d_pa |,Nn I que
in whi ch t HEF3P&ads PBFﬁg?egn(?ﬂ%a%wlﬁg:eghd%ggkpgﬁegggggrgOigfw

sol dered on 8 op ofcompeuhdar suchotag hramigepbgy cyesal Rovolacesd'ECNbbar ds
can be smallel angaafh).! ' eéAca{ﬁngf%hi 1s ddlSsANAlY Bonadd & ep0i re

defines what he cdl an I'pr oved circul geonetry an
manuf act uri ng PB witbcess effoxy mBip adbesivei nhat' gegeires g?%l’('—:e%o or

" dimensional circybly." "Thch%{S?g%?&g UL+ O P CESRadd, e.g EMPbPYSop- hot

st anpi ng approach to_f’orm | circurts. Accor di ng to the
author, mmjor partderdngyhto the PBY3 deatd €ABFHEEIY. * molding is

effected im@ | am naiphadcRE@8ALWBNtechnology is Ye@ichdhy ReBehimi€£din
| am nate materials (e.qg. '

, 15 ) .epoxy-gl ass, polyimde, etc.) jn
prepreg form . terms Of {hey | fipe oSO TINRS | AR BT (RBSS| SCRBMRYA |
* chemcals and stgpayuseiifor theppdscredsing zeiiés of portable i 8lec-
traditional, yet hi %IF]' benchma k-Jﬁ/ec{ FRéé, £1 14 adhesion is
achi eved, as hi gh SOV efpiPpeay will demand even finer 1ines.

It is well recognized that a byproduct of minia-
15 turization of a PB and a chip is speed. The shorter
the distance a pulse travels-, the faster it gets
there. Greater miniaturization allows greater area
évailability for more circuitry, thus allowing for
more functions to be agided to the circuit. The smaller
20 the components making up the transistor, the faster
the transistor switches. The same effect holds true
with respect to a PB. Switch times of transistors are
measured in billionths and trillionths of a second.
In fact, a Josephson junction transisto.r has been able
25 to switch in 50 quadrillionths of a second. "Thus a
tremendous impetus exists to reduce the size of chips
and PB's, and in the case of PB’'s, to reduce the dis-
tance between interconnected functions on the PB.
George D. Gregoire, Dimensional Circuits Corp., San
30 Dieéo, CA, 92126 in _.a paper entitled "“Fine-line
‘Grooved’ Circuitry — A New FB Process for SMT,” de-
scribes an evaluation of his process in making and em-
ploying common PB in surface mount technology (SMT)
application, which is in part the technology described



20 PB's; * the followng traditional PB production steps

are omtted: . production phototooling (film

. dryfilmplating resist 25 . . filmto-PB registration (features
are nol ded i n) . i magi ng . devel opi ng,
and . possibly, solder resist inits enti rety. 30 A smal |
amount of conWOP6HEWR resist is used in a " sel f - | ocatroTgisI6myes

bl aded on, with no registration stepg required. The resist is stated
to be retained, and protected in the grooves, below the surface,

dur - i Ng etigitn@. Patents NY¥) 96/9B44 and 5,334,279. [Surface

PCT/ US96/ 09705 I Iy defi th nce hngl ogy

to users, ng’g‘fé’tf' sty eg t%a’{}‘q’ﬁt gbgér‘r"g#] E’afgﬁaglﬁrofgégi&“g i

sol dering i el ds oirdichg thiendepds c{psns) awe theuchipg. and comjlamT;mt-& exrd hat
roove circuits i el d r nt n oc

groove cl Pidizal! S B Send hoatlf Sl "ehiGE Lr ]

t
feature during ass r'ooves or ners a% oW SMT
IC leads to5 zmtudrlmt boaktly senfbeosmlaler aid sl it | festtenlg fEimur e

pr ovi des yield an({hq!léalalntag_ (259 Mﬁap g Q%;g}_:@r f&'&%s wh t q.}gl {4 ey )

i nprovenents. . The wd nne eep C annel s corrpl etely
wick and fill witHAmpsoved cirgeit MeFagRy AfoFeacyc anpdowaarelaghuring skew

and out - of ploreak t)f erObheaB chatagRiEg W s frdtviia | aach it o
fine-pitch IGCs. o S ni.fi cant de?tlcjljg‘%lcy%]E t he mol di ng steprof 15 .

this process is |t§lﬂ'§€56f’nﬂ|ef‘:ﬁf6§l§”ﬂﬁg T esithe | panufacturisg, Rrecash
whi ch neangd hat lel@lpy8Preedhétiegtatping approhéhNtod frasSdimdesidmlyic to

fEintorcestne epoé&rcults. According to the author, major parts of the
process embrace: ‘

* molding is effected in a laminating press with
ordinary panel-sized laminate materials (e.qg.,

15 epoxy-glass, polyimide, etc.) in prepreg form;

tooling cost, even for low volume, is nominal;

ghemicals and steps used for copper metallization
is traditional, yet high, benchmark-level FR4,
adhesion is achieved, as high as for pre-clad

20 PB’s; ' .

* the following traditional PB productlon steps are
omitted:

-+ production phototooling (£ilm)
« dryfilm plating resist .

25 e film-to-PB registration (features are molded
in) '

» imaging
¢ developing, and
« possibly, solder resist in its entirety.

30 '_-A émall amount of common etch resist is used in a
“self-locating” way, bladed on, with no regiétration
steps reqﬁired. The resist is stated to be retained,
and protected in_the_grboves, below the surface, dur-

" ing etching. . '



resin. The specific ones nmentioned are epoxy-gl ass, and pol yi m de,

w t hout specifying the fiber. In the 20 | atter case, it is assuned that
the fiber is glass fi- ber. That requires the hot stanping into an
unyi el d- ing fiber mass that restricts resin flow and resists

wel | - defi ned debossnent. Moreover, a resin-glass fi- ber prepreg
Creates a ani waige@ps0s substrate creating 25 CTE m smat chemCIvus96/09785
copper |ayer deposited thereon, due tg the surface irregularity of
that material. As poi nted out above, this results in "cracked pads,

bar - rel s and/ ofy | §yfin %H@aéﬂgm,flcahear b¥ itlhdbc&bbﬂﬁology thy
such a substrate is not favored by

Ge
4,912, 844, descri Ué%elfimcﬁFﬂ%JaFF oﬁtates th??o:’r&l |°§Fa§135ﬁ§?§i¥ flig‘?é'o%th a
punch that may be solder:h@’:lt ¢delds | dpAing glfQﬂEeplﬁﬁhi sarifaces monnthieg.

f
raneterred to t hPELBERHER LBRYI FROTYR Savee dhpvicd” il webresso,

10b - 5 ments :|.:PCHHéJS£i\=ﬂIﬂ}9.B&5t1ng feature chwringassembly be-
substrate. The portlons t fﬁﬁe ubstrate
may be renoved by 5 gﬂe gr°°ves gfcﬁHFnP nqgﬁéﬁyor ﬂ%l%gﬁgéogalaser
teghnlt_)ques sot ) autgmathacta]dml yselfe-locateons ’Ri‘fe tsmlﬁ(itd;qca;;nghéegrt@wfas
an e i S t e i st
alternative steps §§€A’%#%%3CFESHB r]""rnldnt%‘gégﬂg}gw(te 9 uch Jégmgér eﬁ'}éfgt ed
in the follow ng tpwle: strength) mpmwe@tg The wide,r %mﬂ?laShaPed
Figure 7 49 ana:' duef Bhannels ﬁ;lpgér@efy &k Ond fiMichier @bilaser
O B

cut Start with a sur- Press nmeta i
der, making automatic allowance for the skew and out-

of-planarity problems that come with high lead count,
fine-pitch ICs. .
A significant defi‘ciehcy of the molding step of

15 this process is its use of thermosetting resins in
prepreg form, which means that the prepreg sheet con-
tains a glass fiber fabric to reinforce the epoxy
resin. The specific ones mentioned are epoxy-glass,
and polyimide, without specifying the fiber. In the

20 latter case, it is assumed that the fiber is glass fi-
ber. That requires the hot stamping into an unyield-
ing fiber. mass that restricts resin flow and resists
well-defined debossment. Moreover, a resin-glass fi-
ber prepreg creates a anisotropic substrate  creating

25 CTE mismatches for any copper layer deposited thereon,
due to the surface irregularity of that material. BAs
peinted out above, this results in “cracked pads, bar."_—

~rels and/or layer delamination,” clearly indicating
_ why such a substrate is not favored by Gregoire.

30 .Parker, -U.S. 4,912,844, describes punching an op-
tionally planar surface with a punch that may be
heated to impart grooves and cavities in the surface. .
The punch may have foil disposed on it so that it is
transferred to the substrate and in the grooves and



flat surface of a the punch to create face of a punch around punch to
punch. rai sed portions. make foil
conformto

rai sed portions of the

punch. Phot o expose an im Heat the punch to an Coat the flat
surface Heatw@ugaseorand f oi | age of1 esired el epetresbelogmoper a-
with a photo-resist to an el evated tem grooves and hol es on’

ture. material in a pattern per at ure. the mask of the

corresponding to tRg.iries iPWHd)-substrate. The portions of the foil dasired
pattern of . chgi)ves intgdhm es
i n the surface of the substrate may kﬁerestm)

Etch the photo ex- cjired$t atEba?HrliQid’éai ldtenaehmﬂegrw:e l&nh:pdréohunqueﬂs san
alternative or

mage of dditi t he
punch without as &HaEdHT‘fYOFB‘F g?gb:.ons of &5 ?g)vg'sq'éln r}togr%s %iélgt t he
substrate. s he pRReOchestsésMRemaiheat Fibaresih§ts abe. the patemeldnﬁ;t;k

terial. Pl ate_t he elched or- LApp uncgh r i;he
phot o- Press foPi L8RP niFePs 10 #yo'“c%gn@ 4 églﬂteyas%%&gce of
t he sub- resi st rrnb.grané Tistteée :Lnsm.h’eatelbtﬁwmmstarbd-tee fill the

hol es and stratg eHS- =6t :
grooves In the nf *-la mfm] — L it in
t he sub- ggp::;,;m:f one m:cpu?\e o;ﬁgea%b FYhde 4 punch around punch to
strate. s (T8 SR frm;s,dpﬁ%ﬁpve the punc b mbke tfdlleordormad) [t 0 an
Renove foil fro punch. fromthe sub q;gg@momém at ed
tenmpera- SUrf pgoes se anim: 1 nch to an | Coat the flat surface I-leat punch and foil
ture. age o !inﬁ r'et gieldldtdd téntPera- | ‘ with a photo-resist | to an elevated tem-
grooves and hol e] bridoves and holes on | ture. rnatenal inapattem perature.
substrate. teignk of e purfch to an  Di s E@% | As an
alternative or Byng spose el ectjri cal b Ve ntaempFr a-° conpongnts
in the as an aﬁdltlongl st el onponen ;'=r¢u- T“r‘;ematu
i ana ve or
holes in the sub Etes:dﬁislam:t;thhg <l£§§n:d mvaor mepunrvvﬁm Qs‘:ban lt nal sten,
strate po S e ‘itve or
. ) gro ves and holes on | heat the substr. ¢photo-resist ma- athdl
Apply an el ectri T | v jt he punch to} rerial\DD| V_an eectrlcallv
as an additional moft;etcb?i‘r:ductﬁwem'e\mal Hzﬁpﬂga‘ﬁé’-of fmfg‘;gaﬂﬂdm’
i n e Mma
conducti ve mater ﬁxtheho ﬁect gaﬁ I a bstrate. He
strate to formt Qroo\ﬁbllﬁ e&ﬁslﬁc Vesfa Em ‘ and holes in the sub-
grooves in the syl he substyhts q ) 8t T
) e pun
strate to establ { g S o] t i :a.t m:{x.as'r Bpers
el ectrical conti bt twel Cal cont i fwhileyetaining foil in
with the electri¢al _ W|t the electri 8!90"9""'“'0'3'" :
conponents. oo SSHPHREH ':;-'. y=—i=re—dunch
Heat the pu to an ispose electrical |
to a elevatedtpe 40V € Eﬁﬁﬁ‘onmﬁcﬁle as an nxﬁlﬁ Eorﬁ T n& Xhe _
fromthe substrafeure. St rjabtes ib thefsgr m t matthesubstrafg-r 0] m!s mamdsunol eq in
t he substrate. ——Dame—dki&geeﬁ -
. Iy an electrically J Apply the punchto a
el ectrical AI m‘ﬁé &ytﬁ:ﬁ ftﬁe material surface of the sub- cC H i
heat the substrate. such as solder to the J strate to form the such as solder to the
. grooves in the sub- grooves and holes in | grooves in the sub-
strate to establish the substrate. - strate to establish
electrical continuity . electrical continuity
with the electrical with the electrical
: components, components.
Apply the punch to a Remove the punch
surface-of the sub- from the substrate,
strate to form the : .
grooves and holes in
Remova the punch . Dispose electrical
from the substrate. - companents in the
- ’ ’ . holes in the sub-
_ . . strate.
Dispose electrical Apply an electrically

components in the : : conductive material




hol es in the sub- strate. Di spose el ectrical

Apply an electricaly conponents in the

conductive materi al _ WO 96/ 40507

PCT/ US96/ 09705 hol es in the sub- such as solder to the
strate. grooves in the sub-

strate to estwOo6/44507 4 el ect PCTAISI&IE»MS Nui ty
with the electrical conponent s. Apply an
electrically conductive materi al such as solder to the .
grooves in the FifEsntheswot T JLE LU ST DT T 5ihoh as solder totha | ' y
with the el ectr | steske. confonent s. groovesAmthashbanf age of the PBH
procedure of U.p. 4,912, 844, i s the| m@“ﬁxuﬁ?nof grooves anj
cavities in the board |t o provi de thwmm,a; &l rguit. This allpws
one to cfeate the surfia porents i

el ectrical res|Aeriwroelectivaly e wir i ng pl acl

‘associ ated wit h| fjipuctamagiale I Note t hat h of the groojes
are preferably phroovedintheatb- great asjthe w dths of nd
since the sol - |stratetoestablishcary fi|l|l the gropves, the wi dhs of the gropves
10 can be midmﬂﬂ"gﬁall while stillfretaining refla- tively
| ow el ectrical |edmpodeassce. |1l a nunber of jn- st dnces, such as| at

colum 4, lines 9-19Ancabuvantdge of the |EBiaxobedurk nEsU98164,912.8443- 19,
the patent util- is the exploitation of grooves and cavities in the
board to provide the printed circuit. This allows one
to create the surface area needed for obtaining low
5 electrical resistance in the wiring placed in the
grooves and assoéiated_ with the cavities. Note that

the depth of the grooves are preferably at least as

great as the widths of the grooves and since the sol-

der can f£fill the grooves, the widths of the grooves

10 can be made guite small while still retaining rela-
tively low electrical resistance. In a number of in-

stances, such as at column 4, lines 9-19, column 5,

lines 4-8, lines 9-16, lines 18-19, the patent util-

- izes heating of the substrate to deform it, using tem-

15 peratures up to the melting. temperature of the sub-
strate. This demonstrates that the subsfrate must be

heated above a glass transition temperature in order

to achieve flow. Ori the other hand, the patent also

states that the PB’s can be made of a ceramic 61: an

20 epoxy-glass material. In addition, the patent states -

. that the substrate may also be made of high tempera-

. ture thermoplastic or thermosetting materials without
' . 'specifying what they may be or their properties. The

. patent is- devoid of details on how the metal foil is

25 . bonded to the thermosetting or thermoplastic sub-

; ' strate, and how one avoids a CTE mismatch,. as charac-

' terized above. For example, a metal- foil will not



I-zes heating of the substrate to deformit, using tem 15 peratures up
to the nelting tenperature of the sub- strate. This denonstrates
that the substrate nust be heat ed above a glass transition
temperature in order to achieve flow On the other hand, the patent
al so states that the PB's can be made of a ceranic or an 20
epoxy- gl ass nawesémolsor | n addition, the patqgt state rt1rasociolrs
substrate may al so be made of high tenpera- ture t her nopl astic or

t hernosetting materials w thout speci fying what they may be or their

properties. The tjightlpab8hd t6 de¥RbsmeplLlaiidl |sunetAaew ekenneEalknkoi |
is 25 bonded to the therm)sett! ng t

her mp tic
strate, and how on8uB§bFate LT melh ﬁ°n§§°€h§+§3a€he fols'l"té"}"l 288°3pove.
For exanple, a rret 8ivéoils wdquited to effect ré@s864BDE0Bonding of the

12 / US96/ 0 t to therrmlastl
substrate even |f ﬁéf g %Zguﬁgﬁm?glﬁsstl%éﬁ%’cf% €ont actt Fﬁg ft0|l
an adhe- 5 sivbei s:elceguu.zed tia eﬂafeecﬂregeaxehablrecbnmdiyngseﬁedh@.s.

foil to the thernopl u a JThi gny ed in
the Gregoire's recgh?% 'iflsgup%;‘[u %&Clﬂe% %9.%98{ }lfaft et speC| ﬁ:&gs tlzr?e use
of an "adhesi on prmote coatimgt thatlt iimyolviest fonmihges Ydendmidis oxddéritic
oxi de coat | NGoaPYndal Ky ohirlh "1HAECHAE8E DALY pith 3Py to

bond an el ectropl ated copper” | ayer to I el ect subs
Gregoire, U S. 5, 3Band7@n rella@‘égomkai@daacemrféuayer to paocﬁkﬁl;ﬁg:trlc

t hr ee- di nensigonal BBbst+Ravé Ng gr ooves vm t h strongly bonded or
| am nated netal lic pads t her ei n, he circuit board toal COfTRI’I ses a
netal lized nale 15  CGEBUSHZRbsY rt éﬁ%ﬁﬁ 1d%a Fedr&ePt Foof EPo&PRLf &% ng

projections. The ﬁEbdhd::Zﬂgi tRirdesdbRdrisiichalSs PEBUL havingf geboes er@ltd

parent or predecess r?ﬁ #ﬁ“ﬁ?g of 1aminat & Eaf{:lt.clzcglagge%:h%rein.

t hr ee- di nensi onal
The circuit board tool comprises a metallized male

15 mold substrate having a plurality of groove forming
projections. The " metalized mold substrate is made
from a female parent or predecessor master tool. The
éatent articulates a three-dimensional PB that employs
a high heat deflective plastic, without defining the

20 . plastic, and a plurality of recesses or grooves molded
into the substrate surface for receiving the £fine
pitéh,' closely spaced-apart leads, of an integrated
circuit. ' . .

Gregoire, U.S 5,351,393, is another patent in this

25 area. '

The Gregdire and Parker patents, all assigned to
Dimensional Circuits Corp., directed to technology for
simplifying PB manufacture, demonstrate the compléxity
‘of making tools and making PB’s from the tools. One

30  of :the reasons for such complexity is that the materi_.-'
~als of construction that are used for tool making and
"for printéd wire boards are undefined or improperly.

_.desi'gned for a simple and effective PB construction
. that avoid CTE mismatches and for making tools that



a high heat deflective plastic, wthout defining the 20 pl astic, and a

plurality of recesses or grooves nol ded into the substrate surface
for. receiving the fine pitch, closely spaced-apart |eads, of an
i'nt egrated circuit. G egoire, U S 5,351,393, is another
patent in this 25 ar ea. The Gregoire and Parker patents, al
assigned to wo9sMbsomensi onal Circuits Corp directed to tewtumsoeg970s or
si npl i fying PB manuf act ure, denonstrate1ﬁmﬂ%onplexity of maki ng

tools and neking PB's fromthe tools. One 30 of the reasons for such
conplexity is thatede bl @by  in sHEPLNY 9Qa§t:iu§tlamth@s1a&e waed for
t ool nmaki ng and for printed wire boards are undefi dh erl

desi gned for a si pAintad) irecbraed paubshtatet i Bﬂet er crrﬁg 'é’tf@/d°fiTE
m smat ches and forpd@ldditali®ghy gRabves and cavd®i®e/.40507

13 PCT/ US96/ 0970

e us S n I l.cs and
resins into prititSe P& r bﬁﬁkﬂngugétﬁafisfeﬁgﬁfﬁs Qaﬂ tg|%|§gggr
not containi Bg gr cswsss aanddcnutéresl from whicHRheheyt afe rmikden-g PBabors

restricted by the roc- 5 ses_and erlal i,ch y de.
Labor ~inten %&FQ§&§ﬁhl RS i 5?‘ t &vci g%ﬁ%?fﬁﬂ gé?E screell

i ng, nasgipg, etcrﬁﬁq} maukiﬂgeIeﬂch;ndslandL¢herﬁnkﬁxndrlve uPoﬁhPBc§StThere
is a nee or a SI GRSt ef,f e i yeg oK B's
that has the capac? yls;‘Bf "0 ere As % ne edtﬁ%{'r% s3 re%g)%s&e&)odﬁ 'e'f&eg

I nt ensi ve tech- tive netinsd for maklng PB’s that has thﬁecpﬁ§§ﬁ§yoﬁf

Thi s inventign relaieid,Addiee! ekl sefinfsd NBET 1abor i%R8AsE36| @Rche
I'n foi am

produce a t nated adhesrve 15 dielectric thernosetting resin
filmthat is anmenaplgues. to being subjected to a nechani cal debossing
procedure _ The Invention

This invention relates to the materials and their
combination to produce a thin foil-laminated adhesive

15 dielectric thermosetting resin film that is amenable
to being subjected to a mechanical debossing procedure
that imparts a debossed and/or embossed printed cir-
éuit pattern directly thereon. Also, the invention re-
lates to the method of making this laminate and the

20 debossed and/or embossed laminate. The components of
this invention can be used in forming a PB or any
other fine line circuitry elements that avoid CTE mis-
matches. . The invention also relates to the formation
of a PB from these components.

25 There are descriptions in the art referring to
press stamping of foil and thermosetting resins and
thermoplastic polymers. Those descriptions merely
characterize the forming of debossed surfaces, such as
grooves, channels and cavities, in a composite'of foil

30 . and resin/thermoplastic without defining with reason-
able precision the materials from which the composite
is formed. To the extent that materials are defined,
they are generically and very generally described.'
For example, as noted above, an epoxy-glass prepreg



tthat inparts a debossed and/or enbossed printed cir- cuit pattern
directly thereon. Also, the invention re- lates to the nmethod of naking

this lamnate and the 20 debossed and/or enbossed | am nate. The
conponent s of this invention can be used in formng a PB or any
other fine line circuitry elenents that avoid CTE ms- mat ches. The
I nvention al sovoeéesess to the formation of a PB from t heryess6o9705
conponents. 25 There are descri ptioﬂg in the art referring to
press stanping of foil and thernosetting resins and t her nopl astic
pol ymers. ThoseyagegecpibédS in"®y.8lLY 4,912, 88MAr attR6LE € ahe dhardichg of

deb d f , h rooves, channels a cayities,, .in a
Composite of fori sBEifabinn gE; APEnARY ARTD (4 nbbe FIRER: i hateRt

reason- abl eephforcémenti.ne Thé lesanaé sigr ?mmgwmbht hespeﬁposbt se-

Is formed. To the.extent that teri are defined, . t.hey are
generically and veﬁ?cggﬁ%rﬁfl §ﬂ%€§%ﬁf‘={€t&° poq.ymerFor Ié&aarﬂﬂ é:,logﬁ %&Fé&
above, an epdxy-gl dss preprepfinition of WOt& 408f0mMensions of the 14

PCT/ US96/ 09705 . ished. | S. 4 i.1. o _
char ac- tefﬁg%t?ll%n O?O%%%e%&égo%/dl&ggf n B & é’% gis%%%’?a%r’f?’
reinforcement. Thét€anme is true with respect to se- " lection of

thermopl astic pol ynerenin | fleafdi f600h dftfory Rasy td deBBss.dChi Hithingn Of
the  di nensions of the resi n/thernopl astic polymer conponént in

t he conpos- pPregg. can be usedrht daparti gropvese ehinrelks @pd

deboss. A s@"P  socketd H5%a GRELANC £6320 t PhbNBSHEn WOV ddbyvglentand
10 sockets in a net The degth of _such debossnment can be

| folil. ch d "
quite large or neaffy anﬂPﬁF?e%f‘ﬁﬁ?l? BRaFly Tinfinitegimatdy” smadlroj |
is flimsy, and | achewetverngsiiclinfloil is. fliigydi b§d lacksvemiengeh and

thermoselting resi Bs{PAIM 5 convene!bRLP Bh&rilddtitly’ 243N WEnlila2 111 "

tions are difficult to shape into thin films, in par-

15 ticular, to thin films that can be debossed so as to
retain a debossed and/or embossed circuitry image in
the film. Such films, on standing and when heated to
effect cure without edge restraint, lose definition of

~any. or substantially all of the impresséd debossed

20 péttern even when affixed to the mold. 1In addition, a
conventional thermosetting resin may not have the ad-
hesi(re properties to adequétely bond to a metal foil.
during a lamination procedure though the art possesses
substantial knowledge about. thermosefting adhesives

25 that bond to metal foils such as copper foil. As noted
above, U.S. 5,390,412 requires the creation of .an ox-
ide layer interface between the metal foil and the di-
eleqtric substrate in .order to achieve bonding.  More
importantly, in such laminate construction, a conven-

- 30 tional thermosetting resin may not properly flow in a
debdssing process so as to form a desirable bonci' be- .
- tween th'e. foil and resin films coupled with a satis-

facfoi:y .debés_sed:/-e;zibos.s.ed pattern in the composite.
This is é'speéia.flly the ca.s'e -ﬁitl’; compositing a metal

b



15 ticular, tothin filnms that can be debossed so as to retain a

debossed and/or enbossed circuitry imge in ~the film Such fil ns,
on standi ng and when heated to effect cure without edge restraint,
I'ose definition of any or substantially all of the inpressed
debossed 20 pattern even when affixed to the nold.” In addition,. a
conventi onal Wo=6nessztting resin may not ha¥ t he ad- PCTISH6/09705
properties to adequately bond to a netal foi during a | am nation
procedure though the art possesses substanti al know edge about

t her moset ting adheﬁéifﬁsancﬁfa thetrh\éblbeasjct ﬂlml al Hi@lﬁeﬁwﬁua&&ecmaen
foil. As noted above, res the creatlor} of an

oX- i de | dYRLAFHIEG f%?&é’mﬁéFV\/eEﬂm’L“ﬂ’éf léerq%ﬁnéﬁg fife PRE--OTM™

el ectric substrat eande qwipjmm anki eng:.beéﬂiﬂg polpnexrs, do noti puesesst |y,
in such | am nate cons a co

therno sin
may not properly f% e3ive Pr°885g§§fhg p%oggggaso%g‘s} t?) #.x%rm'}%gh%'
desirabl e bord be- pressed :Lrtumee.lnchha polymendfiksiwill | prees se@$p wed kniadir a
sati s- . fact gdebosse o] d
This is especiall Sh%/% 1'ba"‘sesn i iﬁgcgiﬁ%oscl ?ﬁ;&g{@e ‘E"? +ﬂ%bcl%”%§1 %556/?0507
15 RGN ¢:480i8Yr30 7 @Bd assuredl!)l-‘-’ro aticha vespeabptasPBts{ilm High
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perform ance polymers and engineering polyners, do not pOssess
good adhesive propthesmesettingnreging éF-IlmFrlmf@P%ﬁﬂaY sform d @Rt &esuch
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. %f l'ications, d assuredly so with respect to
PB's. YeEAdUEHkPS BRtAN] FoLhcES odoBRePecoMPOsite  that
t hernosetting reSI@aﬁltLérBdewsaw lkhrbaghukBéedoil agubface) to retafinCitdiet |y
direct 1y bonded * g dSita Mibemas Massern, 1o bhe, SRALS 44, Eha 4! ©°
retain the attached resin film of the composite. The composite
15 can be subjected to conditions that effect cure of the
thermosetting resin, and the thermoset resin provides
a dielectric .substrate. For example, that de-
bossed/embossed laminate can then be subjected to an
elevafed temperature while the composite is affixed to
20 or free of the debossing mold surface (the mold sur-~
face is an embossed surface, the male representation
of the female debossed surface), to gel, near-gel or
cure the adhesive resin formulation. Such gelling or
near—-gelling, and cure fixes the debossed/embossed
25 pattern in the metal foil layer and the resin layer of
the composite sufficient for curing and/or post curing
the composite, as tl:le case may be. This can be ef-j-
fected with minimal loss of debossment/embossment pre-
cision for eventually generating a PB or for forming a
30 .tooi useful in effecting the debossment procedure.
The debossed/embossed pattern can replicate an elec-
trical circuit typical of the most complicated PB’s
‘industrially avii}able, The foil and the resin film
can .be extremely thin and the composipe can have a



debossed/ enbossed pattern in the netal foil and the attached resin
filmof the conposite. The conposite 15 can be subjected to conditions
that effect cure of the t hernosetting resin, and the thernoset resin
provi des a dielectric substrate. For exanple, that de-

- bossed/ enbossed | am nate can then be subjected to an el-evat ed

t enper at ure WWOo 9%6/40503 conposite is affixed {é’ or free pfrns9609705
debossing nold surface (the nold sur- face i s an enbossed surface,
the mal-e representation of the femal e debossed surface), to gel,

near - gel or tiidihddie thdhaelrveharShost asmatias lmmersuemlgeh{rang— or

near-gel ling, and re ,xes t he ,dehossed/ enb sed in the
metal foil |ayer g Hsi3Pe a 5?3 %ﬁf'ﬂeafoﬁﬁ&ﬁ‘f’g sﬁ???’&?@%t for
curing and/ or postswé n:gf the art hEBbsmpo& t0f, extilvmlaxsaesdyabilitihi s

can be ef POLES: VbE, HelhdRACLD™ReBlo S0P SHEOLLAADRPRIRS 0L €

cision for event uaﬁy generafl ng a usef ul
in effecting5the ddbsggmeratiovedofte. exceequune (fc;kmsséd.hsnbdstSSMttern

can replicate an elgc/or en oss{gﬁ' ?LCEH a 19.‘:95.%‘% nd?'tslhee'resi 0

conplicated PB' s strl alTy aval S
film can be eﬁheermqpqamtm A% thee ryppidiane Q,ilih #mﬂe@e a thin

WO 96/ 40507 layer of Thermopl]%g{/ﬂ:’s%@'i%zgf’ such as al ?:EE né@i nner
t han nost of the com*rerm al aval S; |ca y as

thin as the nost étﬁlaﬁﬂgédleering pdagticof Thie thin FIBY?‘—’ of raap%aem ar

desirabilityo t:.d Spéf'ﬂheif heoﬁesa@w €Re dﬁé@ﬁé&ﬁlﬁheﬁﬁeﬁéﬁﬁui’d I 9¥\§11§ or 5
fine, line debossed
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i nvention can i nCI'J!hiS,a the nthree-léﬁaaerlaﬁlﬁ&iﬁ nppéastddr POdPFIsessugh as
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plastlc polymer film layer, sandwich the thermosetting

15 resin adhesive film layer. The laminate can be de-

' bossed/embossed at a cure, near-gel or gel temperature
of the thermosetting resin through the metal foil sur-
face, so that debossment is transmitted through the
thermosetting resin layer and into the thermoplastic

20 polymer layer. _

The thin foil-laminated dielectric thermosetting.
resin film has the capacity of being precision stamp
molded through the thin foil surface with a patterned
tool. The pattern comprises'.embossed f:i.ne lines char-

25 acteristic of the electrical circuit of a PB. The
stamping causes debossment/embossment of the laminate
to form a debossed and/or embossed electrical circuit
pattern comprising grooves, cavities, channels,
ridges, sockets and/or plateaus (raised segments), and

30 'fhe. like. "This can be effected at a relatively low
temperature, such as temperatures as low as room tem-

. perature .(~23.5°C.)', with  superior duplication of the

- pattern that can be retained in the .eventually cured

. resin laminate. .Bec,a'\use the electrical circuitry is



adhesive filmwhich in turn contacts the netal foil. Thus, the _
three-layer |am nate precursor conprises a netal foil layer that in
conbi nation with the therno- plastic polynmer filmlayer, sandw ch the
t'hernosetting 15- resin adhesive filmlayer. The | am nate can be de-
bossed/ enbossed at a cure, near-gel or gel tenperature of the

t her noset t i ngW2/4507hr ough t he netal foil _ﬁj face, l&ﬂ‘/ﬂéﬁ@hmos
debossnment is transmtted through the hernmosetting resin | ayer and
into the thernoplastic 20 pol ymer | ayer. The thin

foil-lannated di efciGldd Byt la@bmaaﬁbhtnﬂnto the rtﬁ%:%&éeltﬁﬁﬁsrhgﬁnca{?ﬁ&' ty’
of being preC|S|on st anp hrou%h the thin foi[ surface wth a

pat t er ned aceTh%h"‘H'at F}é?nC&GEﬁF'FE%s ERBBE’RJ O e | REfIRr oT 25
acterjistic of the ttHee WoarenlisCiniush tsnafllerPBhan the space ata&mraﬁlﬁayses

b / enb f_the | t d and/ |
erbossed el ectr i o oy comparable” Kevensiopsh. (b bosef (B0 Bhe oo,
channel s, 5 riagpemt sof kdepoahtiédr meltalleairs éaehseﬂrs:&gﬁerﬂtﬁ)e ded 30
the 1ike. This Cbacﬁg%% %f t%Ct&ge a&h?rrﬂgéeq}ﬂin% prersd’t r%rci\{if%.essmé%ea t

such as tenperatures as I"SW A :
superior dupli cat isdrretf ltml of cerductancehathiden the reuxfausd ared hef

|1 d ' 14 .ne ctyic [ Ltry is
gventually cured the nddtd TbddHpied by G UG BBCUL ok 1EUL!

formed by debossn#ficaugeo athethefineet FiAguitsibneshghat can ggmcprehat

the circuit1y ocCufiaad,om thg %arcfo&asnef to the Iiﬂeeﬁeﬂs xmﬂ‘é“ | er
than the space of cir U|try npar abl e conventiohal flat -board
PB s The 5 i BPddE%%‘P?’échfPé’( zﬁ°n|"ﬁn‘é§€'|‘|a%|?%m-t li ne de-

bossed into the thermh&ettelebffiﬁinmvoa¢ﬁaﬁtﬂﬂVé(Mbtal foil SkegdrhByel of
conduct apfgewp's'  pay R AT Thidkness, as' Characterffsd "bsTow! the
surface conductlve film can be precisionally debossed
15 on the conductive metal foil surface to transmit the
debossed and/or embossed pattern into the dielectric
resin film. If the pattern comprises grooves, ridges
and sockets suitable for making a PB, then that pat-
tern is permanently fixed within the composite by cur-
20 ing the dielectric thermosefting resin film. The
grooves, ridges and/or sockets can replicate a printed
circuit pattern. In order to achieve such results,
the dielectric resin film component of the composition
should have an unimpeded thickness that is at least
25 equal to that of the foil film bonded to it. Prefera-
bly, the dielectric resin film has an unimpeded thick-
ness that is at least the thickness of the foil and as
thick as 250 times the thickness of the foil. Pref-
erably, the film has an unimpeded thickness that is at -
30 leaét about 1.2 times thicker to 25 times thicker than
the thickness of the foil. Most preferably, the film
.has an unimbeded thickness that is at least about 2 to
about 10 times thicker than the thickness of the foil.
Typically, the thickness of the thin laminated compos-



Because of the finer circuit lines that can be pro- 10 vided, a PB
according to the invention may be nade smal | er and thinner than
conventional PB's. The electrically conductive netal foi
desirably has an uni form thi ckness, as characterized bel ow. The
surface conductive filmcan be precisionally debossed 15 on the

conducti ve netwed96/405b7 surface to transmt t q& debos s eRCHISY609705
enbossed pattern into the dielectric esin film |If the pattern
conpri ses grooves, ridges - and sockets suitable for making a PB, then
that pat- tgt8 compeiBBngnthy EbxEdanit khe thdmpedpdsiresihy fdlm 20

ing the dielectrig therno I n fil ves

ri dges and/ or socké?sf?,c %&‘ﬁtt é’?‘& &érlﬁled(yoozsgqc‘fr?)cu*f? Sg g %Wb
order to achieve sHahdtegdutisty (250) mibe (0 e83Ectom)c resin film corrponent
of the conposition oul av n. uni S [ t

| east 25 equal to t Heft EP' thté’qlé"aﬁ' fﬁ?ﬁ’bg’%g d‘f&mp%la%ﬁP %Qﬂ £11%
bly, the di-elBectri thliekhassiisndiaseasturiqupéded thecdepth of delmssmeat i s
at |east the thi CkggS%hgf tr&?lf %’oklaqgtgs the res‘i? S 2%91 tdﬂiﬁ% g@?

t hi ckness of the fo y, the as an uni
t hi ckness that is aESSO £ilme gl azmouncmredt mRsSs t‘?ha(ﬁ(equtfcﬁw tRpege-

thi cker than sE?EeEE‘b&L‘“@&%ﬂE‘ ﬁ.{gﬁefssbh ma/feﬁ Péﬂf er aiich Adstriid-m

has an uni npeded thickness that 1s at | east about about_10 times
thi cker than the tkieRAeSSMPrispecpprinuous fl]ﬁ‘f.‘ﬁ"&?’al #:Speq h%stFchlfr?é’é'g of

the thin | anqjgnat edlﬁorﬂf’ol.sypical prepreg)O #405Qs is found in ichl
PCT/ US96/ 09705 te conpri Si n% the foil and the_ uni ede resl n

film i s froﬁﬁabﬁu%mBﬁ%g‘(aBedmﬁa FdCo0P3ReE 1S 115 thip @ typi-

hundred fifty (250pam iﬁpf@g&%'ed:@per, and the Jljrket he typi cal case, the
uni npeded resin film

debossnent of tﬂg r’rﬁ’f‘ﬁ?d egﬁ?% SC%F%’ SI n C%%R%ggﬁgﬁ%tggege
used to create a PB or a tool for making PB. As such,

15 it is appropriate to term the composite as a precursor
to making a PB. 1In addition, the cured stamped con-
ductive 'fi:_lm can be treated to remove metal foil from
surface portions of the film that are not to be part

of the electrical circuit of the PB. Consequently,

20 the laminated foil brecursor_ can be used to form a ma-
jor part or all of the circuitry of the PB. One ad-
vantage of this invention is that PB’s made this way

can be made to bé stackable and used in forming three
dimensional PB’s where the electrical éorinections be-~

25 tween the stacked molded laminates may be through
holes (PTH) extending through one or more layers of

the stack and/or by connecting plastic tape circuits
between the layers .of the stack. This can be effected
w:.thout some of the defic:.encies noted above in re-

30 spect to PTH problems .in the prior art boards. In-
" deed, the ‘molded pattern may include sockets (or cavi-
ties) or 'plateaus for chip components' and trenches,
furrows, grooves, channels or ‘ridges between the sock-"

ets that are allocated for circuitry..: In this form,



resin filmis an uncured mass that contains no re- strictions to the

I npressed netal foil. Such restric- tions conprise continuous
filament fiber as is found 10 in a typical prepreg, fabric as is found
in typical resin inpregnated fabric, paper as is found in a typi-

cal inpregnated paper, and the |ike. The cured stanped conductive
fil m conposi t WOH6§40592 used to create g PB or a tool f@CTIMSIsNPB. As
such, 15 it is appropriate to termthe conposite as a precursor to
making a PB. In addition, the cured stanped con- ductive filmcan be

treated to remveﬁlﬁtaéta‘duéd fER® will extibace ther &da&ﬂﬁtuﬁf cbiapaéthess hat
are not to be part ectrical circui

Consequently, 20 2°% ﬁgnfigmahg?gd ?’6|cfptdf%’5hp§8?‘a%3 lﬁ%mt%%d to forma na-
jor part or all of tThecicodducativelf liaminBBed ©uzedd-film of thetigeent this

used in forning tineR 1 usdsHi da somate B HASTREL PEGE MABRIT A ANC
connections be- 2PB bywsdampting antothlesd fidmiedwithnioxatekthout betal
t hrough hol &5 ﬁ@’:?fﬁvﬁﬁpeﬂﬂé”Sa:ﬁé”o(}“%@.n&[iﬁr%oﬁBégbéia&?rS of the

stack and/or by conne astic tape circ ween the | ayers
of the stack. This cé'll?ebelm'ﬂé@% also cgnuesplatese »f foid-deminpted es
noted above in reend® f£iKPe6E WO B.Emsamﬂﬁ i slie HAO" coHidaAr 95

I n- deed, the nol ded pattern may includée sockets (or cavi-

ties) or plat eauditd-e¥papdabhpotbarsopkestienpatticles that, egnains

grooves, chpgnel s a@f éé%éﬁxy‘eﬁﬁlf&ﬁnsaﬁﬁs:&y anaet €hiddesy eaéﬂ)QQat ed
for circuitry. 1In_th 6/ 4050

PCT/ US96/ 09705  the br@ﬁét§t aékéaepél%mw |¥n e‘&&ﬁ%ﬁm%w%r nBkesSsure

conpact ness bwidthegseial ltne fmrmtdrmm mtneatﬂrllnzaamﬁhg curing The
conductive | am nated cur fil, T t he tiqn ef u& gs a
fermal e or nal e tO(ﬁ uses Bi ﬁ@ m to expan The J.nvent:.on con empla

placing such a foil-laminated film in contact with an

15 debossing stamp containing a replicative printed cir-
cuit pattern in male embossed or female debossed re-
lief form and heating the film at a temperature that
éauses the in situ-expandable thermoplastic particles
to expand forcing the foil into the deboséing stamp’s

20 embossed surface to generate a debossed/embossed pat-
tern in the foil-laminated expanded film.

The invention also contemplates laminating the
aforedescribed metal foil-thermosetting resin laminate
to a supporting layer comprising a thermoplastic poly-

25 mer film, a fabric and/or a composite of a fabric and
a thermoset or thermoplastic polymer impregnated fab-
ric. The supporting layer is preferably bonded to the
thermosetting resin layer of the laminate. Bonding is
effected by' relying on the adhesive qualities of the

30 thermosetting resin layer. In making’ such laminates, -
the metal foil is debossed into the thermosetting
resin layer of the laminate or through the thermoset-
ting resin layer into the supp_ortimj layer, in which
case the metal foil is bonded to the supporting layer,



5 PB by stanping another film (wth or wthout netal foil) having

the sanme or simlar conposition. The invention also contenplates a
foil-1am nated thin filmof a thernbsetting resin that contains in

si t u-expandabl e thernopl astic particles that contains 10 an essentially
uni form density and thickness across the breadth of the film In this
enbodi nent, prea964aso7 built up in the 61ter| or of the fPEtTIUShENI0S)
curing causes the filmto expand. Th& invention contenplates

placing such a foil-lamnated filmin contact with an 15 debossi ng stanp

containing a repli egpwﬁwlwedmtﬁe of thecudheﬁﬁ'tréetmalﬂt:[@é ecfmahesed
or femal e debossed

ef for h the filmat a
t enper at ure t hat t{xerm%%ﬁ}'stéan SR ?FY &%%agﬁg‘lpﬁg?hopl astic :
particles to expaed Loventipn heofoi Hebossindgie thiwssmegadt afpid-20

enbossed surface t o, gepcrale 5 dRhAsS el AINASS el Poe carried S4lk | Mt e

foil-lam nated exp e Invention also conterrpl
| ami nating t3e batalior edms ccobbinumta| of ocbnt heuews eproagssesi nin afi nat e

to a supporting |la 9 ek asti - . fi a
fabric and/or a COXQ{C:)%Q?QP&# fa{?)]r ggg% ﬂi&%pﬁt%esr%srémpg?éd oh™s
t her nopl astic poly ¢t¢nrp¢>§gﬁat[-'d@tﬁabpress andj gubjestsdpsor tdeRpsisagat i s

preferably bonded §g the p ess,tQﬁ&”PﬁétEﬁ -qﬁj rbdn@b%&t@f ilshe-dmdReRat .

Bonding is fected yre ying on t eS|ve qualities of the 30
t her mosetting resi ﬁnﬁas‘*érbOthnOﬁ'aI&hﬁg Pé@@ﬁnﬁaﬁ?ﬂa?%tam thet geokemaths oj |

i's debossedjignt 0 thRet NGESDSE U idifkface mb2al NebSinidg  hd arfera%tieear
t hrough t he thernoset - ting resin | ayer into the sup porting ¥er

whi ch case tBECA¥RS fddgefs MAhd&PiPo M %ﬁﬁGrt?%@“F%ye*cke
WO 96/ 40507 and/or plate@@s necessary forPST/Elﬁ%/ Q%QEally, the

typically by virtug,ol Lbe, aqies) ue, GUAI LT 8ReOhetlf fos1 sidi®SPSEhLI N0

resin | ayer of the
composite so that an "impression is effected by the

15 tool into that surface. One or both platens may be
heated to effect gelation or near gelation (“near-gel”
state) of the resin £film, thereby fixin§ the metal
foil in the resin film. Neither platen need be heated

~ so that debossment takes place under ambient condi-

20 tions. In both cases, the debossed composite can be
removed from the platen press and put in an oven to
éure or post cure the resin and fix.the debossed metal
fo:.l in the cured resin.

The semi-continuous process 1nvolves the prelamina-

25 tion of the metal foil film and the resin film in a
continuous mode to form scrolled rolls of the uncured
composite. The uncured composite' can be unscrolled,
or the continuous formation mode can be accommodated
with take up rolls, then cut into pieces designed for

30. debossment in a press, such as a platen press, con-

. taining a tool as described above, that can debossed
through tﬁe foil surface. The pie_ces ar'e. placed into
~the press and with compressibp of the pla'teris, the
grooves, iidgés .and/or sockets, i.e., the printed cir- .



The invention of debossing thin netal foil- t her nosetting
resin lamnate can be carried out ina 5 bat ch, sem -conti nuous or

conti nuous process. In a bat ch process, the various filnms are
superi nposed on a pl aten of a platen press and subjected to
debossnent “in the press, and the resulting conposite is renoved.

One or bot h oWwadsaosszat ens can contain the £‘PO| with 10 t weT/UShea9708 d
surface nold containing the required ‘grooves, ridges and chip and
ot her devi ce sockets and/ or pl ateaus necessary for a PB. Typi cal |y,

the tool will,fie hocadsd Urd hEormid! thfblgrsi €ife Qhetd® foil sur-
conposite so that an inpression is effected by the t ool mtggr%ggt
or

y e 15
surface. One or $afiey pist@nthpyegdn film.papdqany QFPRT: aF&P
near gelation ("neadyeiel " Gelatidrdi €he@k t(Heldigivn bkl nputiry elhrbughng

t he net al fail in the resin fil Neit her .pl aten_peed heat

so t hat debossrren?hetaoﬁ&é"s %%qund'lfr -‘i;r?ﬁréhfgc%iv-e’ Zaaﬂest Pgﬁg.e %e?‘g"bot h
cases, the dsbosserf cdeginsid,e thandebossed composik firsomemoyed £rom hess
and put in an oven to cure ar .post cure. r,esi nq fi

debossed net al Pregs,;jng ﬁuﬁﬂgcgﬁ?édgée #ﬂ&lé£§i £o é&fﬁéqg%ﬁgy%gﬁtfﬁhous
process involves tderepraat poistacugs thetresirof the netal foil filmand the
resin filmin a T O’Hdn’l‘i%%ug‘)g‘éo QsEOEH%éﬁé)A |G "l I;ﬁfelfahﬁnuﬂcured
conposite. The uncured conposite can be unscrolled, or the

cont i nuous f or mat i tkpmopdteparfbeha cspmbreeriinuous REQGLISxke WHOWEFEKs,

then cut injg piecgserlasi gALE bAkcRO cut dgRASUMBLs! tHe PiSRfnateChthe a
pl aten press, con- taining a tool as described above, that, can

“debossed t hriaminatfe ¥oi fedurpREENUGYRLY, 3% e’ SPREFRURRY filpg of
the press and withegonpsmssdite do i MRS orl he combifh@QUVRS oL agiges

ggd/ or sockets, Imej' - ]t%t he/gé %gggdmxl:c;llers, or w096e/n4 5e057s belts, in
which the roller or belt that contacts the foil side
15 of the composite contains the tool with the printed

circuit pattern on its curved surface. The debossment
of the composite takes place continuously by moving
the nip roller or belt combinations at the same speed
as the composite being fed to the rqllers. The roll-
20 ers can be heated at a sufficiently high enough  tem-
perature to cause the composite’s thermosetting resin
to near gel, gel or cure, thereby fixing the deboss-
ment in the composite. The heated composite film can
be fed directly to a continuous oven ﬁhere the resin
25 is cured or post cured, and then the film can be cut
to  isolate each débossed section that defines a
printed board.
" In respect to any of these procedures, there may be
included a pre-debossment step in which the surface of
30 .the.nmtal foil that is to contact the thermosetting
resin film, or the thermosetting resin £film, has
printed oﬁ it a release agent coating that replicates
the printed circuit pattern which is to be debossed
into the foil-resin composite. The printing-avoids



cuit pattern, are forned through the netal foil sur- face, into the

resin film and any ot her associ ated | ayer. Cel ation, near gelation
or curing through " heated platens, as described above, takes place
next. 5 I f desired, the debossed conposite is renmoved fromthe

press and subjected, as required, to oven treatnent to cure or post
cure the resi rWo9/40507 The conti nuous proggss I nvol ves t hePCE1I$96/09705

prel am na- tion step of the sem -cont"Auous process. However, 10
rather than batch cut and deboss the | am nate, the | am nate is fed

continuously as a eeatimgOtRosé! Beotions of t brecpapterh ethat nwpllokbers or

t he conbi nation of _an | d . , t e bel ts,
in whi ch thesg% 53 cﬁégéé%gﬁ?ﬁggg%%n aé%%k?%%§fo§# gﬁgé %%k%%§8f t he
conposi te cont ai nsThae remsinder hofEhshpr patsdrn containpguthepgeated &/-its
curved surface. Th 0 t cq({%p%ge iedkasdlgee -
conti nuously by nngfggg sagﬁetrnaﬁﬂﬁgﬁgﬁnﬁgﬁgor elt c%nbinatigﬂg %tf?he
sane speed 5 atease egepbsideposdtihenf sfepo afifected| dys. trapsfexrging 20

ers can be heated abj@asdf{d&ietidon hi gh enough tem perature to
cause the conposite's thernbsetting resin to nearp&;lt_ el_,or cure,
thereby fixing the debod¥ansfer sheats ntypicaldipddiammortastheafdym or

conposite filmcan rel@akedpahé£ctda/ the megalt EpLDUSiTM,ERYVNEr € the
resin 25 is cured or post cured, and then the fil,mcan be

cut to
i sol ate each debossed?s&BFPYaP: BSFegRs | puch as by silk,Sggeppsy gto the
In respect 10 any of thaeeapr 66eUuUfEtm, Pdrere nmay be I ncl uded a

or e debossrent Step 18y WeEhobVSra HIAEe o BRe matbE SBELIRHA,, (D20 T 0
film has ~ prTheéctramsfer csheditmasenapentformedi by totagreomriogt dhe
L i
22 POW USosyaqesR)5can be effected using flat or rotary
15 screens, as desired. Coating of the resin film sur-
face with a release agent coating is used when the
metal deposition on the film is by electroless or
electrolytic plating.’ '
The thermosetting resin film used in forming the
. 20 laminate of the invention has the foliowiﬁg qualities:
a) it will shape by processes such as stamping and com-
pression molding, and the like;
" b) the resin is nonconductive, which means that the
resin can be used as a dielectric substrate;

25 c) it is a thin film that is. sufficiently uniform in
thickness in order to provide consistent heat shap-
ing capability across the breadth of the film, and
the thickness should be sufficient to accept the
shape imposed by the shaping process;. |

- 30 d) t.he resin can be molded by compression or stamp

. molding without the need for constraining flow at
the edges of the resin film; '

e)the_film possesses low flow over a broad temperature
range so that it does mot flow uncontrollably while



coating those sections of the pattern that will con- stitute

debossed/ enbossed portions of the pattern. The remai nder of the
pattern contains the coated re- | ease agent. The printing may be
éffected by are- 5 | ease agent deposition step effected by
transferring rel ease agent from 1. transfer sheets,
typically thewWpd4aszi c fil m or rel ease paper, POT/USHS/0MOS al
foil film or 2. through screens g%ch as by silk screens, to the
10 metal foil film or 3. rotogravure rolls, to the .
metal foil film undeF§8ihg aRerer cdiRBkIoRa) kRad oinar pyasedogndewring
t he rel ease agent to the transfer sheet. T@e sil k screen-, I ng
process can be ef f ecPE8SEEF Ry & oPSTLAonS thaf, 3&Rs SURSTIEPCAE]

Coating of the resinokekmasugroove or famdty tin athel ease agenéd demdileg is
used when the tal deposition o h ' LS treles
electrolytic plati ng?“ggd' or Ovef,& ﬁ?otlu}oeg?{'é%g}'h tg ?%?%1 égeg §ﬂla(r%g

er nbse resin

form ng the 30 | anbid} ewbdlltbe canssd iton fhay bacatse | ofv prResARTE ties:

a) it will shape by pr S8€S chs 4s. Shyping and com pressi on
mol di ng, and the Ii kg;Ogtgjs 8 t%] ﬁ%?’r esin is nonconductive, which nmeans
that the £y 6ben fidm (gelsseor aschieves epropertiast sipblapsto ac) jt
is athinfilmthat igg,84ffd 'g@ﬂﬁ’iéﬂ” foh8aithel” state) ! NbvkBeong-or der
to provide consistent .ﬁeat shap- I ng capabpility across _the
breadth of the film tirgs leading tehgurf; ckplsssabifiy GRFmaRGiadi &Pt o
accept the 1 dthapgsi nposed by the shaping process;. 30 d) the

resin can be nol ded by conpressjon qr sta nol di ng wi t hqut t eed for
constraining flow at The Tdsin tomudagdenchay nEOREATH 7 MuRber of adgi- e

filmpossesses | ontivesv @vnat aaid oad tihigepeiformance of theangesidw tihat it

does not flow unco%én?aj.rlgabéyd%alegtric substrate onto which metal foil
is deposited. One such additive is a low profile ad-

15 ditive. Low profile additives are thermoplastic poly-
_mers that have the capacity to cause the cured thermo-
set resin to avoid shrinkage at the foil resin inter-
face. In fact, low profile additives can serve to
slightly expand the surface of the resin so that at

20 the time the foil-resin laminate is undergoing ad-
vancement toward resin cure, the low profile additive
causes the resin £film to slightly expand up to about
2-3%, preferably up to about 1-2%, and this assures
that the debossed portions of the printed board pat-

25 tern are smooth, uniform and devoid, or esséntially
devoid, of shrinkage. This is particularly advanta-
geous if the metal foil is formed by a deposition
process such as electroless and/or electrolytic plat-
ing.

30 °  The foil that is laminated to the thin resin f£ilm
is a relatively thin sheet of es'sential.ly uniform
thickness as characterized by ANSI/IPC-MF-150F, §
3.4.3, adopted on October 4, 1991, entitled: “Metal
Foil for Printed Wiring Applications,” published by
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under goi ng cure conditions, and when placed under pressure, only

t he portions that are superinposed over a-groove or cavity in the
case of a female nol d, or over a protuberance in the case of a nale
5 nold, will be caused to flow because of pressure im posed
on the filnm 2aMG@96/40507 f) the filmgels or gghieves properti per/BsYEdoE t 0 a
state of gelation ("near-gel" state), over ndi - tions leading to
cure, that satisfy comercial con- 10 ditions. The resin

for][rul ation rr?yt ﬁoahai ﬂnapmtm@@rf@% Qﬂ_ﬂérconrae_ctlihig;/%dt Iﬁtgkt%bq?bn Eilt%-m_ ]
per or nrmnce o e resin Ln . n lelectri C substra onto | C
etal fofl ETRLGSFEmithe TIRD Rudhinceln Avenusy dringaiaweed: 15

ditive. Low profife 806a6i verharfoilhaayoha®et aCcthitkness betwddns abdait have
the capacity to cayse th r gr nn- et,resin t oi f-zshr i nkage
at the foil resin pn?ep-if ?Efﬂf]; e.canI 9 ﬁqu%] %\ﬂ W&Fi |(_§-§§ﬁ§lﬁi vé®dan
serve to 5 sl i gatying 3k pddeentufbacdepbsibed rismils smd IS paircaht
the tinme the foil-resin |anjpate, s undergoj ng_ad- vanc nt toward
resin cure, the IoﬁPﬁrUFPthBd%?%i§e Saftab L&%EFﬁrﬁ;rEE?nf?ffﬁFFS of
slightly expand upthﬁ améﬁtrodﬁ?osi%?&%oﬁﬂﬁﬁbﬂ@&hlfﬁ&ﬁstOThbgﬁgil-ﬁﬁee&nd
this assures t hat_t he_debosse ortions’ t he, pri.nte 0 pat- 25
tern are snooth, uﬁﬂ’ohﬁ a’ﬂ%g%le\? i f % rigggnﬁ al ??f’dlpcuvede’%?%is ofnd
shrinkage. This imepaltiallcys,y sdehAntas alumingmpuscoppéidie rotramifum,l is
formed by a;deposiij . r h ag. tr,0less and/or

el ectrol yti (]:'Gpl at -&69& s}lrl‘bgﬁs%&%%%s’i%he ﬁ%g#gfhal#alsss’l %rﬁ%r?ét 884 §hene
thin resin film 1likejs Brefexted cfgik imetalmairefalawdeonm, alcoppeni fadm

thi ckness as charaggekézed @gl\%f%ﬂ /dlpa%évllzbj?%'q?%or%e °h5§'\#ﬁ§ﬁé§g8pt 89 on

Cctober 4, -1991, entitled: rinte
Appl i cati ons, " pubﬁyg¥é§PQ5MF—150F, at § 1.2.4.1 and such are included

in the practice of the invention. The foil sheet may

i5 be a separately formed sheet that is adhesively bonded

to the thin resin film or the foil may be formed as a

gheet bonded to the thin resin film by a metal deposi-

tion technique. The metal deposition can be .effected
by electroless and electrolytic metal plating, by
20 metal sputtering, vacuum deposition, and the like.

The thin, essentially-nonconductive, thermosetting
resin film that is adhered to the foil is, when made
independent of the. metal foil, moldable without edge
flow constraints, and contains, as its major ingredi-

25 ents, . '

. (i) a thermosetting resin that advances in molecu-

lar weight_without forming a significant vélatile by-

product and - '
' (ii) a flow control component.
30 . The resin film has ' _

a) an uniform areal thickness ranging from about 1 to
about ‘250 mils (about 0.00254 cm to about 0.635 cm) as
calculated from the weight“of_resin film fof a given

" area; '



WD 96/ 40507 24 PCT/ US96/ 09705 t he
Institute for Interconnecting and Packagi ng El ec- tronic Crcuits,
7380 N. Lincoln Avenue, Lincol nwood, IL 60646. The foil may have a
t'hi ckness bet ween about 0.1 m!l (2.54x10[err] cn) to about 20 mls
(5.08x10[err] cm; 5 varying [err]10 percent for deposited foils and 5
per cent WO #405¢7ought foils. Suitable % ros of the foilpeuresssiosres

t he el ectrodeposited or wought forns. The il sheet may be nmade of
a variety of conductive netals and metal alloys, such as alum num
copper, chrom um gPwithdRfimsd Y8 ma:FERe hilBknedddsk abt SkAsiing e and
t he li ke. Preferred fgl netals are_ al um rgim copper and

ni ckel . Copper grade9f¥F#Eioh FachaF feeforél b Tadle A.AnSi/ | PC- MF- 150F, at
[err].1.2.4.1 and such are included Takle Bhe practice of the
invention. The foil sheet m YRS etehysrikasredssheety that s
adhesi vel y bonded to the th-m-%—azmrrm? s 1 00%84 pd as a
sheet -bonded to the thin remoafet al| f1efilk - (0. 00508 cm)l pn

t echni que. The netal depo$itioni€@anm Pe eff edi ed + 208by el ecfrol ess and
el ectrolytic netal plating, by 20 metal sputtering, vacuum deposition,

and the |like t ]§§' nt.i - Oﬂﬂ}i_ﬁt-i ve, thernosetting
resin film tT'zlat [ sc)a(Jiﬁ‘é'r eg&fo Flhe o?ﬁ %ﬁb%%ﬁ‘?% e ! i ndependent of
the netal foil, nolldébeeawilhtyt tedgere, gel,fbgwneamsged; nat, tempera- -
contains, as its majap LOOEEGL- asht %o°€r.‘t £o about %50°C(.')iﬁ. §RGLMRRGH! | N9
resin that advances 1 n nol ecu- ar wel g wt hout”"formi g a
significant vol atil eabput 7 daypraoduapranthan 1 secondiii) a flow control

conponent. 30 he L esi ' ' ' r hi ckness

rangi ng from aboute)llt go‘;' .éi&ééﬂfgb%%t%nfgsn}:n% %ﬁ&g{o&%%@%&&fo about

0.635 cm ak0 The damipatedd dompesikte vafl gheoffoidsi sheet manst %hgi ven

ar ea, thermosetting resin f£ilm have essentially the same
surface area.

In a further embodiment of the invention, the mold-
able, essentially nonconductive thermosetting resin

15 film employs as the flow control agent a diverse group
of materials, such as: '
i) one or more electronic grade fillers:;
ii)a thermoplastic resin that is soluble or par-
tially soluble in the thermosetting resin;

20 iii) an elastomer-type polymer that provide dis-
crete elastomer phases (second phases) in the
tﬁermosetting resin matrix;

iv)a thixotrope; and .
. v)a mixture of two or more of i), ii), iii) and

25 ivy. '

Brief Description Of The Drawings
- . Figure la schematically illustrates a side view, in
a partially depicted exploded relationship, of a batch
process for press stamping the composites of the in-

30 vention. -
'~ Figure 1b .shows the side view of a PB precursor
containing a metal foil-thermosetting resin laminate.
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w th m ni nrum and maxi num t hi cknesses not exceedi ng the devi ation
factor set forth in Table A Table A
Range in mls Devi ati on Fact or l1tob5 1
ml ([err]0.00254 cm 5 to 10 [err] 2 mls
([err]0.00508 W96/40507 196t o 250 PCT/D896/09705

c) low flow at a broad tenperature range; d) the ability to cure,
gel, or near-gel, at tenpera- tures fromabout 20[err]C. to about °

2§30[e|rr]Cd, :n | ess t Rdgure 1c sh@&mﬁtha goys aaéwrr'wlig ahag?hlpzsaﬁm_ (3o .

e) a low di.e ectric'conit nt in the.t grni)s%t sta’;ﬁs , e:{amn te

conposite of the FOPFaiRiRG: a;fipkale Foll-therfosghLing; F§sidsi AN ehave

essentially the samended to &usimrtdmgalayer. In a further enbodi ment

of the invention, the_oold- abl essentially nongonductiv

t hernosetting resin 1§lgurefilldmsé}P?p'Tsoy€h%s f'ﬁ% Fﬁg\'fv c°£t$o%a£ﬂ%C%§s&rverse

group 5f matcentalsingueh metal foil-thermpsetting mwmsdnel amimatiec

grade fillers; _ le b ernpl ' i ot s kS ulhbe Qi pRAar-
Pﬁgd?ﬁe%h}@u%ﬂ.tﬂg Eﬁ%&hﬁg%@éiﬂg Q@%%#)lﬁg% he Yup?

tially soluble in (hernoserting resin;
el ast omer -t ype pol pestingatayenvi de dis- crete el astoner phases

(second phases) in thgjgure 2a showhhg' SBAGHALIY S£34 Nvi® MiXiustrating .
iv)a thixotrope; and vglamxture of two or nore of-1), 11),” iii)

and 25 i vp. semi-continuous proggsefiqiRKash i Yrrmpirghdhey £MTgs
Figure | a scienati gaklives! b8Sthat@sventibde View, in a partially
depi ct ed expl oded rel ationship, of a batch, rocess_fo ress
stanpi ng the conposité& 9‘61':etﬁg i -""1%0.*"'%e VFENL i°c§n.5plgure 2a {'F‘?‘b‘?.ﬁ%altﬁ
shows the side viedngf #nPid@itian,S@ supportim®riasyer.ng a net al
foil-thermosetting re?h&uégnggaig'a schematic side view of a production

~ line for the continuous production of the laminates of

15 the invention.

Figure 3b shows the view of Figure 3a plus the ad-
dition of a supporting layer.

Figure 4 is a plan view of a composite of the in-
vention in a printed board format.

20 Figure 4a, taken along line 4a-4a, is a cross sec-
‘tional side view of the composite of Figure 4.

Figure 4b, taken alopg line 4b-4b, is a cross sec-
tional side view of the composite of Figure 4.

. Figure.dc, taken along line 4c-4c, is a cross sec-
25 tional side view bf the compoéite of Figure 4.

Figure 4d, taken along line 4d-4d, is a cross sec- -
tional side view of the composite of ?igure 4 contain-
ing an additional layer, also shown in cross section.

Figure 5a shows abrading of PB according to the in-

30 -venfion to isolate the metal foil into grooves and
sockets. '

Figure'Sb shows a side view of a PB according to

the invention.
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Figure 1c shows the side view of a PB precursor containing a netal
foil-thernosetting resin | amnate bonded to a supporting | ayer.
Figure 1d shows the side view of a PB precursor 5 cont ai ning a netal
foil-thernosetting resin | am nate bonded t hrough the thernosetting
resin into t N %1507 porting |ayer. Fi gure Per/vbesm970s
schematic side viewillustrating ggm continuous process for press
stanping the com 10 * posites of the |nvent|on Fi gure 2b shows
the view of Fi gure 2@1¢d@r@0i@ta top vieWwNgf ian PRUgHaldeOrin aaddgydricdeny

| ayer. 33 IS schematic side view of a production

line for the cont‘l"?‘n é" E’?’F’BH *of the |lam nates of 15 t he i nventi on.

Figure 3b shows the mgmte)fsaFliguraec&a pway shédeaviiew of thediRB @wf Higx

supporting |ayer. ure 4 n view of a conposite of the
I n- vent i o“r? n6 atadﬁ%ta&%ngoaﬁae o?ﬁg%éa 20 Figure 4a, taken

al ong line 8a-4a, isFigureosd deca cut awayi sidé viele of cthefPRB ek ddigrosi te
of Figure 4. t akQng. | i ne 4b-4b, |s a Cross sec-
tional side view t%eéag%gr?pgé':g{’g i%ﬁE kB 9b. Fi gure 4c, taken
along line 4c-4c, isFhowreo$s deca zZmt awayoﬁédesvw Velevkhst R%@ﬁ:(ﬁ%l te
of Figure 4. Rl addngt Q%ﬁgsaggngcl ine 4d-4d, is a cross sec-
tional side view o ?1e CoNnposi t Figure 4 contain-

an.
additional |ayer, al E%E\S’?ﬂ) ii® @& 3¢ awayi ghde view of tﬂ}‘blﬁ% s

abradi ng ofoPB acepé dé neaied EN@nign1iR@s 6dvédiion to isolate the netal foil
into grooves and soc,}<els Fi gure 5b shows a si.de view of a
PB according to Figure is a schematic ew of a prior art system

' for making PB’s.

Detailed Description Of The Invention

This invention includes —

15 ¢ thin film printed board precursors that contain a
thermosetting  resin layer and metal foil layer in
direct contact with a side of the resin layer, op-
tionally containing a supporting layer comprising
fiber, fabric and/or thermoplastic polymer, in con-

20 tact with the other side of the resin layer, and
methods for making such precﬁrsors; and

e thin film printed board precursors that contain
thermoset resin layer and metal f£ilm adhesively
bonded directly to a .side of the thermoset resin

25 layer, optionally containing a supporting layer com-
prising fiber, fabric and/or thermoplastic polymer,
in contact with the other side of the resin layer,
the resulting printed boards and methods for making
the precursors and the printed boards.

30 The process of the invention creates the electrical
circuit in the PB by a mechanical pressing action _that
either debosses or embosses the circuit path on the
board. A master tool has the circuit pattern on it as
raised 1lines (embossed) or depressed groves



t-he i nventi on. WO 96/ 40507 27

PCT/ US96/ 09705 Figure 6 is a top view of a PB made in accordance
with the invention. Figure 6a is a cut away side view of the PB of
Fi g- ure 6 taken along lines 6a-6a. 5 Figure 6b is a cut away

side view of the PB of Fig- ure 6 taken al ong |ines 6b-6Dh.

Figure 6¢c is avowémsosemy side view of the f Fig- ur pcussloeTesal ong
| i nes 6c¢-6¢C. Figure 6a is a cut a g side view of the PB of Fig-

10 ure 6 taken along |ines 6d-6d. Figure 7 is a schematic view

of a prior art SYSRSQBossed)fC"THEa&bﬁgeEBtsol is made by a cdiptemitliiedal
Description O The | nvention

I nventio 1
[err] thin film prPhPEq b‘B%ﬁ"bd FFesHcedy §L"‘Fﬁa?r88%? aTnnA Jdeitoo1  plate
theerset Ejl ngf reﬁl Ds! @¥¥eread wikhala f photoreseirsti.n U.V. lightii Lectshdsedact
with a side of the resin |aye nghl n
supporting | ayer CB{’rﬁ nﬁ‘ ggl riega%lvef :brg?ge dDfrjl %héeyndgﬂgéﬁ% rr%pqrgst,ltlltc
pol ymer, in ®on- 2Paths, ohtot thetphoteresiay, diaksiewinghdheesineasaydat and
met hods for naking s;ﬁhrgmgggrgg£€% &khing. iﬁgrﬂlééa’1§'ﬂﬂ@ﬁ”ﬂ£§é¥édpoard

precursors that coffit: rnoset” resin layer and net al

iaolhea vely tobareteyedi thet luphagdaned d@remst hef t ﬁéﬁmﬁ@tt‘?"@:ﬁ’#tﬁ
ayer, optionally al.ni t LRO Al~a}e m . Bl IH®-
fiber, fabric and/gggﬁhkgsgg 55%99 ol ?ﬁeaciﬁ bathT(e. ﬁ : ﬁfrgt mngﬂgihe

other side of the redensphywon), the exppﬁedrggﬁﬂuﬂﬁ To‘??rﬁ RIS Lond

met hods for jgaki Ngetched awalyl® p‘fl?&“ﬁﬁ?&&n@d‘daiéﬁs PlofN e t}ﬁlﬂfﬁiﬁ:es’i&t
The process of the invention creates_the electrlﬁ fcght in _the
relief image o

PB by a nechani cal 285PeS5ipres; i4f t1eaving a
bossed pattern to be stamped into the foil.

This pattern is transferred to the PB lamination by
a simple pressing operation. Because'mechanical rep-
15 lication transfers the pattern to the laminate, a much
finer line spacing can be achieved than by photo etch-
ing. This can be turned into a metal circuit by a va-
rlety of methods. For example: )
1. The raised line {embossed) tool is pressed into cop-
20 per (or other metal) foil that has been placed over -
" the adhesive. This can be pressed in seconds and
cured in a later operation, either with the tool in
place or removed,
ZLThat method may be modified by masking the circuit
25 line pattern on a silk screen or by stenciling, and
coating the underside of the copper foil, i.e., the
.8ide of_the.foil that contacts the adhesive, with a
release agent. After the foil is pressed into the
adhesive, and the adhesive is cured, then the foil
30 E éver :the release agent can be abraded to easily
. - separate -those sections of the foil from the lami-
. nate. ' I '
~.The concept of molding a non-conductlng thermoset-
';ting resin in order to form a PB is best achieved us-



ei t her debosses or enbosses the circuit path on the board. A master
tool has the circuit pattern on it as rai sed I i nes (enbossed)

or depressed groves WO 96/ 40507 28

PCT/ US96/ 09705 (debossed). The naster tool is nade by a

conventi onal photo i maged chem cal etch process. A netal tool plate

i s covered w twWo8s/4o507t or esi st. U. V. |ight |5 shi ned t hporrgspemo7os
negative i mage of the enbossed circuit 5 %aths, onto the photoresi st,

har deni ng the areas that will remain after etching. The piece is then

treated to reqepve tifermdaRieengd @stas wivihe oot 9E6§é§€1es set Wien
passed through an acid bath (e.g ferrlc chl o- ride solg%;oné t he

exposed metal of terthohepeiie ,§7efg fewo (thedosstting ¥/81Ra 43r eas
of the photoresisttions h&ve tHe iqupatieyf tbeﬂurmgaatlﬁ:ahﬁflm mesesbinge em
bossed pattern to he s ed into.the foil This pattern is
transferred to theghQB#éiﬂﬁﬂ%ﬁqbﬁ ective BrORSKE%5r essi ng operat i on.
Because nechanicalarepe fBrmuléttaulshapasabyfgrscehee@asm@hras(suﬂmping

| am nate, a nuch and cgﬁé %égfbgqﬁﬁfﬂggcag Qetgghi %xlthan by photo

et ch- ing. This crrcurt” by a va-
riety of methods. Ebmhexanphe formulathﬂTmsrn@nﬂnhduQﬁiv@enb@sgbdpeﬂa§l is

pressed into cop- 20inar P! e AR TBIR! bel lided N Uatudagpchbaced

over t he adhesive. |s can be presse I n seconds an
cured in a |ater opepubBtrateither with the tool in pl ace or

removed, 19 2. djgheMBdifhiERY ohe Msflfdtﬁynm&mgtﬁm §57 GuiFlF§25
line pattern on a silk screen or by stencilin coatlnﬁ t he

under si de of the copféPPELY| uniform (jp thick esssﬂ-&e MHdghetPoBrovide
contacts the adhesiveonsibbeAt heat shabgAge 2@pabilifyteackbesf oithe S

pressed into the o o\qeRNS ¥ 200n! "GndMNGN VEnl SHESIsnbEE bR°
' sufficient to accept the shape imposed by the shap-
15 ing process; '

d) the formulation can be molded by compression or
stamp molding without the need for constraining flow
at the edges of the resin £film;

e) the resulting film possesses low flow over a broad

20 temperature range so that it does not flow uncon-

' trollably while undergoing cure conditions, and when
placed under pressure, only the portions that are
superimposed over a groove or cavity in the case of
a female {(debossed) mold, or over a érotuberance in

25 the case of a male (embossed) mold, will be caused
to flow becausé of pressure imposed on the f£film; and

f) the resulting film gels or achieves properties simi-
‘lar to a state of gelation, over conditions leading
to cure, that satisfy commercial condition;.'

30 The.average thickness is preferably from about 1 to
about 250 mils (about 0.00254 cm to about 0.635 cm).

The invention relates also to the use of a thin

isotropic thermosetting resin film with the metal foil

layer that is amenable to being subjected to the de-



30 over the rel ease agent can be abraded to easily separate
those sections of the foil fromthe | am - nat e. The
concept of nolding a non-conducting thernoset - ting resin in order to
forma PB is best achieved us- WD 96/ 40507 29
PCT/ US96/ 09705 Ing a thernosetting resin having the properties set
forth herein: wdmemosoew t her nosetting resin formula- t irePARISH6A0o20st he
capacity to forma thin film possessing 0 ¢ he foll owi ng collective
properties: 5 a) the fornulation shapes by processes such as stanping

and conpression mlwslsqnga%okéaukékehat impafts tdepFastdu fOfradial igdtd s
nonconducti ve, whi ch nmeans the, formulati gqn can be used as a

dielectric teqmysthgreonqo ThffethE %Brr&ﬁ9£?°8ﬁ°foFH%r%P§?ﬁ?FWqI|ﬂ

that is suff Ih resin @iQhil \vead ahe iatoreinekbessed NCTE degfwlaﬁwesiteh
consistent heat shaping Y ¢ ACI 0SS rea 0 e
film and the thicKﬂis@nsﬁBg?gef%Plc fagrlcsBFF?ﬁ?%ht (L cEPR gﬁ Yape

i nposed by the shaffected with imimimadcdssms of debbssnemtf radimiionn f@n be

nol ded by conpressiQn_or thout. .t he ne o
constraining flow even “311§t9?ﬂ813§§§£ %fpggﬁﬁgéiﬁ%fﬁuﬁtthoaréx¥Q5£t*§
resulting film possieyedd Iorfwdnm\mimrtBtczh,bmcfle form:.ngt enpeoclt sefwnge
so that_it does noty flgu upgpy- othee eboa%ﬂr\ e@PAé’edM}J ”x;}ﬁeer&&r{‘gis%”e

condi tions, and wheén sUTe. onl e portions that
are super itnopded tmcmoae'gtmereamc af'ilry/ foilt rﬁeama@é:eofhas the a

femle (debogped) thirdeifl Q¥ebdiny PHRAIARGS ddlddd with dNEsh25arola a

nmal e (enbossed) nol ecause of pressure
i nposed on the fil Felakdvely low tefperatmne.ngsyeh nagelt@nmera@ﬁre(iws

properties sim- 1ow as room temperature (~23.5°C.), with superior du~

plication of the pattern. |
The invention also contemplates associating with
15 the foil layer, a thin isotropic film of a thermoset-
ting resin that contains in situ-expandable thermo-
plastic particles that .contains an essentially uniform
density and thickness across the breadth of the film.
In this embodiment, pressure built up in the interior
20 of the film during curing causes the film to expand.
The invention contemplates placing such a f£ilm in con-
tact with a debossing stamp containing a replicative
printed circuit pattern and heating the film at a tem-
perature ~that causes the in situ-expandable thermo-
25 plastic particles to expand into the debossing stamp
surface to generate a debossed pattern in the expanded

film. .

The term “isotropic” means, in the context of this
iﬁvention, a material possessihg-essentially the same
3 .30 ‘electrical. and physical properties in all directions
. (e.g., %, y and z) through it. This is to be con-
'trast.ed with fabric reinforced prepregs. Such
pfepregs are anisotropic. Théy exhibit several ‘times
‘differences in properties between the x, y and z di-



lar to a state of gelation, over conditions |eading to cure, that
satisfy commercial conditions. 30 The average thickness is preferably
fromabout 1 to about 250 m|s (about 0.00254 cmto about 0.635 cn).
The invention relates also to the use of a thin _ | sotropic
thernmosetting resin filmwth the netal foil | ayer that is amenable
to being. subjWR¥57 t he de- V\? 96/ 40507 PCT/US96/09705 30
PCT/ US96/ 09705 bossi ng procedure t g\t inparts a printed circuit
pat - tern thereon. These thin isotropic thernosetting

resin filns avoid réetbéws ener it taGtEotetthisenfivéstion, thedffidis do
ani sotropic fabric ed wi,th

epreg. .. This.can be ef- 5 f.ec m ni gl
| oss of debossnent™ {ec ’é&&ﬁtf o?igfe?ence@/eﬁf’uaﬂ?/cge’ﬁ@ﬁ'at?Wé f%r}rﬁr%d
circuit board thatprsperties hjewoird bhaftTEO% twredmh dimectdonf orm ng a tool
usef ul in eff ' S C€, . he thin i.so-_ __
tropi c thernosetti ngef%és% %??rﬁ?%?lé%%g{% h%gértg?loese% n Ez?ﬁ%& tsyysof
bei ng-preci sPon noteres that canded wsed to produas a ity ploabilenpaite-ur e,
such as tenperat ur ggyéS thermoset i Srd OO ELIREr AlRY® deiabadl, CTdd ey W LN

superior du- plication o pattern. e“invention also
cont enpl at es assocPht pghwfilmgsare employsd imySynspand® mandsdyngaze®,i | m

of a thernoset-  expanddd®by 'ﬁanfdas‘iecem%néhéefﬂé Lsa@wiggiee_delw -

pl astic particles that_contains an essentially uniform . density and
t hi ckness across tHer rRERRTRGON-he Bowpifer, anothen ofia spAsidlnembset

pressure builbt up éf sbehiat eebi SPstem Ofs tAerhih M Wi dia € WHdMSHRMSES

con- Lot i 4% TREILP Shalo deoARaAPHS o bpie Mumiscted to | |

printed circuit paatedebossihdeptoceivree fHdtmaipAnitema printelelaiintid t hat

causes the 1 n ol L SRPANIBLE LI TR it QulBRLERLES o B

i nto the debossi ng stanp
cient of thermal expansion (“CTE”) between the copper

15 deposited thereon that could result in cracks in
grooves, sockets, pads, etc. Such a resin film should
be capable of effecting debossment precision suffi-
cient  to eventually generate a PB or for forming a
- tool wuseful in effecting the debossment procedure

20 leading to the PB. The thin thermosetting resin film
should have the capacity of being precision debossed,
e.g., stamped, with a tool at a relatively low tem-
perature, such as temperatures as low as room tempera-
ture (~23.5°C.), with superior duplication of the pat-

25 tern. It is particularly desirable that the thin
thermosetting resin film be amenable to a stamping
procedure that debosses a grooved printed circuit pat-
tern thereon with minimal loss of debossment precision
of the grooved pattern. The f£ilm should be capable of

30 retaining the debossed pattern and the grooving
through a cure cycle without flow out within the 'pat-
tern, to produce a thermoset (i.e., cured) resin £film
that is employable for making a printed circuit board.



surface to generate a debossed pattern in the expanded film

The term"isotropic" neans, in the context of this I nvention, a
mat eri al possessing essentially the sanme 30 el ectrical and physical
properties. in all directions (e.g., X, y and z) through it. This is
to be con-. trasted with fabric reinforced prepregs. ~Such

prepregs are awo9e0esepi c. They exhi bit severagl times differ eocesosoa7os
properties between the x, y and z di- WO 96/ 40507
31 PCT/ US96/ 09705 rections. 1In the case of this

invention, the filnms 08 the othét haxhibithe dthifr aneemoselting edlesinal
and physi cal

t b h
There are nany cor‘rﬁég’ﬁo %ryt ;"?g?snﬁ ???ﬁ@‘s ggl r??qus ln@/ Qﬁ? ﬁflt’gﬁﬁ? &84 be
used to produce a thwvbtpes adf ea afénmle tool, asvdefhneadirmxte,ng:d@m Bilm |
F | e, | S err] an
S%cg)r(gpe)r?] , Certamalgxﬁgﬁﬁéﬁa%fgrgx%%nﬂg%l Hemot%:t zgqrre%sﬁo %a*@g‘[i“ﬁ Dex-
ter Cor por at i.":o_n. I—bweva%tapemoahdr sifampedpeei i aub?s@:bl,lOsubJeétmhtaer esin
SyStemis  thin SELIAPLE tARPEPSEhres spresdieh® 14 Hignl IBubHako! 3

anenabl e to being ed to ebossi ng procedure t |npr|nts a
printed circuit the paﬂ-@r n(QMf:eorb}w edationeat ingipd entut @edatdon

cof fi - Ci enywg % cﬁf"ﬂa OE'ufé)CTﬁﬁlfem’e‘éBnEQEtCQ{EEﬁr the
deposi ted thereon cou In gr ooves,
sockets, pads, et ct°9hch té?elrébh’n ﬁﬁ’ﬂi@ﬁs toupdrface thpgeefipss remlisntect ing

debossrent AreCi Si eReSHafle- or femald SfHadel ¥ ephdakbyapensramaia Bgrar for
formng a tooI useful in effecting the debossnent procedure 20

| eading to the PB. fagfe 2% the HaAshHIaN Pﬁg r 48j Ehis| manner, the&ilm rive
the capacity of bethe ArRention dabossgdertible iftd. a Shalgedr Wemala t ool

?E) o% ,[ errgélr\elfl y OWotof n%oﬁ: making egaggrgy agggssaisngt earut)oetrhaetrurfeslma%alvg\avgas
the same or similar composition, or the film can be
15 used as a PB substrate.

The elements of the essentially nonconductive ther-
mosetting resin f£film is that it is shapable. It has a
thin uniform thickness. It contains a thermosetting
resin that advances to a cured state without forming a

20 significant volatile byproduct that will affect the
quality of the cured film. It contains one or more
flow control components that allows the film to be
molded without edge flow constraints,! provides low
flow of the film over a broad temperaﬁ:ure range and

25 retains a debossed image during debossment up to and
" through cure of the £ilm. The film advances, under
conditions leading to cure of the thermosetting resin,
to 'a state of gelation (see IPC-TM-650 Method 2.3.18)
or a condz.t:.on that gives physical properties similar

30 ) to the state of gelation (i.e., incipient gelation) at
temperatures as low as about 20°C. ‘to about 250°C., in

! This 'is' to be cortrasted with a conventional epoxy resin glass
fiber fabric prepreg which on lamination results in flow of
__ resin through the edges.



ture (-23.5[err]C.), with superior duplication of the pat- 25 tern.

It is particularly desirable that the thin . thernpsetting resin
filmbe anenable to a stanping procedure that debosses a grooved
printed circuit pat- tern thereon with mniml |oss of debossnent
preci si on of the grooved pattern. The film should be capable of 30
retaining theVO€#s8ked pattern and the gagrooving POTAISOEMIZOSC UT €
cycle without flow out within the pat- tern, to produce a thernoset
(i.e., cured) resin film that is enployable for nmaking a printed

circuit board. less thai0aB644050days and more than 133econd. Last
PCT/ US96/ 09705

On_t he ot h hin t ' i
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set - t Fe resithe( Eeguj-rwfgfeﬂ aﬂ @ PBi.nci pi ent gel ation
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fixing a surface thereof to replicate 10 the male or fenmal e i mage of the

femal e or mal e surable, essentdaldy ; RenearauGEive)c thegmpgpEtingnetesihe

film of - t he g imentd Ofet 81 CpNUeablE! Qridt e el etor & eﬂaﬁ@uctive

tool for maki ng a PB_by debossing another film havi
simlar conpositioffet BX EREmS i | B R Hee R, tﬁ?eﬁlgg ésPBeE%:Lsﬂ'

The el enent 9.0of thenasadnésﬂ#é:yy Nsoredabiiec ttov met BRI foil thammtbagzseﬁsl n
filmis that it is

thin.unifo t
contains a ther m)sef't %ﬁﬁ It“—"k."'ngr 82 A Fﬁgf“péa%aﬁ%%%a?o azr %94;055%1?&%% hout
formng a 20 .Si gonfluctive v @atthviay bopr dthect stampedi ldndaf feredt heesin
quality of the cur? Il m It contains one or nore - flow control
oWs

conponents that al “the filmto be
. The Thermosetting Resin

15 The typical thermosetting resin is an A-stage
resin. In some cases, it may be desirable to utilize
a B-stage resin but in the typical case, such is done
in combination with.an A-stage resin. Such B-stage
- resin will affect the viscosity of the resin formula-
20 tion but they are typically not relied on to achieve
the level of thickening for the most effective opera-'
tion of the invention.

Epoxy systems curing in the range from 150°-400°F.
(65.5°-204.4°C.) are common matrix. res.ins for making
25 thin film thermosetting resin products including the
products of this invention. Matrix resin of bis-
maleimide (BMI), phenolic, polyester, PMR-15 poly-
imide, cyanate ester resins and acetylene terminated
resins may also be used. The most widely used matrix
30 resins are the epoxy resins, and a wide variety are
suitable for use in the practice of this invention.

Illustrative of such epbxy resins are the following:



mol ded wi t hout edge flow constraints,” provides | ow flow of the film
over a broad tenperature range and 25 retains a debossed i mage during
debossnment up to and t hrough cure of the film The fil m advances,
under conditions leading to cure of the thernpsetting resin, to
a state of gelation (see | PC-TM 650 Method 2. 3.18) or a condition

t hat gi ves phywo®sMoesor operties simlar 30 to the state of pgEiUSH/0970S
(i.e., incipient gelation) at : tenperatsdr es as |low as about 20[err]C
to about 250[err]C.; in " [err] This is to be contrasted with a
conventi onal epoxy resin gl 35S f| bgr fpbric pr
| am nation results in fl o’ Sy Ay ough t
96/ 40507 &
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pl atabl e 10 and adhegh.ye
in the maki ng of a stanplng creating a conducti ve

pat hway on the stanpe nd cur.ed re5| n The her nosetti ng
Resin 15 The W age
resin. In some cases, it Itablg to ut|I|z B—stage resin

but in the typical case ch |s done
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The epoxy resins may be-modified up to 95 weight-
5 percent by including in the resin formulation bis-aryl
cyanate esters, such as those of the formula:

Ry X Ry
NCOK)/ ; ;ocN
: R, R,
wherein X is a bisphenol linkage and Ry,2,3 and 4 are ring

.substituents such as hydrogen, alkyl, aryl, and the
10 . like. Illustrative compounds are: ‘



i'n conbination with an A-stage resin. Such B-stage resin will

affect the viscosity of the resin fornula- 20 tion but they are
typically not relied on to achieve the |l evel of thickening for the
nost effective opera- tion of the invention. Epoxy systens

curing in the range from 150[err]-400[err]F. _
(65.5[err]-20WQ964p507C. ) are conmon matri x gesins for maki ngpe¥US9s/ovios n

filmthernosetting resin products includingthe products of this
i nventi on. Matrix resin of bis- - el ei mde (BM), phenolic,
pol yester, PMR-15 poly- i mde, cyanate ester_resins and acetyl ene
term nat ed resi ns may sed é;gzgf ely used matrix 30
resins are the epoxy resing, yvari re ocy SuUi tabl e for use
in the practice of this |nvent|on IIIustr» ¢e of such epoxy resins
are the foll ow ng: W0, 96/ 4050 34
PCT/ US96/ 09705 [err] O @ |

* OCN N OCN

Another preferred resin is one that is totally the re-
action product of one or more of the bis-aryl cyanate
esters. '
5 Catalysts and Hardeners
The epoxy resin systems contain epoxy curing agents
to form solid, infusible products. For this purpose,
epoxy curing agents that are acidic, neutral or alka-
line may be used. Examples include, amoﬁg others,
10 amines hardeners, phenols, acid anhydrides, polyamides
and Lewis acids and bases. Desirably, the epoxy res-
ins of the invention are combined with hardenérs that
cure the resin to a thermoset condition. The pre-
ferred hardeners are amine compounds, ranging from di-
15 cyandiamide, to wureas, to aliphatic and aromatic

amines. Preferred are the aromatic amines encompassed

n}@

wherein Q is one or more of a divalent group such as -
20 ° S0;~, -0-, <-R.,RyC-, -NH-,CO-, -CONH-, -OCONH-, and the
like, Ra and Rb may each independently be one or more of -

by the formula:

- hydrogen, phenyl, alkyl of 1 to about 4 carbon atoms,
alkenyl of 2 to about 4 carbon atoms, fluorine, cy-
cloalkyl of 3 to about 8 carbon atoms, and the like, x



The epoxy resins may be nodified up to 95 weight 5 percent by inbluding

in the resin formul ation bis-aryl cyanate esters, such as thase of the
formul a: [err] wherein X is a bisphenol |inkage
and R[err] are ring substituents such as hydrogen, alkyl, aryl, and
the 10 like. [Illustrative conpounds are: WO 96/ 40507

35 WO 96/40807/ US96/ 09705 36 PCT/US96/09705

may be 0 or 1, vy may be 0 or 1 and is 1 when x is 1,
and z may be 0 or a positive integer, typically not
greater than about 5.

Another preferred class of hardeners are the ali-

5 phatic amines such as the alkyleneamines. Illustrative
of suitable alkyleneamines are the following:
monoethanolamine, ethylenediamine, N-(2-
aminoethyl)ethanolamine, diethylenetriamine,
piperazine, N-(2-aminoethyl)piperazine, triethyle-'

10 netetramine, teﬁraethylenepentamine, pentaethylenehex-
amine, diaminoethylpiperazine, piperazinocethylethyle-
nediamine, 4-aminoethyltriethylenetetramine, tetraeth-
ylenepentamine, aminoethylpiperazinoethyléthyl-
enediamine, piperazinoethyldiethylenetriamine, and the

15 like.

Another class of hardeners, which can also be used
as extender of the epoxy resin, are the higher molecu- '
lar weight..poly(oxyalkylene)poiyamines such as those
of the following formulas:

20
CH, CH,
H,;NCHCH,{OCH,CH) NH, where v is 240
. o s y ?H’ wheve a+c is about 2
ICHCH,(OCH,CH),(OC!
HN L Hz. L{OCH, cHz).(O':HchmHz_ and b is 846
CH, -
?mgmmpmym ‘
CH,CH,TH,(OCHzZ::ﬁH, where x, y and z range from 240 |
CH,{OCH,CH),NH,
CH,
S s |
. H;NCHCH,{OCH,CH), NH(O CH,CH),NH, where med is about 82:88.

Prefer;ed hardeners are diamines of the formula:



[ferr] Anot her preferred resin is one that is totally the re-

action product of one or nore of the bis-aryl cyanate esters. 5
Cat al ysts and Har deners ' The epoxy resin systens contain epoxy
curing agents to formsolid, infusible products. For this purpose,
epoxy curing agents that are acidic, neutral or alka- line my be
used. Exanplvea 9é/40sé7ude, anong ot hers, 10 am nes har deneepusssnons! s,
aci d anhydri des, pol yam des and Lew s3cids and bases. Desirably,

t he epoxy res- ins of the invention are conbined with hardeners that
cure the resin to a thernoset c ttiQn The pre- ferred hardeners
are am ne conpounds, ranging f dj,z STingya jde, to wureas, to
al i phatic and aromatic am nes. Prefer

aré tthe aromatic ani nes
g ‘ [err]

. enconpassed by the fornmul \
wherein Qis one or nore of a.QJ:E:E;hn & I P

-Rlerr]Rerr]CG, -NH,CO, -CONH, [ OCOMk (Jlike, Ra and Rb

may each independently be one or Py p ~mhenyl , al kyl of 1

to about 4 carbon atons, &l KenyT 2N O d~ear bon at ons,

fluorine, cy- cloal kyl of 3 to 4l , and the like, X

sgerr]-, -0,

The hérdener may be a monoamine such as aniline,

para-aminophenol, and alkylated versions of them.

Other desirable hardeners are the reaction products of

5 dialkylamines, such as dimethylamine, diethylamine,

methylethylamine, di-n—propylamine; and the like, with

a variety of mono and'diisocyanates to form mono and

diureas. Any of the polyisocyanates listed below may

be so reacted for use as a hardener. Specific illus-~

10 tration of useful hardeners are those encompassed by
ﬁhe following formulas. and descriptions:

c Ra;gwll/ﬂﬁz ! Raa@/m]!uk,.

NR,

mﬂ:‘:@’_ ﬁ:{

wherein Ry is a monovalent group; Rx is alkyl, halo,
alkoxy, and the like; R: is methylene, isopropylidene,
15 ethylidene, or a covalent bond; and s is 0-4.
Preferred urea hardeners are those that are the re-
action products of dimethylamine with mixtures of 80%
2,4;toly1ene diisocyanate and 20% 2,6-tolylene diiso-
cyanate, polymeric isocyanate, . p-
20 chloropheﬁylisocyanate, 3,4-dichlorophenyl- isocyanate
or phenylisocyanate. '
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may be O or 1, vy may be O or 1 and is 1 when x is 1, and z may be 0
or a positive integer, typically not greater than about 5.

Anot her preferred class of hardeners are the ali- 5 phatic am nes such
as the al kyl eneam nes. Illustrative of suitable al kyl eneam nes are

t he foll ow ng: WO96/40507 npnoet hanol am ne, et h)gsenedl am ne, N- ( PCT/US96/09705

am noet hyl ) et hanol am ne, diethyl enetri am ne, pi perazine,

N (2- am noet hyl ) pi perazine, triethyle- 10 net et ram ne,

tetraet hyl enepent am nm:caﬁai:ae&fwl ﬂﬂ?hﬁ&so be usédi Bid include imida-
di am noet hyl pi per azi I_ani ne

4- ani noet hyl tri et hy g‘%@t razbrslgggﬂ\{ag reas. Ei)faé‘ﬁ’g‘ﬁ 8nt ARFhRde  2-

am noet hyl pi per azi mwnyuembymylimidazolened|aam nep-chlorophenyl-1, 1-

pi per azi noet hyl di etdhl\)';iﬁ%gl 5_ m ne, and the 15 li ke. Anot her

cl ass of hardeners ¥*c8h°% so be used - as extender of the epoxy

resin, are tte higher Thel eampunt of the \bairgenepolsnfpboyedkyiena)gmbianm nes

h th ' | as: T (]
VN BRIRS | caeTbnb e LU S SIS B anine oropp 48
H er r ] NCHCH] er r | ( OoMyegrpar)) fir Eh¢ Oopgbrys] If the epoxide is a triepox-
CH err])[err] (OCH ggel GHNl ehel Nﬂk&éﬁ%@@rf 8iémide,ANGH¥n 2he molar ra-

d bis 8-
?:Ir-ll[erri ?OCH[err] CH)‘"F-@r ,qu[;yqlqner to epoxide would typically be about

CH err] CH eryd CCH[ er.sl0G4 eordﬁ*)[@rri:ﬂb-{ﬁr ] formulation would hh®é&lla
where x, y and z range from 2

CH[err](OCH[err]CHVF g fNHF@FP]°f epoxy resin to hardGHFErPF about 3/2
[err] idoe rablohdiiCH[/ar. r | (Whiehiiee ranyCrhf etEHd Nhl(:ﬁaeners serve pri-

O o0 Lo L Rl M Eelithah P08 % Spoxsde restn, PhERSTE

amount of the hardener in the typical case will be

15 less than that generally employed for hardéning the
epoxide. Mixtures of the above hardeners and with
other hardeners are wifhin the ‘contemplation of this
invention.

Other Useful Resins )

20 As noted above, other reactive resin systems include
the various thermosetting or thermosetting resins in-
clude the bismaleimide (BMI), phenolic, polyester
(especially the unsaturated polyester resins typically

- used in SMC production), PMR-15 polyimide, bis-aryl cy-

.25 anate esters and acetylene terminated resins are also

- suitable. '
A particularly desirable resin for this application
f.is the vinyl ester resin. This class of resin is based
on the reaqtion of unsaturated carboxylic acids and ep-

'30'_ oxy“resins 0r epoxy compounds. Illustrative reactants

" . in forming the vinyl esters are the following:



WD 96/ 40507 PCT/ US96/.09705 [err]
The hardener may be a nonoam ne such as aniline, par a- am nophenol ,
and al kyl ated versions of them Qt her desirable hardeners are the
reaction products of 5 di al kyl am nes, such as dinethyl am ne,

di et hyl am ne, met hyl et hyl am ne, di-n-propylamne, and the like, wth
a variety of rWA86/405e7 di i socyanates to forrrbgono and -~ dipovasssn97odny of
t he pol yi socyanates |isted bel ow may so reacted for use as a

har dener . Specific illus- 10 tration of useful hardeners are those
enconpassed by t Bovdeb:l oW Ng fornul as and descri pt iyRses acus:

[err] - whereiif Rarr] is alnmonayval ent group; R erijuads al kyl,

hal o, al koxy, an Lke; R g net hyl ene, isopropylidene,

ov/*o o’\g\o

In the above formulae, w is a positive value of from
. 5 about 1 to about 20, preferably from about 2 to about
10. '

The #inyl ester resins may be used alone or in combi-

nation with monoethylenically unsaturated monomers, such

.as styrene, o-methylstyrene, m~-methylstyrene, p-

10 methylstyfene, ethylstyrene,  a-vinyl-xylene, -
.chlorostyrene, a-bromostyrene, vinylbenzylchloride, p-
tért.-butylsty;ene, methyl methacrylate, ethyl acrylate,



15 et hyl i dene, or a coval ent bond; and s is 0-4. Preferred urea

hardeners are those that are the re- action products of dinethylam ne
with m-xtures of 80% 2,4-tolylene diisocyanate and 20% 2, 6-tol yl ene
di i so- cyanat e, pol ymeric | socyanat e, p- 20

chl orophenyl i socyanate, 3, 4-dichlorophenyl- isocyanate . or

phenyl i socyanawe 96/40507 WO 96/ 40507 38cTusvsngros

PCT/ US96/ 09705 Accel erators may4gl so be used and i1 nclude i mda-
zoles and substituted ureas. Exanpl es include 2-

et hyl - 4-met hyl i m dgzep a&éylaeechlsaﬁcgmhesaﬂﬂ;te, lbutyl metﬁats{fmxle ur €a.

5 The anount )F t he hard
stoi chi ometric on Pﬁ%p%]as?"gt}d?c r@‘tg)ﬁodge%@c 6ate, la}/’réﬂ(y &Gdtp in
the resin. If the 2pbei d& + setthytlr |h£|m acrylate,i dthyldmbbRradteyliaregr and a
di am ne, then the g]i%aii]{eg- tio of. hardener to epoxi de woul d

5/3 or

typically be about 0. 83. A typical formulation woul d have
a wei ght ratio of epoxy resin to hardener of about 3/2

about 4/1. \Were any of tke ha ers serve pr|- urll

extenders of the ep@‘%{ Y/ ; u

the typical case wll "be Iy a1 Hrat gene

har deni ng t he epoxi de. 't ur es of

t he abo hard ner and W th

In I’ltl on

O her Useful Resinsc - X T ] :
I ncl ude t he vari oudtis S i ngé of thernoset®i ng° S+Re° | n-

clude the bisnalei mc e, ( pol yest o 0 (wspecially

t he unsaturated pol yes u§%{ﬂi n SMC production),
PMR- 15 pol yi mi de, bis-aryM ahd t er m nat ed
resins are al so 0

ot her hardeners areﬁiﬁthlnthe Lontgenpl at'on of -thig
15

5 diethylene glycol dimethacrylate, 1,4~-divinylbenzene,
and the like. In the above, n is 0 or 1. '

A number of vinyl ester resins require the use o.f
solvents such as methyl ethyl ketone, acetone, toluene,
and the like.

10 The vinyl esters may. be .cur'ed by any free radical
- mechanism, such as by photoinitiation and/or by use of
peroxidic compounds. A photoinitia'tor may be included

in the formulation, as an optional ingredient. Light-

' initiated curing of the vinyllester alone or with other



sui t abl e.

I's the vinyl

A particularly desirable resin for this application
ester resin. This class of resin is based on the

reacti on of unsaturated carboxylic acids and ep- 30 o0xy resins or epoxy

c¢onpounds. IIlustrative reactants in formng the vinyl esters are
the fol |l ow ng: WO 96/ 40507 '
PCT/ US96/ 097 0% 96/40507 : 39 HCIN0Y96/09705

Typical of the vinyl esters are the follow ng:

10

41

polymerizable materials involves photosensitization of
light-sensitive compounds by ultraviolet or visible light, which,
in turn, initiates polymerization of the resin materials. The
photoinitiator may comprise a combination of a photosensitive
ketone and a tertiary amine. Typical photosensitive ketones
include brenzophenone, acetophenone, thioxanthen-9-one,
9-fluorenone, anthraguinone, 4'-methoxyacetophenone,
diethoxyacetophenone, biacetyl, 2,3-pentadione, benzyl,
4,4'-methoxybenzil, 4,4'-oxidibenzil, and 2,3-bornadione (dl
camphroguinone) . Typical tertiary amines include
ethyl-4~dimethyl amino benzoate, ethyl-z—dimethyi amino benzoate,
4,4'-bis(dimethylamino) benzophenone, N-methyldiethanolamine, and
dimethylaminobenzaldehyde. Any of the known photosensitizing
system that can function effectively when exposed to light may
substitute. for the above-named compounds or combinations. The
amount of the photoinitiator should be sufficient to initiate
polymerization in a selected resin and complete it in depth

_within about half a minute when the resin composition is exposed

to a visible-light output of at least 5,000 foot candles. In
addition, any known free—radical scavenger (anti-oxidants) such
as butylated hydroxytoluene can be used to scavenge small amounts
of free radicals generated during extended.shelf storage.

The curing of the vinyl ester is primarily effected by a
thermal initiator, which is a typical thermal curing agent known
in the art. Illustrative of these are benzoyl peroxide, dicumyl
peroxide, methyl ethyl ketone peroxide, ditertiary butyl
peroxide, tertiary butyl hydroperoxide, tertiafy. butyl
perbenzoate, Luperox 118 (sold by Wallace and Tiernan, Lucidol
Division, 1740 Military Road, Buffalo, NY 14240), cumene
hydroperoxide, or other suitable peroxides may initiate
polymerization of the polymerizable ethylenically unsaturated
components of the primary coating. For example, Benzoyl peroxide
may be used together with 2-hydroxyethyl-p-toluidine. It is
common to combine metal salts such as metal naphthenates, e.g.,

. cobalt naphthenate, and the like, with tertiary amines, .such as

dimethyl aniline, with the peroxidic catalyst.

SUBSTIUTE SREET (RULE 26)



I'n the above forrmulae, wis a positive value of from5 about 1 to about

20, preferably fromabout 2 to about 10. The vinyl ester
resins may be used al one or in conbi- nati on wi th nonoethylenically
unsat urat ed nononers, such as styrene, o- et hyl styrene,

m net hyl styrene, p- 10 met hyl styrene, et hyl styrene,

a- vi nyl - xyl enéW096/4456T r | - chl orostyrene, [err]-bronpstyr enepcruss6n97os

vi nyl benzyl chl ori de, p- tert.-butyl styrene, nmethyl methacrylate, ethyl
acryl ate, WO 96/ 40507 40 :

PCT/ US96/ 09705 propyl acrylate, hgtyl acrylate, butyl

net hacryl at e, propyl nethacrylate, butyl nethacrylate, lauryl acry-

late, 2 - ethyl hepyd aGWhd! Cof CLAEa1PRIE2ELY e that ar¥udt XEnat
Lerr] facilitates the cure within less than ten hours at a temperature
greater than 25°C. Generally, the catalyst system will be less
than about 10 weight percent of the resin formulation. As a
5 rule, the catalyst system will range from about 0.1 to about 8
weight percent of the resin formulation.
Thickening
As noted above, thickening of the resin in forming the film
involves the combination in the resin formulation of —
10 i) one or more electronic grade filler;
ii) a thermoplastic resin that is soluble or partially
soluble in the thermosetting resin;
iii) an elastomer-type polymer that provide discrete
. elastomer phases (second phases) in the thermosetting resin
15 matrix; .
' iv) a thixotrope; and
v) a mixture of two or more of i), ii), iii) and iv).
Illustrative of suitable electronic grade fillers are
aluminum oxides including alumina trihydrate, coated aluminum
20 nitrate, silicon carbide, diamond, ground cured fiber reinforced
thermoset resin, as well as a variety of thermoplastic and
thermosetting fibers. The thermoplastic polymer used in forming
these fibers may be made from condensation type polymers,
suqh as nylon-6,6; nylon-6; 'nylon-4,6; polyester from




5 di et hyl ene

t ol uene,

free radical _ _
peroxi di c conYOeH48507 A photoinitiator may,be included PCT/US96/b0205

f ormul ati on,

t he vinyl

ester

10

15

20

25

gl ycol dinethacrylate, 1, 4-divinylbenzene, ~and the
like. In the above, nis 0 or 1. A nunber of vinyl ester resins
require the use of sol vents such as nethyl et-hyl ketone, acetone,

and the like. 10 The vinyl esters may be cured by any
mechani sm such as by photoinitiation and/or by use of

as an optional ingredient. Light- initiated curing of
alone or with other

polyethylene terephthalate; Kevlar™ polyaramide; poly~
carbonates (viz., poly (2,2-bis (1.4-oxyphenyl) pro-
pane carbonate)); polyarylates (viz., ©poly (2,2-
bis(1.4-oxyphenyl) propane terephthalate); polyimides;
polyetherimides, such as Ultem™ 2; polysulfones (see
U.S. Patents No. 4,175,175 and 4,108,837), such as
Udel™ and Radel™ A-400%; the polyethersulfones (see
U.S. Patents Nos. 4,008,203, 4,175,175 and 4,108,837),
such as Victrex™ % polyarylsulfones; polyaryla-
mideimides, such as Torlon™ 5; and the acrylics and
modacrylic fibers; and the 1like. The thermoplastic
polymer used in providing the thermoplastic polymer
may also be made from .condensation type polymers used
in forming the film, such as nylon-6,6; nylon-6; ny-
lon-4,6; polyester from polyethylene teréphthalate;
Kevlar™ polyaramide; polycarbonates (viz., poly (2,2-
bis (1.4-oxyphenyl) propane carbonate)); polyarylates
(viz., poly (2,2-bis(1.4-oxyphenyl) propane tefephtha—
late); polyimides; polyetherimides, such as Ultem™;
polysulfones (see U.S. Patents No. 4,175,175 and
4,108,837), such as Udel™ and Radel™ A-400; the poly-
ethersulfones (see U.s. Patents Nos. 4,008,203,
4,175,175 and 4,108,837), such as Victrex™; polyaryl-
sulfones; ‘polyarylamideimides, such as Torlon™; and
the like. '

A particularly preferred class of thermoplastic
polymer for providing toughening and as a flow control

2 Available from General Electric Company, Plastics Business

Group, Pittsfield, MA.
3 Manufactured by Amoco Performance Products Inc.
* Available from ICI Advanced Materials, Wilmington, DE 19897
$.Available from Amoco Chemical Company, Chicago, Ill.



WO 96/ 40507 PCT/ US96/ 09705

41 pol yneri zabl e materi als invol ves photosensitization of

| i ght-sensitive conpounds by ultraviolet or visible |ight, which, in
furn, initiates polynerization of the resin materials. The

photoinitiator may conprise a conbination of a photosensitive 5 ketone and

a tertiary amwe96/405¢% cal phot osensitive ketgnes i ncl ude BCEUSHS/HMOS0Ne, -
acet ophenone, - t hi oxant hen- 9- one, 9-fl uor €fone, ant hraqui none,

4' - met hoxyacet ophenone, di et hoxyacet ophenone, biacetyl, 2, 3-pentadi one,

benzyl, 4,4' - rretahaxmenzwe ﬂhé‘rm&&@td:'z.h@nZz'ésa.nari@rﬁmiabﬂbﬂédhQBeﬁh@ 10
canphrqu|none) i cal t nes i nclude

et hyl - 4- di net hyl aPPIJréf“\ég % étﬁ%ﬁ f?rﬂ}‘\%t hyl ami no benzoate,

4, 4" - bi s(di met hyl am no) benzophenoge, N nethyl di etanol am ne, and

di met hyl am nobenzal dehyde. Any of {he known photos¢nsiti zi ng systen1that

can function effectively @fgn eapo ed tcbl i ght @ay{l1l5 sQbstit ueRfpr the

above- naned conpounds or énab ﬁ uBix of thF. R3hot oi ni ti at or
shoul d be sufficient to init ate™N pbﬂ [ nNa sz ected resin an
conplete it in depth mnthl ﬁ t hhlf a nanUe mhen tHe resin

conposition is exposed to a VISIb|e | i ght out puin of at |east 5,000 foot

candles. In 20 addition, any known free-radi cal scavenger (anti-oxidants)
such as butyl at ¥BeKgiR ox\anRst e rRre A2 be Lus8dOT 036 cAVER AL kAt dmodnt s

of free radicals gﬁﬁe%ahﬁéaﬂéht”Br@éﬁf@dﬁﬁdﬁéﬁifcéﬁﬂyfﬂﬁﬁg at leastRSio
curing of the vinyl ester is ily effe hermal 1nitiator,

which is a tfblcalcPHEPﬁaPtE%$lhﬁ Hﬁéﬁ? Fh%wﬂ' 5ar?rpqqﬁ?¢u§° 9iffanent; i ve
of these are benzoxsbraeﬁomdﬁxs dd>:§UIX¥| R iBeraxi dm% L ﬁ@l?¥ht€é£t®3ﬁ
uty

Portiary butyl  PRAVBLKYLER® S MBETELE (5ol 4 by WAl | ace and Ti er nan
Luci dol Di vi si om, 1-317540 dllilphladt Rpa(dyeBUéi- alps N Jﬁd.’ﬂﬁé)ste&unmfe 30
hydr oper oxi de, or oth uita per i.Ni Nerization
of the polynerizable ?ﬁ?ﬁl ?&P}yaﬂ s?ﬁ‘u? t"c 88%81%}‘&‘2 ‘%G'rqa’hé’rplai mary
coating. ForlGexanpl e,pcﬂa{mblpetonedpolyohapﬂde used together with
e Sl il S oY, L S Bty
tertiary am nes, sucleentains on average greater than three carbon atoms
| and not greater then five carbon atoms, and
_ R® is an organic aromatic containing group in which the
15 OH and N bonded to the R° group is bonded directly to
different aromatic carbon atoms. Synergistic
combinations of the polymer of formula (I) and other
toughener polymers are useful in - improving the
toughening properties of the thermosetting- resin
20 formulations for making printed circuit board
| composites.

This invention includes the use in the thin film
thermosetting resin formulation of a miscible or
partially miscible linear polyurethane polymer

25 containing phenolic "hydroxyl functionality for
" reaction with a thermosetting resin comprising
e a linear ©polyurethane of <recurring |units
containing linear -ester or ether moieties or a
combination of ester and ether moieties



dimet hyl aniline, with the peroxidic catalyst. WD 96/ 40507
PCT/ US96/ 09705 42 The amount of
catalyst is typically that anount that facilitates the cure within | ess
than ten hours at a tenperature greater than 25[err]C. Generally, the
catal yst systemw || be |ess t han about 10 wei ght percent of the resin
formul ati on. Mo esidosorul e, the catal yst systemw || range froPCEUSISIOIDS]L to
about 8 wei ght percent of the resin for ation. Thi ckeni ng

As noted above, thickening of the resinin formng the film i nvol ves the
conmbi nation in the regi t ) I ronic
grade filler; d Qﬁhl%mﬁl!'é'?rriﬁ a]g%?%de}gg'lhﬁoy h ul%l&é}[ [)q:‘%%g% an
partially sol e:bluetJ-MOt he bpndedoseplhﬁngl#em nhydroxyl‘c¢nﬂi)lmg

el ast omer - type pol yner ttlgq;nlgggv? gdscrete el ast oner phases
(second phases) in the thermpsetfing resin 15 mat ri x; V)

t hi xot r ope; and Thegs é‘-%eﬁfurﬁpjfﬂ“’%waé‘re npPeghangr) Ppiymersi )maéhd

iv). . 5/ | | ustbath¥R OhrHedd AdehdieCigheniol igr Aal9dbbkyB+Sofining
al um num oxi des i ncl udi ng alum na tri g ydrate, coated alum num 20 nitrate,

silicon carbide, dfgFBLEALFERHRF OF &8 £8EM3}27 nf or ced t her noset resin,

as well as a variety of therm)pl astic and t heynosetting fibers. The

t her nopl astic polynmer used in fofmng these fibers may be made from

condensati on type pol spich nyl an- 6]6; 0Oyl on- 6{OHNYI on- 4,.4;

pol yest er fro)r/nIo P yml);é JOL _x j]i y/IL 1x / L W c1§
TN oRe”

H H H H

NN
H H

wherein a and b are each 1, 2 or 3, n is at 1least 1,
each X is a divalent organic radical containing at
least two carbon atoms in which the N’s are bonded to

10 different carbon atoms of X, R is an aliphatic

polyester or polyalkylene oxide wherein

¢ the aliphatic polyester is a polyester of an
alkylene diol and an aliphatic carboxylic acid, or a
polycaprolactone polyol, and '

15 e the alkylene group of the polyalkylene ' oxide
contains on average greater than three carbon atoms
and not greater than five carbon atoms, and

R® is an organic aromatic containing group in which the
~OH and N bonded to the R° group are bonded directly to

20 different carbon atoms and the OH is bonded directly

to an aromatic carbon atom. An improved version of
the polymer of formula (I) is the polymer of formula
(II). '

(O\H)a
R.\




WO 96/ 40507 43 PCT/ US96/ 09705
pol yet hyl ene terephthal ate; Kevlar[err] polyaram de; poly-

carbonates (viz., poly (2,2-bis (1.4-oxyphenyl) pro- pane
carbonate)); polyarylates (viz., poly (2,2- bi s(1. 4- oxyphenyl)
propane terephthal ate); polyimdes; 5 pol yet heri m des, such as
Utenferr],; powpakésones (see U S. tents No. 4, 17Ppctiisocddos
4,108, 837), such as Udel [err] and Ra [err] A-4003; the

pol yet her sul fones (see U. S. Patents Nos. 4,008, 203, 4,175,175 and
4,108, 837), wHEdRinAS aWdChr g¥kesrdr 1 Joqi'yairsvlrﬁ;&rtaeaﬁsor RPkyRryta-
10 m dei m des, _ such s Torl o cﬂ["rerr] t he acry |,§s

modacrylic fibers; LntPtf °FT’k§ Q°Ph€FﬁB‘EPa lfbol%ﬂff’erRus%ﬁel n

pr O\él ding the ther rhm:lnngenq miamr halogen may %B@lbeoﬂfl(ie Eéoﬁﬁbout 4
condensation type pol yners use in formng t m s as
nyl on-6, 6; nyl on- 6; a%;"mlSatoms 1oni} & P %fifgﬁ‘g 'Ll?qﬁenﬁol‘iétﬂ?%‘h%a

t er epht hal at €5 () ,Kdaliearc[ae:rhohspﬁbyahﬂohdthe pOH yand bW nat€sbéivded . ap®! y
(2, 2- bis ( p n rb nate) olyaryl at es
(viz., poly (2, 2- bljss?) oxyp enyI 9‘%?0%%% ?i% &erL o | 3f@yatic

pol yi m des; pol yet mﬂhw!degtomuch ad Uhoxer| e:ierq:,raxﬂe emboﬂymerhﬁ ones; 4 see
US Patents edel’Bol G h 37), such as Udel[err] and
Radel [err] A-400; thegh F‘e Eo i o%1etr seulé %ﬁgg_g (see U. S Pat ent s
Nos. 4, 008, 203, 4, 175, 17% and 4, 108, suach as Victrex[err];

pol yaryl - sul f ones; poI yl ani dei m de sucgh as Torlon[err]; and

25 the like. l g pr asof t her nopl astic
goklj(fu t i @_Mﬁ? {1II)

pol yner for provi di @hbn' ,
Avai |l abl e from Gen @ect Hi & /M Pl asttfcs Busv'f'legs G oup,

Pittsfield, MNA 3 Manuf actured by Ampco Performance Products Inc.
In this embodiment, Rgp1 is a divalent organic group and

10 cis 0O or 1. 1In a preferred embodiment of the inven-
tion, with respect to the polymer of formula (I1), =x
and y are each 1, R}, R? R® and R are hydrogen, a and
b are 1 and n has a value such that the weight average

_ molecular weight of the polymer is about 20,000 to

15 about 120 000." Incorporating this preferred embodi-
_ment in formula (III), Rpy is methylene or ¢ is ‘0. 1In
a further preferred embodiment is a polymer having the
formula:

DL OO G 7

20 wherein n has a value such that the weight average mo-
lecular weight of the polymer is about 30,000 to about
110,000 and R is a polyalkylene oxide in which the al-
kylene groups thereof have an average value of about
3.5 to about 4.5 carbon -atoms. A most ‘preferred

25 polyurethane polymer has the formula:



4 Avail able fromICl Advanced Material, WI mngton, DE 19897 5

Avai | abl e from Anoco Chemi cal Conpany, Chicago, |11. WO 96/ 40507
PCT/ US96/ 09705 aid for the thernosetting resin formulations are

t he pol yur et hanes of the forml a: [err]

wherein a and b are each 1, 2 or 3, nis at least 1, X Is a dival ent
organi ¢ radi caWO8@#80Ti ni ng at least two 5 carbon atons i pCcHOs®9I0se N S
are bonded to different ' carbon at oms ¥t X, Ris an aliphatic

pol yester or pol yal kyl ene oxi de wherein [err] the aliphatic
pol yester is a pol yester of -al kyl ene d4ol and an aliphatic
carboxylic acid, on 0§ laprl act one I H oIr] the
al kyl ene group of th : @o &W,Oﬁ ta udlnu [ aggy,
greater than three carbdn ! and noti [ eater tHan* five carbon

atons, and - err] is an organjic aronatic contai ni.ng group in which
the 15 OH and KPBBRLIRG2: B2% 2 Y8 bie |susho dhats thenwedight r average gno-

different aromati geculafbReigh@l@ftthe podyiRrIHst Bbout 35,0600 NS of
the polyner of forl baoﬂ:ﬁ)aﬁgdfott;,(%r[§U tou%hener pol yners _are
useful in inprovirng’ the gheftig Ropret t1easter iy hpreferably
thernosetting resiiréfl 1 dorabowtd i P05 mbpé pEBkePEbly PErBhEdbout! 4CWd
boar d sconpogbggé.,ss’ and most preferably from about 6 to about
42, The terminal hydroxyl groups may be in the ortho,
meta or para positions, preferably in the para posi-
tion.
A preferred polyurethane is one having a moleculai:
10 weight from about 20,000 to about 120,000, preferably
about 30,000 to about 110,000, and most preferably
about 35,000 to about 100,000, formed by the reaction
of a poly-1,4-butylene oxide diol having a molecular
y:eight of from about 650 to about 5,000 with a stoi-
15 chiometric excess of methylene diphenyldiisocyanate
' capped by reaction with o, m or p-amino phenol.
The polyurethane polymer suitable for use in the
thermosetting resin film formulation can be a modifi-
cation such as those made by the following reactions:

20




t hernosetting resin

| i near
functionality
| i near

This invention includes the use in the thin film

foormul ation of a mscible or partially mscible
pol yur et hane pol yner 25 cont ai ni ng phenol i ¢ hydr oxyl
for reaction with a thernosetting resin conprising [err] a

pol yur et hane of recurring units containing linear ester or ether
noi eti es or a WO96/40507 conbi nati on of estfqra and et her noi eCTAS6/09705
WD 96/ 40507 - CT/ US96/ 09705

45 [err] which are interbonded through urethane groups and
[err] uriedo bonded phenol i c hydr oxyl - cont ai ni ng ° t er i nal
gr oups. These I|-ear polyuret-.ne t oughener polyner y 5
contain wuriedo b g _ rm nal
groups of the for wher n are

each 1, 2 or 3,

containing at | east two carbon aldns in mhlch the N s are bonded to

10 different carbon gtonms of X, R is an aliphati
pol yester or polyal kyl Oxiyle whgrein [ e the aI| ; a‘yester
Is a polyester of an | ky ol, anG #anehEmh r box
acid, or a pol ycapr ;JL poriiqi . adq I ziz
x H

These polyurethane polymers are specially capbed

linear polyurethanes formed by the reaction of a

diisocyanate of the formula O=C=N-X-N=C=0 with an
5 alkylene diol of the formula HO-R-OH in the molar
ratio (o-c-N.x-N-cegg . )} Of >1, such that the resulting

polymer equals the value of n as defined above,

followed by the reaction with aminophenolic compounds.

Diisocyanates suitable for wuse in making the

10 polyurethanes include the following:

1 bis (4-isocyanatocyclo-
.'hexyl)methane

1 1,2-diisocyanatoethane
]

1 1,3-diisocyanatopropane

Tl,z—diisocyanatoprqpane

1 1,4-diisocyanatobutane

11,5-diisocyanatopentane

1 1, 6-diisocyanatohexane
1

; bis (3~isocyanatoprop-
i yl)ether

Fb:.s(3-1socyanatopropyl)
I'sulfide

i 1, 7-diisocyanatoheptane

]
1

rl 5-diisocyanato-2, 2~

1 1,6~diisocyanato~3-
'methoxyhexane

Lg&pethylgentane

1 1,8~diisocyanatooctane
)

1 1,5-diisocyanato-2,2, 4~
! trimethypentane

’ _
i 1,9~diisocyanatononane
! .

I
]

1 1,10-disocyanatopropyl) -
. ether of 1,4-butylene
_glycol

11,11~-diisocyanatoundecane

. 12-diisocyanatododecane

| bis (isocyanatohexyl) sul-
I £fide

v

s 4-diisocyanatobenzene

r2 4-dllsocyanatotol¥;ene

12, 6~diisocyanatotolylene

1 1,3-diisocyanato-o-xylene

1 1,3-diisocyanato-m-xylene

1 1,3-diisocyanato-p-xylene
' i

1 2,4-diisocyanato-1~
! chlorobenzene

I .
1 2,4-diisocyanato-1-
. lnitrobenzene

1 2,5-diisocyanato-1-
I nitrobenzene

I S P SR IR SN PRI S I SR SRS S N I




15 [err] the alkylene group of the polyalkylene oxide

contains on average greater than three carbon atons ~and not
greater than five carbon atons, and Rlerr] is an organic aronatic
contai ning group in which the OH and N bonded to the Rlerr] group are
bonded directly to 20 di fferent carbon atons and the OH is bonded
directly W@ 96/48807ar onat i ¢ carbon atom An i nproved ver SpOrnsde/0970s

the polyner of formula (I) is the polyner o8 or mul a (rn).

[err] WO 96/ 40507 PCT/ US96/ 09705

wherein x and y a gj?}ﬁjj;_1%‘11rﬁnnﬁ1mﬁwr £KyH-of——————= rﬁﬁ}1ﬂxhﬁﬂ3
carbon atoms, and r%%&:afigﬂényl%%bﬁhe ?gﬁﬂrlat%r )ihenyletﬂggé ogen, '
nitro, halogen or I hehviRe PO na T~

e

preferred enbodi mb ﬁ

N are bonded are ,—E-l--l-'-g}c o -0tk -0 -Bach-oF h tﬁ--al- asl-—one--aramatl c

carbon atom ’ % abl e _enbodi n'b?l?p qrone, 115°°Y?Bﬁ§ﬂener |
ﬁnelsocyan— In| this enbodi ment, R[err]

pol ymer of the fo g éd _ f
. , Eg % 1o N T embadtaenl o
?hga!ﬁcén?rganlc an mlxtures thereé%ﬂgbg* i-——th-a-pretert

The preferred polyisocyanates are TDI, i.e., the
mixture of 80% 2,4-tolylenediisocyanate and 20% 2,6~
tolylenediisocyanate, or the individual monomer 2,4-

5 tolylenediisocyanate (2,4-TDI) and 2,6-
tolylenediisocyanate (2.6-TDI) and MDI, i.e., 4,4'-
diphenylmethylene diisocyanate and 3,3’=-diphenyl-
methylene diisocyanate, or the individual monomer 4,4'-
diphenylmethylene diisocyanate (4,4’-MDI) or 3,3'-

10 diphenylmethylene diisocyanate (3,3'-MDI).

The polyalkylene ether or oxide diol comprises a
divalent alkylene oxide moiety wherein the alkylene
groups contain, on average, greater than three carbon
atoms and not greater than five <carbon atoms.

15 Typically, they are based on ethylene oxide, 1,2-
propylene oxide, 1,3-propylene oxide, 1,2-butylene
oxide, 1,3-butylene oxide, 1,4-butylene oxide, 1,2~
pentylene oxide, 1,3-pentylene oxide, 1,4-pentylene
oxide, 1,5-pentylene oxide, 1,2-hexylene .ozxide,

20 generally polymerized alone when the alkylene group
contains greater than 3 carbon atoms, or as mixtures,
'so0 as to form a number average alkylene carbon content
greater than about 3 and as high as about 5,

- .preferably greater than 3.5 and as high as about .4.5.
25 ' Many types of alkylene ‘oxide diols are available for
arethane production but all of those that have an
éﬁerage alkylene below about 3.5 have too higﬁ water
absorption properties for use in high performance



tion, with respect to the polyner of forrmula (I1), X and y are each

1, Rerr], Rerr], Rerr] and Rlerr] are hydrogen, a and b are 1 and
n has a value such that the wei ght average nol ecul ar wei ght of the
pol ynmer is about 20,000 to 15 about 120,000. . Incorporating this
preferred enbodi - ment in fornmula (I111), Rerr] is nethylene or c is-
0. In wdosaoseer preferred enbodi nent 63 a pol yner hanorgisbéms7os
formul a: [err] 20 wherein n has val ue such that the weight

aver age no- | ecul ar wei ght of the polynmer is about 30,000 to about

110,000 and Ris aaméyﬂé%@ﬂﬁc%l%sl n %c@lh éﬂauab the polk,xtsgfegéoups
t hereof have an averjég? éa?ﬁeh()f about
e

atons. A most pro¥ S i iomen s 20 e PO TR LeRs HATISS

WD 96/ 40507 diol homo-oligomers’ from consideratiSiCTAWSE6LAOTESthe[ err]
wherein n has a valwu%@‘that th ight aver age no- | ecul ar wei ght
of the polyner aﬁ’(?Ottog BBET=- 100, 000 and f has a val ue of

at least 1, pr eferablzyll of thenpdlyalktlent o&idevddopsefisedblin fmakimgbout
4 to 5  about 55y @and, Il diHEne AotghLlE &P Ew 6 dt3RIU atds  are
prepolymers of the alkylene oxide(s), created by the
polymerization of the monomeric alkylene oxide. Such
prepolymer formation as well as their reactions to
10 form polyurethanes is notoriously well known. Of the
prepolymers, a preferred one 1is based on the
polymerization of 1,4-butylene oxide (i.e.,
tetrahydrofuran) to a molecular weight of from about
650 to about 5,000. Such prepolymers are commercially
15 available -from DuPont under the name Terathane®.
Terathanes® range in molecular weights as low as about -
650 to as high as about 2900, as well as molecular
vieight versions of about 1000 and 2000. Higher and .
lower molecular weight versions are also available.
20 Such - prepolymers provide low water absorption,
flexible molecular structure, hydrolytic stability,
and commercial availability at a moderate cost.
Terathanes® have the formula HO(CH;CH,CH,CH,0):H where t
has a value of about 8~9 to about 40, though higher
25 ' and lower values are available, and such _oligomers
could be used in making the polyurethanes.

Terathanes® have been widely recommended for use in
making polyurethanes by DuPont. For example, they
have been recommended by DuPont for use in forming

30 sofi: segments in polyurethanes. When used with TDI,
DuPont advises that amines such as 4,4’-methylene-.
bis(2-chloroahiline) are favored as chain extenders or
_curat:.ves. If 4.4’'-MDI is the chain extender, DuPont
advises that 1,4-butanediol is the favored chain }



~A2. The term nal hydroxyl groups may be in the ortho, meta or para
positions, preferably in the para posi- tion. . A preferred
_pol yurethane is one having a nol ecular 10 wei ght from about 20,000 to
@bout 120, 000, preferably about 30,000 to about 110,000, and nost
preferably about 35,000 to about 100,000, forned by the reaction

of a poly-1, 4wossubssne oxi de di ol havi ng a gpl ecul ar WeRCQINS96/09705 om
about 650 to about 5,000 with a stoi- chionmetric excess of
met hyl ene di phenyl di i socyanat e capped by reaction with o, mor

p-am no phenol.  gxtendell® PRbWaN&E haﬂﬁli’ohm@ﬁtn‘?&kt aBks MYt Us&ly Nok he’
thernosetting resin filmformul ation can be a nodifi- cation such as

those nade by t he ¥ MMPMeESCcBSofhain extenders or curatipes ghough
WO 96/ 40507 cha:.n extefifers can be empr?EdetQﬁ/x%Qw the moleculaterr]

;ngsﬁgdpgi/y?[]gt hane %O £ r%rs Fiaeoc.l.yurle){: agpprepolymers ”S%EoPOLX“rﬁt hanes
. 5 capping step in making the polyurethanes.-

The polyester diols useful in making the
polyurethanes are based on the reaction products of an
aliphatic dicarboxylic acid derivative (such as the
acid ha:!.ide or ester) and an aliphatic diol derived

10 from an polyalkylene oxide diol such as an alkylene
glycol of 2 to about 5 carbon atoms, or based on the

reaction of e&-caprolactone with a starter organic

diol. ' These polyester diols are commercially
available materials. They are typically 1less
15 hydrolytically stable than .the aforedefined

polyalkylene oxide diols. Those that are desirable in

the practice of the invention are those that possess

iow water absorption, flexible molecular structure,

hydrolyfic stability, and commercial availability at a
20 moderate cost. _

The linear polvester resins may be reaction prod-
ucts of saturated and unsaturated aliphatic dicarbox-
ylic acids, such as malonic acid, succinic acid,
adipic acid, maleic acid, fumaric acid, hexahydro or

25 tetrahydrophthalic acid, "dimer" acid (dimerized fatty
acids), and their respected anhydrides (where chemi-.
cally possible), acid halides, and esters, with or-
ganic diols. The polyester may include in the reac-
. tion a minor amount, typically not more than 20 mol $,

30 preferably not more than 10 mol %, of the acid compo-
nent of the polyester, of an aromatic dicarboxylic
acid such as o-phthalic acid or anh_ydride, isophthalic
acid, terephthalic acid, their respected anhydrides
(where chemically possible), acid halides, and esters.



dii socyanate of the formula O=C=N-X-N=C=O with an 5 al kyl ene di ol

of the formula HOR-OH in the nol ar ratio (OCGNX-NCOferr]) of

>1, such that the resulting ' pol yner equals the value of n as defined
above, foll owed by the-reaction w th am nophenolic conpounds.

Di i socyanat es suitable” for wuse in making the 10 pol yur et hanes

i ncl ude t he f VO 64084y bi s(4-i socyanat %céycl o- PCT/US96/09705

1, 2-di i socyanat oet hane hexyl ) met hane 1, 3-di i socyanat opr opane

1, 2-di i socyanat opr opane 1, 4-di i socyanat obut ane _
1, 5-dii socyanat opeTharRiditionlt6- @hleS Ayt RARI1GE8RErs onbi hay also use
( 3-1 socyanat opr op-

. . \ | ) et her bi s .
(3-i socyanat opr opy F)lcyci?l?gxatﬁmﬂ%ﬁd(}ﬁéﬁpaﬁésgt&ra%‘?ﬂ fRQfyesters like
1, 5-dii socyanato-, tBpBe describéidi sbnydn®.o- Patent Ndisnet 3V993P922221€fnd
met hoxyhexane .1 dipi socyanatooct ane S5-di I socyanat o-2, 2, 4-
tri met hypent ane 3'8§E,'5i'%’i i §§c§8§§; Sfonzite pg'.l.yels, - drSotYaRAF vpr FRA ) -
et her of 1, 43butyl enganic dioJl,éﬂpl(ﬁye;bctpambdundetl‘:mepﬁlyester may in-
1, 12-dii socyanat od n I SCi s to % sul -
1, 4- di i socyanat obe%ggﬁg The a]Tklﬁéﬁ’(e w@l} d%]’?@cl)c §nSEBYIFPPe Hycol,

2, 6- di i socyanat ot oPyPR¥Eene glycol3- cﬁqtgdeyxanaﬂycolxyd'fpmpylene glycol,

1, 3-diisocyanat 0- MyX¥tBPfene glychld- HeopRR¥ DL PyP5X) the like, and

2, 4-di i socyanat o- 1- y :%Phlgoryober'izeng5 ¥ ,%-%];()l/sagiganaet o-lf-e an

2, 5-di i socyanat o- 1the pPohyalkpkene xide glycolshisuchh@szdiriglyme (b.p. WO
96/ 40507 10 216°C.), 4%traglyme (b.p. FfPcUPYOLPR Dbyiene glycol,

tetrapropylene glycol, and the like.

Chain termination of the linear polyalkylene oxide
or polyester polyurethanes is effected. by reacting
more than one mole of the diisocyanate for each mole

15 of the polyalkylene oxide diol and/or polyester diol.
- The . amount of the stoichiometric excess of the
diisocyanate will determine the degree - of
ﬁolymerization (n) of the polyurethane. A
stoichiometric amount of the diisocyanate to the diol

20 is 1 mole of each. If the reaction is conducted under
énhydrous conditions, using an excess of. diisocyanate

over the stoichiometric amount results in a polymer

that is chain terminated with isocyanato' groups at

each end. 1If any water is present in the polyurethane

25 formation step, then stoichiometry should take that
into account, because water will generate more near-
terminal ‘residing urea, as well as terminating
isocyanato groups appended theretc. The level of

' excess diisocyanaﬁe will determine the degree of

30 polymerization and thus determine the value of n in
. the above formulas. Such an isocyanato-terminated

- polymer is not a . thermally or chemically stable

polymer.



2,2-bis (4- bi s(4- | socyanat o) phenyl pr opane

| socyanat o) phenyl et hane 4, 4" - di phenyl nmet hyl ene

3, 3' -di phenyl - net hyl ene di - di i socyanat e i socyanat e
pol ynet hyl ene i sophorone diisocyanate

pol y(phenyl enei socyan- at es) and m xtures thereof.
The pref erred Wb0s3cyanates are TDI, i. t he m Xt UPETS$9609796
2,4-tolylenediisocyanate and 20% 2, 6- 5Polylenedllsocyanate or the
i ndi vi dual nonomer 2,4- 5 tonIenedllsocyanate (2,4-TDI) and 2, 6-

tolyl enedi i socyanate fRe 6h§'ﬂ:axy?lr5i:d§@|tac| aﬁ:1no4c pound foil @l‘?ﬂ)ﬂaﬁﬁfn@yl ene
di i socyanate and 3 ﬁ -gl ghenall - yl ene dilsocyanate, or t
t socyanatg;

i ndi vi dual nonomner &S %ﬁﬁpﬂrﬁgh?%ﬁ@rﬁ??%faﬁe&@f@@@LﬂVﬂ ) or
3,3 -.10° di phengtrettytenst dhesdeymnanae (3, 3'-MIl). - The

pol yal kyl ene et her or oxide diol conprlses a di val ent al kyl ene oxi de
noi ety wherein the al kyl ene ai aRes on average, greater than
t hr ee- car bon atons andHO, great e Qﬁ)ﬁh‘an five carbd¥atons. 15
Typically, they are based on eth oxi de, H 1, 2- propylene oxi de,

1, 3-propyl ene oxi dﬁheﬂe.’gn bl':ﬂé’l@d}ﬂnnatlon ¥led 380 ]aftoég ylre:qr\]ﬁ@aqgag to

1, 4-butyl ene OXIde pentyl ene oxi € OXil
1, 4- pent yl en@ (ﬁRQKFM-Qﬁﬁlﬁﬁ#n%hQ¥ﬁ; and de Pattizuﬂexylamemawxbee 20

general |y pol ymerigedodaDére: VIherid the 2! $Iv£1En 19" Q- romatlﬁo % S g@pat er
t han 3 carbon atons m Xt ures SO as to orma n nb aver age

al kyl ene carbon cof eﬁe'kyiene'gr%]di@ﬂdﬁﬁgn apdygers afarhenwl gh sad fopeut 5,

preferably greaterandashd. Sine ag msgm agrabpUknd. wheto it YBNY1!YRgs Of
al kyl ene oxi de dlohatqge av jlabl ur et hane_production but all of

t hose that have an e §?W’E¥é’“§el Rv abotRd 3. 518Gy ePPRY hi§h
wat er 1absorpuom1q1:ranertam$ wher dists 0 Wh@h hPiHed MBIKE may

exist as a fused ring bond to koz. Roz is aryl,
polyaryl, fused ring aryl, polyfused ring aryl,
cycloalkyl and the like, and ¢ is 0 or 1. When d is
1, ¢ is 1, and when d is 0, c may be 0 or 1. Rg; is
15 hydrogen, or alkyl of 1 to about 14 carbon atoms.

Illustrative examples of suitable amines Ere the
following:

psWincalh W s ool
Lo, oM, olo
. oot A

m@“‘&@”

The am:_l.nophenols, P, m or o-aminophenol, prove to.

20 ° Dbe effective terminating .molecules for the isocyanato
capped polyurethanes. Solubility or a low melting

point gives the meta product some advantage but the p-
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adhesi ve applications. Such exclude the polyethyl ene oxi de di ol
hono- ol i gomers and the pol ypropyl ene oxi de di ol "hono-ol i gonmers from
-consi deration in formng the pol yur et hane t ougheners. 5 Al'l of
t he pol yal kyl ene oxi de diols used in nmaking t he pol yur et hane

t oughener s/ f | avo geMosgr0l ai ds are prepalyners of the aljytesy6097es

oxi de(s), created by the pol yreri zat i 3% of the mononeric al kyl ene
oxi de. Such prepolymer formation as well as their reactions to 10,

form pol yuret hanesahinapgeﬁéftﬁisysaﬁés kagwdiy ©h tHE toughed¥LRYINMRES, @
base on the p of

preferred one is > ol yneri zation
1, 4-butyl ene ° oxi dte ePoxddep reaction systgmy dtoftiieanfenReratiiiedc geRernei ght

of from about 21290 JRADPHH-P2809., SuehePrIRRP! XOBSSuPHL FEIGRE Cioal | Y.
15 avai l able from DuPont under the nanme Terathane[err].

Ter at hanes[ err] rathesenambnephenglsellfid.d)ameppy tbakpeetatively ggeldo as

hi gh as abouts 2900an3gn¥! lca#s BB! §f8dd for terMEh&Bion S 82081 01t pPa!l
1000 and 2000. Hi gher and | ower nol ecul ar wei ght versions ‘are al so

avail abl e. 20 shigh, kg o tarminatiop, | RACYIRR d&t eF2PAfsorgRvegRed

flexi bl e nol ecul ar mpbeugt ByerhBydimbykbgusiaditd tget good d¥peIFIFR! Gnal
avai lability at a

derate cost. . Ter at hgnes have t he formnul

HO{ CHRCHRCHRCHRO) ¢ PR BB, Viscosity systev e THe ARNHeRes Fnm ahensd,

t hough hi gher 25 caandel auaedvaﬁueeﬁhyetavahé abé#£ctian dnidttireo lorg eivees
coul d be us I n ki e pol yurethanes. Ter at hanes[ err] .have
been wi del yel?beconggﬁagga$g¥ Eg’é gﬁ powger?’%{kiweﬁolw etaha%r%a? >P SRt .

For exanple, theyof the hkowe Gbiyomer cepwridied iesibuRbiltudrdr, udisdussiedr ni ng
30 soft segnent g i o] r n . UsEdhadiet el ont
advi ses that am negegggﬁ §§a4?hggngtaﬂ§?éx\2@& e\éﬂlts?)f- ?rﬁeorquanam | ng) are
favored as chai h eftiendeatior of the ciscayanpate grioup 2240Dic's pRakclt@i n

extender, DuPont i pe Yl 8RS LRA phat RULAPEILOLa ' S0  Afsd Y it FAL"
15 mination is complete.

During the polymerization of diisocyanates with the
hydroxy terminated alkylene oxide or polyester based
materials, high molecular weights are attained (~20K-
~120K, more typically in the range of about 30K to

20 about 100K). As a result, viscosities bec¢ame very
high and at rational reaction temperatures (~50-170°C,
preferably from about 80°C.-120°C.) stirring in
laboratory or  production equipment can  become
'd:i..fficult. Use of a solvent as a diluent (e.g.,

25 methylethylketone (MEK), tetrahydrofuran (THF), and
the like) of the reactants and the reaction products,
though usable in making the polymers of the invention,
adds the problem of its subsequent removal with a
concomifant increase in production cost. Advantage is

30 taken of the very low reactivity of hydroxyl groups
with epoxide groups (unless catalyzed) and alsc the
low 'reactivity of isocyanate groups with epoxide
groups (unless the complex formation of oxazolidone is

: &eliberately for_ced) . Therefore, oiigomer-free and
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extender. However, this invention does not rely on : ot her nononers as
chain extenders or curatives though chai n extenders can be enpl oyed
to raise the nol ecul ar wei ght of | ower pol yurethane prepolyners prior
to the 5 capping step in making the pol yurethanes. The

pol yest er dwel 9s/4050a s ef ul i n  making t?g pol yur et Fexnesvsosms based
on the reaction products of an al i phat¥ c di carboxylic acid derivative

(such as the acid halide or ester) and an aliphatic diol derived 10

froman pol yal kyl %@Xéééoﬁdﬂy SH?BréﬁyP-E‘ff’éé(,\"@Q@xlde e8i%E0lc i Bel©
about 5 carbon atons,_ or based reaction of [err|-caprol actone

with a starter or ¥t as. uEIF%‘?Ctl"e Theskuenfss yedpping gj bhe  pglymer

ﬁo(rjnm.lrci al | ?/I fmﬁﬁmhl e hrratzehl ﬁéﬁoxldtfe Tf@sllfnsar gellret yrydb%lek;)ﬁeflllgﬁ s 15
ydrol ytically stabl e than _the af or edef i ne al kyl ene
oxide diols. ThosEHRREPAEe (EgnLabion negds, ip sfprpge 01El ggive

i nvention ar® thossystents. po@.ﬂss:h:.s dl]lmomtcarrmhserelabltﬁbn,f b@&kb&@s
nol ecul ar structur

hydrol abi i and co
availability at a treg & & c%’g’t *kEdn °t1¥g?ﬂ%r?| mléoﬁiﬁesf‘lé?drem ns
may be reaction prah!bll's Epom® sGZﬁ $titer digliyeiuy lunsthier abEd bdlspheablc

di car box- yla)C ?1%' ds eéHChst?écé?ééﬂﬁ.'l&aﬁﬁégd Sé'ézC' | 4i3%elt  even

adi pic acid, maleic acrd unarlc acl ro or
t et rahydr opht hal | @lddioegh” ghaesmaddi ameen tedf z@kig‘omeu:ypresent 45BYsidand

their respegged a@WIQ&&e(fGE&&&Eem | At 171 r%%LLFYu%OSfé f) dei“i’vgd

hal i des, and esters, with or-
include in the re&olymer, Eppp® aaﬁﬁno@aaﬁouﬁP1Yﬂ9§|c&tpﬁuﬁﬁs nﬁﬁéllhan 20

mol % 30 pr ef esalinednelt maeaeuh@toa%cwbn%eﬁ{aew@u@és Jag®"RP- that
nent of the pol yeﬁt er,. of %‘g.da tic djcar é -aci d such as
o-phthalic acid o dth t 3P c subse “e%fEl H°rmF%‘T“E})?R hBPPES . aci d,

their respected anhynmncessz from DuhecCRemiedll sHowldp@isobbe) sudehBle.
halides, angy estelfie Bis F resins, such as Epiclon® 8308, if distilled
to eliminate oligomers, could also be used.
Illustrative of suitable diluents are epoxy
monomers and dimers of the following formula:

AT P

P
wherein R® and R’ are ‘each hydrogen, alkyl of 1-3 car-
20 bon atoms or phenyl, preferably alkyl such as methyl,
) and p has a .value of 0 to .<1, preferably less than
about 0.2. Most preferably, p is equal to 0.

The reaction conditions for forming the
polyurethane from the diisocyanate and the diol is a

25 temperature of about 50°C. to about 200°C. with mixing
in the presence of a diluent, such as a conventional
solvent, as indicated above, or the reactive diluent
comprising the epoxy monomeric resin indicated above.

The reaction should be carried out in the absence of
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addition to the above polyesters one may al so use ~di cycl opent adi ene
nodi fi ed unsaturated pol yesters like - those described in US
Patent Nos. 3,986,922 and 3,883,612, so long as the polyester is
l'i near. The 5 organi c diol enployed to produce the polyester may in-
cl ude the al kyWeHR64e03 col s such as et hyl ene 5%I ycol , p PO 0705

gl ycol, butylene glycol, dipropylene glycol, dlethylene gl ycol

' de glycols
neopentyl glycol, and the like, and t he pol yal kyl ene oxi ]
such as triglyne (laddedlGiater)l&fry r&lﬁl)}drdﬂ r@&!ld’lrﬁo@xg %rﬁZ7€L§féJz%c)

tripropyl ene glycol apr Ien coI and

ChaPn Pgrn1nat|on CPnPﬁélPPﬂegﬁ ?é?l ;FBE the rea%#aﬁkﬂ)hﬁﬁQQG

pol yur et hanes is @ehettiod bandr edmﬁmw relactloHDr Eréhad'%ﬁ&d_ﬂmlé.gngj C?ir&

dii anate for e f the po y] ene oxi de di o

pl): ;gg%/er di ol . §$Q<H%lie cz]aaﬁrr:g&#g%f e %?%feéﬁ %) ECEX&E‘?S Eaghion

dii socyanate® wilbut cet catedyst thad ddegr ewt @rﬁversely aﬁfdfﬁr:‘&ﬁ]leon
e st oi ri c_anount. o

G sooyanat o pOl:)éHEE&BﬁE can, belé#&l yeg- c’pqaﬁ%’ %ﬁeafgaé‘Feﬁ'ﬁ dj én

di i socyanate to the d|o each
conduct ed under = P®° Ymaﬁﬁ?%ﬁkﬂnsnﬁ@ﬁﬁn9n8n9$lm5|ak}phatancesecyanates.

of . dii socyanate Thevqbrggslﬁgobgﬁgggg£§ége§ngﬂgtth%3g|%%ﬁdkﬁﬁé¥”ynﬁr

that is chain ternlnate W th | socyanat
any water is presefif®i nde®rriRad udat hawem%ly afS@n-lgaedomtspezmmg hens.

stoi chi onet 19 shouhgplasgtidatls.N. 08/88508PE6C ieq %%EéﬂﬁgrmeteiQaﬂll
generate nore near - termnal residi.ng Urea,

termi nating i so?VARED  Prii®s OfapFdRiedcontrelt did THhixokwepicof

excess diisocyanatagents cEndMuﬁ nelageoﬁgxugybéﬂ: pal ergoLeﬁgyw é&%bﬁﬁea”d

th determ ne the above fornu as.
|sg§yaﬁa?o termna?xél&lgt #%ﬁ%ﬂmﬁf ppgseﬁo{se%anrﬂﬂﬂﬁ%ﬂ’ y ingthecsbgiccal | y

st abl e pol ynmesetting resin matrix. Certain of these materials

15 may reduce, to some finite degree, the croéslinking

density of the thermoset resin {(C-stage). Many of

these materials introduce very favorable properties to

the resulting thermoset resin. For example, a par-

- ticularly desirable material for this purpose, is an

20 "elastomeric polymer containing soft and hard segments,

the hard segments acting like or forming on process-

ing, croéslinking of the elastomeric type. Some of

these elastomeric types contain functional end groups

that allow it to couple with complemenfary functional

25 monomers or polymers to form the desired elastomer in

situ of the thermosetting resin and render it non-

pourable and tacky, while toughening the cured resin.

As a -class, these elastomeric polymers act’ or are

crosslinked yet are thermoprocesséble, which when dis-

30 . 'c_retely provided in the.matrix resin render the resin
.__nqn¥pourat_>le and tacky, and also toughens it.

a ;Ohe qlasg of su}tabie elastomer~type thermoplastic

~ﬂth._(acrylonitrile-l,4-butadiene-styrene{ block co-~

lpo;yme;s fhat are typicallf used as modifiers of other
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The hydroxy aromatic am no conpound for term nating t he i socyanato
cont ai ni ng pol yurethane is preferably a structure of the formul a:
‘lerr] (V1) wherein the conbi nati on of
Rlerr] and Rlerr] is equivalent to 5 Rlerr] and R err] defined above,
and in parti cWD&6/405800 may be a cov%bent bond or a diPCEUSH09705
non-aromati ¢ group such as al kyl ene,"al kyl i dene, oxygen, carbonyl,
sul f one, and the like, dis O or 1 and when it is 1, the

hatched line degegiatliggstainsfusathey’ id¥e bRAHactérilded aBOMRNiBGENd,
and when d is O, R£%§$atched Q ne used rin%Ebond to
[

nmay . . ex]jst.as a f
Rlerr].  Rerr] Fange’ of Prohertios thaush’ EhfgPRRSFILRS| SYRLTR® i ng
aryl ,. cycl ofl ke dmdenbéohi teiline copolvihers thathamedhigh rub- 1,

kol of 1 to aboderiAvesE Gasro het compaiey (o Sptien eplffidior”
sui t abl e ani mes arthiishetype, havel @i retatively low tensile strength,
low tensile modulus, higher impact resistance, 1low
hardness and heat deflection temperature.
Another elastomer that is found desirable are the
carboxyl and amine terminated liquid butadiene acrylo-
10 nitrile copolymers. Such copolymers may contain pen-
dant carboxyl groups in the interior of the polymer
structure through the inclusion of méthacrylic or
acrylic acid in the polymerization or thfough the hy-
drolysis of some of the péndant nitrile units. Such
15 polymers react with the epoxy resin and as a result,
the epoxy forms the hard segmen£ generating the elas-
tomer properties. )
'~ Another class of block thermoplastic elastomers is
Kraton®, available from Shell Chemical Company. These
20 thermoplastic rubber polymers possess usable thermo-
plastic properties. They can be softened and they
flow under heat and pressure. They then recover their
structures on cooling. The chemical make-up are of
three discrete blocks of the linear or A~B-A type.
25 They are available as styrene-butadiene-styrene (S-B-
S) block copolymers, styrene-isoprene-styrene (S-B-S)
block copolymers and styrene-ethylene/butylene-styrene
(S—EB;S) block copolymers. They are characterized by
styrene polymer endblocks and an elastomeric midblock.
30 Aftér processing, the polystyrene endblocks physically
. crosslink, locking the rubber network in place. This
physical crosslinking is reversible on heating. '
Another series of the Kraton® thermoplastic rubbers
are the diblock polymers in which one block is a haxrd



The am nophenols, p, mor o-am nophenol, prove to 20 be effective

term nating nol ecul es for the isocyanato capped pol yur et hanes.
Solubility or a low nelting: point gives the rreta product sone

advant age but the p- WO 96/ 40507 : 54

PCT/ US96/ 09705 am nophenol di ssol ves readi 1 y in the toughener

pol ymer WOeEdshe reacti on system at the tenperatures BETHUBIG9705
ally used (-80-120[err]C). The | ow nol ecul™@r wei ght of t hese

am nophenol s (109.1) neans that relatively small 5 anounts can be used

for term nation, aMethoblaytis and théi gbheirwstaerasmf&wu [ €5y | las-5
rapi d, governed the, ti

nost b |red.to od lon in
t he high viscosity ts%'}‘flrém ﬁ'ﬁg Bﬁ\ﬁ'e‘feed’ arﬁ?ﬁg Bﬁﬁh%? K&Ot aélbgpg; _
directly to the reactdmlaub(tpwanm nof ealBard @eiysaphgneablbekpa\nderaed
mxed with a smal | | t.h Xi esin diluent,
di scussed el%%utra?iﬁdf h%Of'éol‘Ic’lo F%él gﬁgénggﬁjf&%a l"’icj'(lzéczlii{bsor p-
tion ratio of5the |so©}:aaat eubbeup 924@1351;91191;5 pta&lude: (a) homopso-
Crtert] O peak cadie Uaedelfo R LRA! clifugdba | ATEARE Habfng o
conpl et e. ring t nmeri1 zat'i on |1 socyanates Wt
hydr oxy term nat ed weighte fvesroge molesulassweightised 30, Ooondftcbr‘ﬂ%@rspo% gh

mol ecul ar wei ghts' gre lﬁ%ﬁ@kn%@ Qre%%lbed in 0180Kpa DI kol VPi 650 ) 03d,0
range of about 30K to about As“a result, ~viscosities ecarre

very hi gh and'bdehr &hepregn riilt%?ﬁercﬁ’ﬁlaé§ Exom 1470 ler $3xboON

preferably {gom alienis Mefnbh.@cuigo[s%blﬂ Gs 1 Sibitddi®end," isoprene,
| aboratory or product.i on ficult.

a I
Use of a solvent &8% the u%ﬁ{‘e' (e‘%@; e&’é’a%°p‘¥gfh’9l BOREPRLYBRESr ( REIGO™
t et rahydr of ur an ('ﬂdi)ymeraad two ort:heré | dgdhallohiyagihenchamé s, adswl at heo-

{ﬁ@‘g;;;’gnpr"d“cts polymert DU USSRl & i dTBK BEnbhe 78) YTRES Un e

monomer (s) having a number average molecular weight

15 (M,) which varies from about 800 to about 50,000, as
described in U.S. Pat. No. 4,101,604; (c) chloroprene
polymers including homopolymers of chloroprene and co-
polymers of chloroprene with sulfur and/or with at

least one copolymerizable organic monomer -wherein

20 chloroprene constitutes at least 50 weight percent of
the organic monomer make-up of the copolymer as de-
scribed in U.S. Pat. No. 4,161,471; (d) hydrocarbon
polymers including ethylene/p}copylene dipolymers and
copolymers of ethylene/propylene and at least one non-

25 conjugated diene, such as ethyiene/ propylene/ hexadi-
' ene/ norbornadiene, as described in U.S. Pat. No.
4,161,471; (e) conjugated diene butyl elastomers, such

- as copolymers consisting of from 85 to 99.5% by weight

of a C4—Cs isolefin combined with 15 to 0.5% by weight

© 30 of a conjugated. multi-olefin having 4 to 14 carbon at-
oms, copolymers of isobutylene and isoprené where a
" major portion of the isoprene units combined therein
have conjugated diene unséturation, as described in
U.S. Pat. No. 4,160,759. '



adds the problemof its subsequent renoval with a conconi t ant

I ncrease in production cost. Advantage is 30 taken of the very | ow
reactivity of hydroxyl groups wi t h epoxi de groups (unl ess catal yzed)
and al so the | ow reactivity of isocyanate groups w th epoxide
groups (unless the conplex formati on of oxazolidone is del i berately
forced). ThwioH#6@0587 ol i goner-free and WO 96/ 4¥cYUs96/09705

55 PCT/ US96/ 09705 t hid secondary hydroxyl -free,
epoxi de resins can be used as unreactive diluents during the
pol ymer for matggdti £icSUGH 11RRPEEEBNns! €TENS s1AkEb18UDAURMNeY-1 ¢

conpatible with fornulation neegs i_n Lut,ure adhesive 5 systens. For
this dilution duriRy-¥YReRS g8, tBpokplitewing: as free as possible from

ol i goners shoul d be. ubyeshxr™ CTBN Lh@lid Srdaiilvey rdub®be?s(t kerBoghyCicdyl.

et her of bisphenol_, has been syccessfully used as a djluent even
al t hough the snal I™Ha%AE @t"cﬂa’iwrﬁﬁggéﬁfl %c%%?ws sl vP¥oBe
reacti on. 8t 1/ 1Fr addanddieht,ot al derived pol ymer, Epon 825 gave

pol ymer products Si i rred.at _need roduct.i t enper at ures and
at that | evet® sl'hyoctﬁrdm nceTéﬁgﬁoflm'% BEeﬁﬁeﬁ&ﬁo?’fﬁﬁp&:t %gﬁtngg‘& . con=

D.E. N [err] 332 friatrbDoinCaemdlc spendant dcaktboxype guohpd) caldd suppleeBi s F

resins, such as Epiglon 83 ]tl istilled to elimnate ol goners,
coul d al so be useg:.w 2 %gbd% Fﬁét rative of suitable diluents. are
epoxy nononmed & Byaax® mer ATBN, t he dmideow ngetminated butadiene-
[err] 10 acrylonitrile copolymers dotld by B. F. Goodrich.

4. K 1102-28:72 styrene:butadiene linear SBS polymer,
available from Shell
Chemical Company as Kraton® 1102.
5. KDX 1118-30:70 styréne:butadiene copolymer contain-
15 ing 20% SBS triblock and 80% SB diblock, available
from Shell Chemical Company as. Kraton® DX 1118.
6. KG 1657-14:86 styrene:ethylene—butylene:styi'ene co-
polymer available from Shell Chemical Company as Kra-
ton® G1657.
20 7. 5 840 A-Stereospecific 43:57 styrene-butadiene SB -
rubber available from
Firestone Synthetic Rubber & Latex Company as Stereon®

840A.
8. SBR 1006-random 23.5:76.5 styrene:butadiene SB

25 block copolymer rubber available from Goodrich Chemi-
cal Company as Ameripol® 1006. '
9. SBR 1502-Random 23.5:77.5 styrene:butadiene rubber
available from Hules Mexicanos, or from Goodrich Rub-
i ber. Company as Ameripol™ 1502.
. 30 10. Blendex™ modifier' resins (e.g., 305, 310, 311,

336, 338 and 405) - ABS polymers sold by General Elec-
tric.- Different varieties are available and their

‘suitability depends on the properties sought.



wherein R err] and R err] are each hydrogen, al kyl of 1-3 car- 20 bon

atons or phenyl, preferably al kyl such as nethyl, and p has a val ue
of 0 to <1, preferably |ess than about 0.2. Most preferably, pis
equal to O. The reaction conditions .for formng the

pol yur et hane fromthe diisocyanate and the diol is a 25 t enperature of
about 50[ err] Gvobedosout 200[err]C. with m ? ng I n t hrRCPUSSHH98 of a
di l uent, such as a conventi onal sol v R as indicated above, or the
reactive dil uent conprising the epoxy nononeric resin indicated
above. The reapduoichall dlbe eaduttdowsit are pPhovale@nty ahixo-

WD 96/ 40507

/ US96/ 0970
added water, and aﬁﬁ?EF'BEsagSﬂgFt?B?& Evy efﬁrf‘%? e?glcf:a Pﬂusscﬁ?r\:&lvﬁ c?r?s
that renove wat er. thdxotihepieaagemts dref driggh surfacer aaed | fumedirgilichars ng

cf foct the 1 oact| oAnBsoraaperflyl blogksBl8hpdy (AL ol EpRCELRY, (2,

yst oes nd VErse
t he _ reactions Fhe bhlanﬁih@emay be CGhiadagtesiaed aeedemkpourable.
pol ymeri zati on reag ltSiBﬁah! ”gtﬁé'Pi‘ﬂ&'x&aL;{%Q&nysas well. Trgﬂéh on-
f oregoi ng pol yurethanes an fhe manuf act ure escribed 1 n

comonl y assi gned €4d5&R8i many, e aghievegplinca | pamber| ofg/ways 876 Mamy ed

December 6, 1994. thermosett{¥ig! f}%"slﬁéaseﬁ:é)f sb1 d% CQRt I Yo dzéhtxotd’rﬁpl c
agents and/or elastoner-t ymers_ _that rovi de di screte
é@%%)aF%

el astomer phases (¥88¥n®%Hh ﬂ-h%“it-%rat this tegperatwger esiBeth

mat rix. Ceyg ai N qhindBeses Mpbsihd! Sahd be HAde TIUEE, ridh—i:@imafalél tzfhd
degree, the crosslinki density of thngéernDset sin  (C-stage).

Many of St he§échféft'er FOr se¥3R i@ HAsip 5r 48| 8° p%‘}dc iFeHn
the resulting therhaet isedituid fan @earaﬂmmadp&b form a mmad afdsin

desirable naterial for thi ose |sa | ast one | .v.ner
cont ai ni ng soft an§YRXPH tgaﬁé\g i6n-pourab 16%ana EalRy"Tlh WdR O, &

solid or lz.quid thermosetting resin can have incorpo-
15 rated in it a variety of diverse materials that will
render the resin fluid non-pourable at conventional
handling te:hperatufe conditions and fluid non-pourable
and tacky at room temperature (about 15-37°C.). Con-
ventional handling tempera_tures are defined as a tem—
20 perature of between about -20°C. to about 43°C.°
' Though the in situ-expandable thermoplastic parti-
cles or the solid chemical blowing agent will render a
liquid thermosetting resin more viscous, they alone
are not effective for inaking the film non-pourable.
25 ° If the thermosetting resin is solid, it can be calen-
dered into a £ilm by meltiog the resin with heat under
conditions that avoid condensation or addition of the
'resi_n to a thermoset condition (C-stage).'. - If the
resin is a iiquid, it can be blended with thixotropic
.30 - 'ageﬁts, o_thér solid 'reeins and/or 'liqtiid or thermo-

¢ This range reflects the fact that material handling can re-

‘quire '1éw' temperature storaée to preclude premature reaction of-

" the thez'mosetting resin system and relatively high temperatures
C 'because the film may be used on a hot factory floor.



the hard segnents acting |like or form ng on process- i ng,

crosslinking of the elastoneric type. Sonme of these el astoneric
types contain functional end groups that allow it to couple with
conpl ementary functional 25 nononers or polynmers to formthe desired
el astoner in situ of the thernosetting resin and render it non-
pour abl e and waxdesesonhi | e t ougheni ng t he cu&,f-)d resin. POXAUSIGI09RS S,
t hese el astoneric polynmers act or are. crosslinked yet are

t her noprocessabl e, which when dis- 30 cretely provided in the matrix

resin render the rgbddtic elaB8BmeLiE aMcAiZNErsacky . c%ﬂ@eiltsotﬁéw&ﬁgﬁlﬁ it
One cl ass of suitable elastoner-type thernoplastic

(acrylonitrile-1, 42 %R% &ildis: FPepePonppYiiabley and taCkﬁo’P?'ﬁ%’f’saJt hat are

typically used as nodrHe etRepfopldetic polymer Vs8&/ 4850forming the in
PCT/ US96/ 09705

as having a ﬁﬁé'er’%%’@agﬂ‘eprﬁéﬁm?%@sttensﬁafﬁé°§¥§? (raa(ra]?eggar agﬂ_zrl zed

of the invension @:’répimcbomﬂwnaerwiﬁéatraaietwlqﬂ meberials. bar nmpes

t hat, when corrpared to_pot her Iy r his.type,
rel at ively | ow ten%| I%ag %ﬁge £ %Pgéxft g‘ﬁg}’?é ﬁ?ﬂ us Foﬁl gﬁ% piﬁpact
resi stance, low U.S. hBatbmssNandShébi X | destdmibetse lpperiat (preparation

pnot her el astorer hopol sndPHAhAIoEhE SBbRORLE bECan. aqueblsikpedad oA e

termnated liquid ne acr e Co
copol ymers may conefi fllpegrganic mqmmerearmakgnglc%@siﬂabltehefqrnp@#mr of

the pol ynmerqg éHi’e&H‘HrF Eé‘ré’uﬂﬁel—ﬁi@% Ml@'ﬁbl@ou@ewﬁlﬂc haking

acrylic acid in th ep | ymeri zati on or roug éé si s of
sone of the pendant %l‘ﬂ??’r’@%rﬁ’lﬂéﬂcagucﬂf%rtieﬁolﬂ ré rlé@élﬂd\mbt RWiRE

epoxy resin and asog f@ﬁélixig agent WHECHE e tis0 a8l 119 h Al vieag Mt ion

enerating the el as- roperties.
9 9 on the resu éj cPlymer, and in a quant:.ty in excess
of that which is soluble in the polymer, and (3) a
15 dispersion stabilizing material that is wutilized to

maintain the dispersion. The resulting solid spheri-
cal particles have a gquantity of the liquid-blowing
égent encapsulated in them as a distinct and .separate
phase.

20 The thermoplastic polymers are formed by the polym-
erization of one or more of a variety of different
types of alkenyl monomers, such as those of the for-

mula:
R“
l
CH,=C-X,
25 to form homopolymers or copolymers, such as random or

~ordered ({including block) copolymers. In the above

formula, Rox may be hydrogen, alkyl, su;:h as methyl,

ethyl and the like, or halogen, such as chlorine,
fluorine, bromine or iodine, and X; may be an aromatic

30 containing moiety bonded via an aromatic carbon atom,
. a carbonyl oxy ester moiety, halogen, cyano, oxycar-
bonyl ester, carboxyl, and. the'like. ‘'Illustrative of



Anot her class of bl ock thernoplastic elastoners is Kraton[err],

avai l abl e from Shell Chem cal Conpany. These 20 t her nopl asti c rubber

pol ymers possess usabl e ther no- pl astic properties. They can be
Softened and t hey fl ow under heat and pressure. They then recover
their structures on cooling. The chenical make-up are of t hree
di screte bl oclwonadraosere | i near or A-B-A type. They are poBUSBRIBSaS
styrene- but adi ene-styrene (S-B- S) b@@ck copol yners,

styrene-i soprene-styrene (S-B-S) bl ock copol yners and

styrene- et hyl ene/ bghkkgnfiosbié£SCare thodes HB-wHidl 06K iGORAIHIRES cohleY |
are characterized b styrene pol yner endbl ocks and an el astoneric

m dbl ock. 30 Af ttéﬁ'nf)?%cessﬁ"r?ﬁ‘ t R& poPHy¥ish&ene QnHSFBXk%tX)‘FﬁFSQrcaI v
crosslink, | ockingmeBBylsbpednd)etpiiidthyl sRly2ERe, eE Bstyrene,PlstiGRl -

crossllnklng S rever5|ble on heati ng. er series of the
Kraton[err] thermopy¥astec acrsbépsostyrenear eath@!mﬁﬂmepolwl@emml ch
one block isga hardnioride, p¥Pe

PCT/ US96/ 09705 ort%e’r |gStIC a tﬂ’re I’nerarqu hsatlt]"'rkat ed s&'fst

el as- t orer . il{lPPEEQ‘FJ'é{q WE theepi Bonemexs; sre Kh&sgnfterwlii@x ®0is
a diblock polymer gf carBeh 1%&;}’%%@9%&%} I?cp ékm acry er3Of t

pol y(et hyl ene- propyl ene) bl ock ers or ]1astomars

include:  (a) horopdfye or inpppeuininatdss ymst% Gﬂ‘%oﬁ}lﬁ@%ﬂad apomeddc

having a vei fiBhomdes aslayrmépwl 8k Vt@dﬂmzeaf 3050k tébx#nl thOi%ype
or hi gher aé described in
|

conj ugated di%nes ’E?BH?‘&?’FFf?‘%ﬂ‘z‘-ffilm%%ﬁ!b]onmi@acryéiaﬁﬁs ;S“éﬁhyﬂfolaé&)ﬂ]@t@uch as
1, 3- but adi ene, i sppoppkr, acrylatand bhlngll |d(ﬁylébé, e}muftgllofhgthatrylate,

o S oy meProRYh B At o A e RO Lol sty
nonomer (s) havi ng éahembér -avethpk heb:gﬂ:ulanry\latght ethyl metitfaemyilatehi ch

varies from about 800 to about 50, 000, as ox
and the like. X; and R may be a halogen, such as

15 chlorine, fluorine, bromine and iodine, thereby to en-
compass the formation of cdpolymers of vinyl chloride
and vinylidene chloride, acrylonitrile with vinyl
chloride, wvinyl bromide, and similar halogenated vinyl
compounds. X; may be a cyano group and this includes

20 polymers of acrylonitrile ‘and methacrylonitrile. X,
may be an oxycarbonyl ester, such as the vinyl ester,
e.g., vinyl acetate, vinyl butyrate, vinyl stearate,
vinyl laurate, vinyl myristate, vinyl propioﬂate, and
‘the 1ike, are suitable polymeric components. One may

25 also employ for specific purposes ethylenically un-
saturated copolymerizable acids such as acrylic acid,
methacrylic acid, itaconic acid, _citi:aconic acid,
mgleic acid, fumaric acid, vinylbenzoic acid; and the .
dike.

30 - The thermoplastic pélymers may also include copoly-

' mers (of the random or ordered varieties, especially
"blocked copolymers) of the monomers described above

. .with a variety of hydrocarbon monomers, .such as pro-
pyléne, buténe, and one or more dienes, such as:



described in U. S. Pat. No. 4,101,604; (c) chloroprene pol ymer s

I ncl udi ng honopol yners of chl oroprene and co- pol yners of chl oroprene
with sul fur and/or with at ' | east one copol ynerizable organic
Tononer  wherein 20 chl oroprene constitutes at |east 50 wei ght percent
of t he organi ¢ nonomer nake-up of the copol yner as de- scri bed
in U S Pat. woosaespdl, 471; (d) hydrocarbon pol ynmer s | MEUSHE/09705

et hyl ene/ propyl ene dipolyners and copg?yners of et hyl ene/ propyl ene
and at | east one non- conjugated di ene, such as ethyl ene/ propyl ene/
hexadi - ene/ nog@pg aff® UEopifed ilehbs Bidn Mas: 1.4-
4,161,471; (e) conJu ate ene utyl astoners, such as copdlymers

consi sting of from gcheXadiemnssy, By 6nartagiens, anst thecdiks:isol efin combi ned

with 15 to 0.5% by- V\Bbﬂemcrfgh chginaaweweatﬁ%@s' tsud ehbl Mg -Lo 14
car bon at - copol yners of isdObutyl ene and | soprene where a

maj or portion of the YAhesadignees condrddBethel el fo-octadignge comjrlgat ed
di ene. unsat ugati on, @ﬁnéiﬁﬁ,qr-ubadobaadlene aAhd. tllf@tm:.f&i ibolfeds/oF di-

WO 96/ 40507 / US96/ 09705

Specific illustrati c}?%dr%?“yrﬁ?F’FabFléhY§¥%%‘fof’é}q C &nd the gb KSiers are the
fol I ow ng: o éi/ri-‘g”!fé erfln@TBulhbguwcremteln\ée rtaftmlrs, asarbaxyl- ter-
m nat ed but adi ene- acréﬁl tril e copol yNner s Sé) qpﬁB F. Go drich.

2. Hycar[err] CTBNX ad}eBeEN excepts YIRHC é’)tfaﬁlbﬁne' o7

i nternal pendant carb@y@doquyqaﬁ;eaé$Oaﬁdptﬂee&hke, by B F Goodri ch.

3. Hycar|[er ATBN, term.nat di
2ty oni (11 P8 copoty RyAEEia, p1deiel 85 fibeg, id F2HFa lng, aspes,
styrene: but adi ene | i naarh SBS: pdietrahydroindene, aethihbéerdhydndEmeddne,

Chemi cal Conpany as KgAlaN dnkabillfe, bicyclo-(2,2,1)-hepta-2,5-diene,
alkenyl, alkylidene, cycloalkenyl and cycloalkylid-
ene norbornenes such as 5-methylene-2-norbornene

15 _ (MNB), 5-ethylidene-2-norbornene (ENB), 5-propyl-2-

' norbornene, 5~-isopropylidene-2-norbornene, 5~ (4~

cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-
norbornene, and the like.

The thermoplastic polymer used in forming the in

20 situ-expandable thermoplastic particles may also be

made from condensation type polymers, such as nylon-

6,6; nylon-6; nylon-4,6; polyester from polyethylene

terephthalate; Kevlar™ polyaramide; polycarbonates

(viz., poly (2,2—bis. (1.4-oxyphenyl) propane carbon-

25 ate)); polyarylates (viz., poly (2,2-bis (1.4~

oxyphenyl) propane terephthalate); polyimides; poly-

etherimides, such as Ultem™; polysulfones (see U.S.

Patents No. 4,175,175 and 4,108,837), such as Udel™

and Radel™ A-400; the polyethersulfones (see U.S. Pat-

30 ents Nos. 4,008,203, 4,i75,175 and 4,108,837), such as

_ Victrexnh' polyaryisulfones; polyarylamideimides, such

as Torlon™; and the like.



-5. KDX 1118-30: 70 styrene: but adi ene copol ynmer contain- 1.5 i ng 20% SBS

triblock and 80% SB di bl ock, avail able from Shel|l Chem cal Conpany
as Kraton[err] DX 1118. 6. KG 1657-14:86 :
“styrene: et hyl ene-butyl ene: styrene co- pol yner avail abl e from Shel |
Chem cal Conmpany as Kra- ton[err] GL657. 20 7. S 840
A- St er eospeci MOI64B50%7 st yrene- but adi ene S r ubbe PCIHEPGFREMSe from
Firestone Synthetic Rubber & Latex Conpany as Stereon[err] 840A.
8. SBR 1006-random 23.5:76.5 styrene:butadiene SB 25 bl ock

copol ynmer rubber avaia altide fvardddgodfi dloélien or raisingahgébtipamyy alse
Aneripol [err] 1006 . %ﬁ? 02-,Ra 9:[?%3 VAT RS e: bu ,ene
rubber avai %%?%p?rraé%dl-iu esl"]ﬁ?}e%ﬂcga[ﬁs, or %a(z):%o%oo%)rgl’t%%'mb?ggy

ber. Conpany as Anean peé [eekdtil®0Fludg-formimy ageBitendmcheas] akdphatic
resins (e.g., 305,@ddbardbhs i : 336, a - _sold
by General El ec- by e mﬁllpf%ggn?tv%%'e{%ahyg}lg'aégﬁpgg{%néﬁg their
sui tability 8ependeylsneahebytepert i bzchuivdiene, neopentanepp acehpiene,

60 . RSN, or mixturesA8€i bhenak fbew sgENChRiPDS are
provi ded by thi xo- r opi n%ggents such as funed silica.

t
Il lustrative of Phatig hhydrpeprhRongchR¥ing e o BRlegHFaR cWateht f @fed® -

'Sl'ihl i tc?]ls . and%asaﬁnmsi %ﬁa_ &l gfdiqcin&umn&i Beq%s:, e, ﬁ_ahfgté_ ickﬁl-il;hé .
e In 11rifmna e._cnaracter]ze S .pon- pouyr apbl e. I ona ) e
1T mmy be tacky SRESRINHG TRPUEORE. the  ToRiiaum, BAEPTHRL CHeR oRaFH- 2

nunber of wags. Nerwd with thiehpaposetldmn@Plowdings agentsetilieeat. about 23C
of ‘resins can be madTISh CHIBSFab 8 Eomh AT S are BB ehinEPE, o
resin that is solifluombcanbesisn such afat theski qudesadibede conbi ed.to
forma mxed resins 615,972 (column 4, 1lines 21-30) and tetraalkyl
' silanes such as tetramethyl silane, trimethylethyl
15 . silane, trimethylisopropyl silane and trimethyl-n-
propyl silane. As pointed out in this patent, the
boiling point of such foaming agents at atmospheric
pressure should be about the same temperature range or
lower than the softening point of the resinous mate-
20 rial employed. : .

Blowing agents such as the Freons® such as
trichlorofluoromethane, hydrocarbons such as - n-
pentane, i-pentane, neo~pentane, butane, i-butane,
-azodicarbonamide are commonly suggested blowing agents

25 found in these types of in situ-expandable particles.
Typically, the unexpanded particles contain from about
3 to about 40 weight % blowing agent. - .
As pointed out in U.S. Patent No. 4,397,799, pat-
ented August 9, ‘1983, the particle size of the unex-
.30 : panaed particles, as well as the expanded microspheres
can vary widely. . Particle sizes for the unéxpandéd
particles can range, for exémple, from about 1 pm to
about 1 mm, prefeiably'from.asout 2 ﬁm to about 0.5

mm. One version of in -.-situ—expandable.particles is



systemthat is non-pourable and tacky. In addition, a solid or

liquid thernosetting resin can have incorpo- 15 rated in it a variety
of diverse materials that wll render the resin fluid non-pourable
at conventi onal handl i ng tenperature conditions and fluid

non- pour abl e and tacky at roomtenperature (about 15-37 C.). Con-
venti onal han®Wosedosernper at ures are defined gas a tem 20 POTIUSIGHTS Of
between about -20[err]C. to about 43[err]C [€rr] Though the in
si t u- expandabl e t hernopl astic parti - cles or the solid chem cal

bl owi ng agent Wi || sogRdQinder the ranf@| ﬂxﬁi d1e5 et b NGidifed! NTARE e”éscous
t hey al one are not effective for

the film non- pour a
If the thernosetti SY°A8R; nSPRAZRRIYy, $yedes, § Hg Scapgfress: Marﬁ’e?‘é"ﬁﬁrl rﬁpo a

filmby nelting thaooeg)n V\Il'miéyhafﬁnglwd.ﬁ{ unexpand@@nqséﬁtq@iet haitz 2 Vi in
condensati on or addb gn of qr sin to a thernpset, condition
(C-stage). . |f th&P°ut S PIPeE?nal?%u%fr dtft-d, The PaRtAELe) dhRmeters X~
t hi xotropic 3 paf@n2sto &8 Reimexnl i d resins and/or liquid or therno-
[err] This range reflgcts t he fact that material handling can re-

quire | ow tenperat EFB* 8T L tRe plaSiideypendablie Péﬁ%’t%ﬁﬁ d#sed have t he

t hernosetting resia &us:taampaﬁchrdileatsi\mé yofn ohdé eapeéaawi:as achieve hafeause
the filmmay be us Q507

E? % Eliét fact ory VO 9

61 PbsPErEePgs on pa’b?’a%"t'l i §§Forﬁ¥qt@%&l fRelded o

convert the resin foam. fram partiulaily apiefepoed alie 8hbut&ekandEsi®y i al .

The therm)pl tic used,in_for , Si.tu-.ex dabl e

t her nopl ast i ?Spartggpe{ggi? eF e%ﬁ???ce@ n&gli)lﬁ‘bar"g&cfhr dri f%%ﬁé’p@@gﬁ %®P of

mat eri al s. A nunbBeterpolymerf q»ﬁtt:tmalzrﬁner chiothde; sepyiatitifile anfdr

exanpl e, 615 describes.their. preparafion

by pol yneri zi ng theerEr)%l%]o forgezid aquggﬁil%%eﬁgi 8h weig?_xt 8" % sopen-
tane, and possesses the following properties: average

unexpanded particle size of about 12 pm with a spread
15 of about 5-50 pm; true density (expanded in water at
100°C., kg/m®), <20; TMA - T(start) °C., 125-130;

T{max) °C., ~183; TMA-density,kg/m®, <17.
The chemical blowing agent particles (with a parti-
cle size ranging from about 1 pm to about 1 mm, pref-
20 erably from about 2 um to about 0.5 mm) that can be
incorporated are inorganic and organic solid composi-
tions that typically decompose at a particular tem-
perature to generate a volatile (gas) component that
causes microcell formation in the thermosetting matrix
25 resin. Typical inorganic blowing agents include the
ammonium carbonates and bicarbonates, alkali metal
carbonates and bicarbonates such aé lithium carbonate,
sodium carbonate, potassium carbonate, rubidium car-
bonéte, cesium carbonate, lithium bicarbonate, sodium
30 bicarbonate, potassium bicarbonate, rubidium bicarbon-
ate, cesium bicarbonate, mixture of the carbonates and
bicarbonates as well as mixtures of the alkali metal
form of ‘the carbonates and bicarbonates. These car-



of (1) organic mononmeric naterials suitable for polym 10
t hernopl asti c resinous material having

properti es,

lPttl e solvent action

t he desired physi cal

(2) a liquid bl ow ng or raising agent which exerts a

erization to a

on.the resulting polyner, and in a quantity in

excess of that which is soluble in the polyner, and (3) a 15
di spersi on st awpl9siaesayg naterial that is uti Iéezed to . NeiptASIsoNGE
di spersion. The resulting solid spheri- cal particles have a quantity

of the Iiquid-blow ng

Separat e
pol ym

of al kenyl
[err] 25

ordered (includin

agent encapsul ated in themas a distinct and

Phaskonat®s and PitarddRa¥eB! 23h G Hhade rt'so 2§Ecdmpdid Ly

t he

erizatjon of one or nore of a variety of different types

nononer

ouSF: fEeRPerALuESsf bY hingeFporating pyganic carboxylic

to f cxdmdmrrmwl 584 S afhy80p@é sy ﬁBn.swiﬁ@lCEgéét r apeeMPhitor

may be hydrogen,
hal ogen, such5as chids iaed anhydridesrape, cheefiienaced, | adietsc awl X &5d]

may be an aromatic ntaining noje onded_vi a an aronatlc car bon
at om a car bo\;li"yy 5)%%%55?‘8?%% 8?b¥ ‘%fgen THEZS AT9xF cigxiety of
car borchemizad thlewlinge agenitisusiolak iumieaf the name Celyen™

bonyl ester,
96/ 40507

nonomers are those

as styrene,

ethyl Styr eneto [ er el sultony XY befifea s £l 058 MRAR, :PEQIRSLIL ene.

vi nyl benzyl -

..30

15

20

25
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" U PRI, Sl s, cesbopmligr o

PCT/
X[er Ff 'S arona

nitndyroye ) én@hatminclude h@lttgﬂest:yubﬁmylp hpdhyztdeys

chlari de, refle
azodlcarbonam:l.de, and he 1:Lke, that are excellent

chemical blowing agents suitable for the purposes of
the invention. The chemical blowing ageni:s may be em-
ployed in the formulations of the invention in amounts
ranging from about 0.1 to about 3 parts by weight,
preferably from about 0.5 to 2.0 parts by weight, of
the thermosetting resin formulation.
ﬁau Profile Additives

There may be incorporated into the thermosetting
resin formulation certain thermoplastic materials known
in the field as low profile additives. These can be
polymers of wvinyl ;acetate, acrylics, saturated polyes-
ters, polyurethanes, -styrene-butadiene and ‘similarly
used materials. _ '

Suitable thermoplastic vinyl acetate polymer low pro-
file additives are thermoplastic poly(vinyl acetate) ho-
-mc_apdlymers'and copolymers containing at least 5 weight

- percent vinyl acetate. Such polymers include, for exam—-

ple, vinyl acetate homopolymer, carboxylated v:.nyl ace-

~tate polymers include copolymers of vinyl-.acetate and
- " ethylenically unsaturatéd carboxylic acids, such as
"'acrylic "acid, methacrylic acid, maleic acid, fumaric
"a-cid',' itaconic acid and the like or anhydrides such as

maleic anhydride; vinyl. acetate/vinyl _chloride/maleic

err|

t hese.

(Nau\ﬁﬁtuﬁﬁ Chemical Divi 1.on PS%Géowrpuih Iﬁ%mpag}ﬁch

ene,

. aecid terpolymer, and the  like. Referénce ig made to



il lustrative of these nononmers are those in which Xerr] is a
carbonyl oxy ester nobiety to formacryl ate nononers al one or in
conbination with the al kenyl aromatic ' nononers nmay al so be utilized.
Such acryl ate-type 10 nononers i nclude methyl nethacrylate, ethyl

acryl ate, ggropyl acrylate, butyl acrylate, butyl nethacrylate,
propyl met hacWPe/#¥50%ut yl net hacryl at e, | aygyl acry- PCTAUS96/02705

et hyl hexyl ~acrylate, ethyl methacrylate, ~and the like. X err]
and R[err] may be a hal ogen, such as 15 chlorine, fluorine, bronne and
i odi ne, thereby toUsS8~ Patent (Nwmas3, 1l 7fiar lrmid om,fm,cmohlmrlgrgfiyh nyl
chl ori de an Lay| hden okl fe cr Lirile w Vi ny

chl oride, vinyl br%r#g{el;y gg’d gji'cnaﬁlérgh a Sgeréaétsegaéf'ﬁ?/ S O’L: S°m80rﬁ¥9uﬁ%.
X err] may be a cy&Hdtgpbripvinylt Bcetave | pddymeo lowpprpfiie @bditives.

acrylonitrile and maehage¥honihhayl Cacetalee 'gdiymer low ®Ed2818Na Fxgﬁit;gér’g%’g

ester, such the vi.nyl ter, .g., vinyl acetate, viny

vi nyl ‘stear a?’z, ordlxﬁﬁgsl)f f‘?ﬂﬁ a’f‘%],'e‘i}ﬁﬁ% YRAGNE S v Ehipnyihen 1 aniaeh o9 €,

and the |i kEromr ebemﬁtzmluﬂm(tlﬁygbbpc mjﬁpmma.nt SSuit%&eW@MlQ{;E:yl

al so enploy for spgehiifepP s P{Pﬁ!y N- o sagu e

copol yneri zabl e ac?ggééﬁ%hﬂg@ acr ﬁq}ecgagl_ . azléi Lr?et‘lIQa@Pgl ?% {&@%d at

itaconic acid, citPABofoddaditti, Union Carhiids cChenigalf uimmPlastisial, Corp.,

vi nyl benzoi c alci d, pafiBuie cr. I l'i ke. 30 f tghe,ggggm)glragﬁ Idgred

ol ymers may ~al so i ncLude .copo] - . pers (o er

\F/)ariyet i es, égpeci al | ygultaé‘legl H{?@‘}?péﬁﬁa'?rré?g‘)‘r%?eq heoRfseEr sl e ¥ hed

ab?)ve ] Wi th aéﬁlhei eﬁ;dibivég'g_lamear Han Wls,lmcﬁo%w% 4v6e5jég7ht
ene, butene, an nes, , . ,

g)?: PC%’/Q%%%CIO 78’?’“ e85 p (flér r] ﬁgﬂ%i Year.gad °ra%3§%lr1_rcc

dienes such as: ©§t@rs and carboxylated esREUrBtedoPodsinens, anthdsaik poke;

lymerizable esters having at least one carboxyl group
15 per molecule. Polymer of linear and/or cyclic esters
including carboxylated polymers having an average of at
least one carboxyl group per molecule that maybe used in
accordance ' with the present invention are those which
possess a reduced viscosity of at least about 0.1, and
20 . preferably from about 0.15 to about 15 higher. The pre-
ferred polymers of cyclic esters have a reduced viscos-

ity of about 0.2 to about 10.
Thermoplastic saturated polymers of linear and/or cy-
clic esters are well known and the carboxylated satu-
25 rated esters are well known and such thermoplastic satu-
rated polymers, and particularly polymers prepared from
epsilon caprolactones, have been advantageously employed
as low profile additives. Reference, for example is
made to U.S. Patent Nos. 3,549,586 and 3,668,178 for de-
30 - scriptions of thermoplastic saturated polyester low pro-
file additives and carboxylated thermoplastic saturated
polyéster low profile additives prepared from cyclic es-
ters. ' : .
; Other thermoplastic saturated polyesters that are
35 useful as low profile additives are those based on con-



ferr] branched chain acyclic dienes such as: 5-nethyl -
1, 4- hexadi ene, 3, 7-di net hyl - 1, 6- oct adi ene, 3,7- 5

di met hyl -1, 7-oct adi ene and the m xed isomers of di- hydr o- myr cene,
di hydr ooci nene, and the like; [err] single ring alicyclic dienes
such as: 1, 4- cycl ohexadi ene, 1, 5-cycl ooct adi ene, -
1,5- - woyedossiodecadi ene, and the i lég 10 [err] POTUSI6HO9705 g
alicyclic fused and bridged ring dienes such as:

t et rahydr oi ndene, nethyltetrahydroi ndene, di cycl opent adi ene,
biCyC|0'(2:2:1)'heabﬁs§%fbﬂ“§¥aaucts of, prim&kk@ﬁN'dléﬂﬂﬁbkbﬂﬁéeacids and

cycl oal kenyl and C\écl oal kyl. cl s e _no egde g ch_as _.. . _
5- et hyl ene- 2- nor hSFARRES iols. °’(‘ﬁ/|\1§5"“, S8t R I? BCA8P LBF R AMPEENR) |
5- propyl - 2- acidpoisophtehed ic Rdideprtepgbhiheid.c2- aumdbcambrmxe liEke( 4-
cycl opentenyl )-2-n o] e eyl &

S ihe | K ang E\E‘%E gl%cé.s 3%%'1198 Bd' & een% glycel, <:11.e1'.:\‘?]}{J ﬁ] |n 20

astic use |nform
situ- expandatﬂ et héP#Dm%n@Yéag%Y%qJe?nﬁ'aghal made from

colndenfat i ]9n tyloeI pol un@é Ssuﬁié@leainndéﬁhﬁn aspec’@sKQﬁ:l' rﬁhleoan%nﬂydrpra:é 60I
polyester from poly pht hal at e; evl.a aram de;
pol ycar bonat es %//Q gzlﬁopﬁlyiﬁrﬁﬁb ascré(i ﬁ c% E)?%) aﬁ‘@" on-
25 ate)); potfyhe yhddéis:.ves (imcludingpolfpr eé:amﬁleu shdmdpolymers of
oxyphenyl ) propane a%t:—g ol d t | 1. 4es,
such as U te]rsa[Jerr] E@fé {i?l one 4 tQ #}Ql ﬁ%thQQ*%Iate, buﬁgf ﬁ@ff%r%% and
4,108, 837) ch adatgel E'\?FF‘]VJ- acrylaéﬁd REbEL ARudatene GRROMEPAES s OQEf ones

S/ see U. [S Piat- 3? metl Smébﬁacﬂrl@fi& 3 Yowkfd, aﬂ@laré%t%r?so&ﬁyéryli%h as
ctrexferr PO yar Suktones olva a i m SUC

Torlon[err]; and tﬁlél ggacryhéo adf CE%\D 3?5?4 hj methyl meté‘4

PCT/ US96/ 09705 acrylate with duinegr agpynts &f owitengonrmmaa sthghegdisls may

be i ncor por abfgngy t NialirbPe RYeHAREYZALd, ON18¥BLE1L mébRY¥crylate,
15 acrylamide, hydroxyethyl methacrylate, styrene, 2-
ethylhexyl acrylate, acrylonitrile, methacrylic acid,
pelystyrene, styrene copolymers, such as sty-
rene/butadiene copolymers, cellulose acetate butyate,
. alkylene oxide polymers, urethane polymers, and the
20 . like. .
Molecular. weight of the alkyl acrylate or nﬁmhacry-
late polymers useful in the invention may vary over a
wide range from 10,000 to 1,000,000 and preferably from
25,000 to 500,000.
25 Urethane polymers that can be employed in this inven-
' tion, alone or as mixtures with other low profile addi~
tives, are broadly structured and some examples can be
‘found in U.S. Patent No. 4,035,439; EP 74-746; and U.S.
_ Patent No. 4,421,894.
30 - - The low profile additives may usually be employed in
' theacompositions of the invention in proportions from
about 1 to 25 weight percent, and preferably from about
5 to 20 weight percent, based upon the total weight of
thermoéetting resin, low profiie additive and other re-
35. _'acfive components. '



can be volatile fluid-form ng agents such as aliphatic hydr ocar bons

I ncl udi ng et hane, ethyl ene, propane, pro- 5 pyl ene, butene,

i sobutyl ene, neopentane, acetyl ene, hexane, heptane, or m xtures
of one or nore such ali- phati ¢ hydrocarbons having a nol ecul ar
wei ght of a | east 26 and a boiling point below the range of the

sof t eni ng poi wmogsiedore resi nous nmateri al an& satu- 10 I BCTAISH6A$705 he
particul ar bl owi ng agent utilized. Q her suitable fluid-formng
agents are the chloro- fluorocarbons such as those described _.in

U IS h3 61t5 '[972Thét ﬁQ&M”BJlroﬂlle![hagﬁtn?el S&h f&f&l&tﬁtff‘%&}’hr in
silanes such as tetrange Sl ri si | ane
trimethylisopropyl© @H °naHﬂ ?F!f‘r%’f n% %i(emng agentisyn\As & | tikeken)g

poi nted out in thiingpateemtribitor to theilflwy pohataatferdsthcsoaws nghegent's
at atnospheric l.Eressure shoul d be about the same tenperature range

or | ower than t he softening point of the resinous mate- 20 rial
enpl oyed. 3 thina feldams maY thescharactesbzed o2 | noatRouzable.

trichlorofluor orretbﬁﬂamamwr eﬁ@rbpm w% tadky af-well. THE GUHIL-
| - pent ane, neo-pent ane, butan Péeﬁsé azodi car bopam de are

comonl y suggest ed=bIhvFaty §g€ﬁ lnf%meﬁ P cHRYF ypany phprmo-
si t u- expandabl e pasettimgs.resins arky/pschidsy,at haboutexp3ttiedapdr tnanjyes:f

tain f bout 3 t
contaln trom abou bheén re li&&%&nggggh%gg%g?@gﬂ@ ng ﬁg-@ﬂ kj ngs of

As pointed-out in at ent t 9,
1983, the paPticl eresins ofan the grade  Stuid Wrgla%meméstasbyw IFoxs t he

expanded i crospheégsmple, a réefinVehat igladalid Baata0£esﬁh Zersatl Gis t1f1§?

pont 1o oot or B0 53, RGLAE e R B R AVBHm g g 1
version of in si tm@mmmbﬂ-e podt tatksy. i sIn addition, MWGELINOBO7Liquid
65 th@ﬁlﬂéé%%%&%@ém can have incorporated in it a wvari-

15 ety of diverse materials that will render the resin
fluid non-pourable at conventional handling temperature
conditions and fluid non-pourable and tacky at room tem-

perature. (about 15-37°C.). Conventional handling tem-
peratures are defined as a temperature of between about
20 -20°C. to.about 43°C.’

Typical formulations of the invention are set forth
in the following tables.
A typical resin formulation comprises -the following:

7 This range reflects the fact that material handling can require
low temperature storage to preclude premature reaction of the thermo-
setting resin system and relatively high temperatures because the
film may be used on a hot factory floor.



sol d under the nanme Expancel[err],
Sweden (U. S. address:

Sundsval |,
i n unexpanded par

The particle dianeters ex-

I n situ-expandabl

spread to achi wodekbse7

nol ded

met hacrylonitril g
possesses the fol
of about 12 [err]
(expanded in wat €
[err] C.,
The cheni ca
from about 1 pn1t
about 0.5 mm) thate
solid conposi -

by

ticle size from

Marrietta, GA

Nobel | ndustries

30062) .

Sweden,
They ran

ge

about 5 [err]mto about 50 [err]m

perature to gene
m crocel |
I nor gani c. bl ow ng
bi car bonat es,
i thi um car bonat 4

car -
bi car bonat e,
bi car bonat e,

bi car bonat es. T

PCT/ US96/ 09705

5 pand 2 to 5 tines. Preferably, the
e particles used have a mxed particle size of wde
best packing, on expansion, in pheusyddeREti C
f oam A particularly prefer?Qﬁj in situ-expandable 10
particle is Expancel[err] 091 DU, which is believed to be a
terpolymer of vinylidene chloride, acrylonitrile and
ght 0% isaopen tane and
qntF‘Q' avbr l;ylcal comPOMan(Rﬁn Si ze
Begddmh a spread 15 of about 5-50 [err]m true dendity
A amixture of] 0@ , ankploNaac] 9‘-poxy<20 MA - T(start
125-13( multl"funcf-é-m E?-‘f (Bis X gpoxyMVA- densilty, kg/ nferr], K17.
blov H‘%%/\P’t F; SPeXY | - cle size ranging
cos:_ ac 1:;2 T;J.S ep % e\{)o lgogg 2 [err] mr!t o
3 LETRHEATET & |ﬁ§5rga i"coand or gani G
ture |ons that yplcally ‘deconpose at particul ar tgm .
FiGef RECaTHRhE rmrs,onponem rrat CAuSES -
fornat|1§I11;;rg§-f+ggﬂgmmggrr o hen STyt
g%mtss £he! iee! s Melam:. Lhgugpes and
al § of the J) an o ates such as
mulatlon sodi um car opate pota55|un1ca bonat e, rubidifum
bonat Wettin Euunat &, 1o UI car orrate—sodronT 36 _
pOt qd eH—trror-eer-on =S+ UM
m X1 e Eté hewggglﬁgna%as and bi carbpnates as well [as
m xtures of the: ctlflsa. ér "ed@l the resifrp[ﬁﬁrp-fiohh@ cagfiaaat ¢9.600 0
 cesponatt., ¥At96/ 40507 qd6
ngg@ener
An elastomeric mate- | ABS Polymers 0.0-10.0
rial selected to im- |Silicone Polymers
prove durability
Filler
Amorphous silica par-
ticulates added to .re- | Amorphous Silica 25-90 .
.} £fine cured CTE. .
Curing Agent ;
T Aromatic Amines,
Amine, phenolic and/or | Guanides, Novolacs, | 50-125% Stoi-~
homopolymerization Imidazoles, Imida- |chiometry,
catalysts zole Salts, 0.01-2.5%
Phosphines. Catalyst
‘Thixotrope
. . Fumed Silica
‘1 Flow control agent Treated Clays 0.0-5.0

_specific representative illustrations of such film for-

mulations are: the following:



bonat es- and bi carbonates can be made to deconpose at ' | ower
tenperatures by incorporating organic carboxylic acids and acid
anhydri des bl owi ng agent accel erators into the formulation
Sui t abl e organi c carboxylic ac- 5 i ds and anhydrides are citric acid,
acetic acid and anhydri de, mal eic anhydride, There are a variety
of ché&ve 8adosarl owi ng agents sol d undgr t he nane Cel ogeotesdsloores
(Naugat uck Chem cal Division of U S. Rubber ébnpany (Uniroyal))
that include toluene sul fonyl hydrazide, 10 tol uene sul fonyl

sem car bazi de, 5-phenyl ‘tetraazole, azodi car bonam de, and the
like, that are exceljent ﬁhQMA;u_Jn4mwng_agenf< suitahle for the
pur poses of he invention  The r‘hF\m cal hIW t‘-a’hent% nRyvy be m

pl oyed in the fornullati ons &P"RPIRERENYE from

about 0.1 to about 5-9a*F§13r@ﬂ¥* - b to
2.0 parts by weight T 222, |
: LI Tact 742

Low Profile Additivgs =% et , _
t hernosetting 20 resHr=forat-ot =} ' i

: ChRSIRtRe . i
known inthd field SoHGW prof I Taoada] %gs. Apestveh: give
pol ymers of vinyl ag ), Falt 4pgf e POIYES™ o ters—
pol yur et hanes, styrdne- BUfB_EFQBe ed | STholerly 21.6 UBEd NPLEhe8 S| 25
Sui t abl e t her nopl ast]i_ Epichyh 8308t ¢B)e POl YGB8 | OW pFo- = fITe--=
additives are ther | asti Mbar¥k(einy] acetate) hé-0 3.8nopol yre+ S}and
copol yners cont ai nin 34 ight ——- pdrgent vidwl pcet@i®. |
Such pol yrmers i ncl ude,-Bi8pdex 341 (8 P |vinglkOadet atd 8h ;
carboxyl ated vinyl gedicvacite 550 s o s -ackaglecopdty —viayl
acetate and et hyl eni : e H—c B 2 agids—rsukh— A%

. . Teco- 008 “I”. e . : ?
acrylic acid, nethgcrylic aci ,‘1jﬁﬂ eic acid tharlc 70.1 abf ot
itaconic acid and the TTRer® 729N r I 0es ras ~TrEtseT it i de;

218 0.6 T2 1
vinyl acetate/vinyl [ Chl aj 4 0®DSE[EI)C | 3D 5.4 fCI U5 €T oI YTER, | and-tie
like. Reference is|made to Dicy (14 0.9 _ 0.9 0.7 —

BTDA (15 ——— —-—— ~—= 31.4
2-MI-Azine (16 —— ——= ——— 1.2
Total 100.0 100.0 100.0 100.0
$ Resin 40.3 26.6 20.3 38.8
% Wetting Agent 0.0 0.2 0.1 0.4
$ Toughener 8.5 5.0 - _ 4.2 0.0
$ Filler 42.4 61.8 70.1 27,1
% Thixotrope 2.6 0.6 1.2 1.2
Notes: i
: (1) Bis A based | (5) Bis ¥ resin, ["{5) silica powder, r(:1.3) 4,4- !
:.s:i.n;ush:il. ‘ Dainippon Ink 1 Malvern Corp. ‘ ::;:imdiphonyl— :
| Chemi . ] 1 | cne, Ciba 1
1 1 G‘éﬂ!
l-(2) Tris epoxy '_(G) Epoxidized lf‘uo) Silica pow- F(:.l) Dicyandia= 5
lmmm 'a:mticm. | der, Harbison IM,M;-W'
|.Ciba Geigy | ¥alker L i
| {3) Toughened ep- | (7) Nonionic sur- 1 (11) Silica pow- r(:LS) Benzophencne !
| oxy :::ls.uéo | factant, Monsanto d.z, CE Minerals m.lnhyd::l.dn :
I_mm L
:—“) Epoxidized !"(8) ABS toughensr, : (12) Fumad silica, r(J.G) Methylimida- =
| Phencl novolac, | Ceneral Blectric 3 Cabot | sole-asine Cata- !
| Dow Chemical Co. L Llyst '

These resin formulat:.ons are made by conventional

mixing of_the components in standard mixing equlpment

5 - for viscous compositions. Good results have been ob-
ta:.ned using a Ross® Double Planetary Mixer, provided
with vacuum construction and jacketing to control tem-
perature and deaerate .the mixture. Mixing is -.typi-

- cally effected by blending the resin, unexpanded par-



WO 96/ 40507 67 PCT/ US96/ 09705

U S. Patent Nos. 3,718,714 and 4,284,736 and British Pat ent No.
1,361,841 for descriptions of some of the suitabl e vinyl acetate

‘pol ymer |low profile additives. The useful vinyl acetate polyner |ow
profile additives 5 ordinarily have nol ecul ar weights within the range
of f r owabenese725, 000 t o about 175, 009E Sui t abl e pol yRCTA$96/09705
acetate low profile additives are LP-40 and TP-40A t hat are sold by
Uni on Carbi de Chemical & Plastics Corp., Danbury, CT. 10

Sui t abl e t her nopl agitctesat L&B&@tﬁbnp;ﬁ yeﬁr@bnbﬁuspr Oextenders,fi Idilaiédltbl,ves
are, in general, |ow polecula

d f
pol yrmeri zabl e |i neSPTERY/ 3Pe8gclai“§g vacuum eg‘f@a%‘ljg;ﬁ 5 5%5‘&?7?;9?“&%%&?& at ed

pol ymers and said pbr. The tkpperatabs eclster sisharamigbdle Icmmlndcmg on

car boxyl group 15 p WAL I n m!pl/ sters
I ncl udi ng car boxyl a Sﬁ%%‘F@;%&J cfeFavtlhr?g(yan a\ﬁiggjé%% oﬁfé By d‘ﬁy ?)lgne
carboxyl grod&p per tapbepatatelmimitnythe usssin and the maogdageatwl t Ant he
present invention tho | €55 A KLe | SEO0Sit f at

| east about 0.1, QBEBOQ ég?)%\gfgﬁ%bf ?%%a oﬁut%yob 5%{:13‘?&% éutﬁﬁ 2”0 s

The pre- f ekhedreeiy neith o$orag/cp¢:&tiem @fs they Lormudatden \tpseés-
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satu- 25 r at edtBet ERE1RG cagRRY, k%nt}ém'd qqmiinen e‘:lhf?omeéét i sperged

rated pol ymams, anflipas}ise!lad |t RELY Beh Bllﬂpaﬁeérfé&m:.tlons Riildiag
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depicted. Figure 7, which relates to a prior art
process for making flat board PB’s, describes unroll-
ing glass fiber fabric from fiber glass fabric roll
111, passing continuous sheet 113 of glass fiber fab-
20 ric into resin trough 115 via guide rollers 117, over
guide roller 119 and under guide roller 121. The num-
ber of guides shown is symbolic and not necessarily
indicative of how the resin 1mpregnatlon step is spe-
c:.flcally carried out. Trough 115 contains sufficient
25 A-stage thermosetting resin to allow the desired im-
pregnation of the fabric. The fabric withdrawn f£rom
trough 115 is fed through squeeze rolls 123 set to nip
fabric 125 and reduce the level of resin therein.
' Fabric 125, containing A-stage thermosetting resin, is
30 fed to treater 127 containing heater 133, Fabric 125
'is fed over guide roller 129, past heater 133 and then
over guidé roller 131. In treater 127, polymerization
.of the.A-étage resin is initiated so that the thermo-
~setting résin in fabric sheet 135, is transformed to a
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densation products of, primarily, dicarboxylic acids and organi c
di ol s. Some exanpl es of such diacids are adipic acid, isophthalic
acid, terephthalic acid and the |ike and such glycols could be

et hyl ene glycol, diethyl gly- 5 col, neopentyl glycol and the |iKke.

Al so suit abl ewiorssagsot ai n aspects of the invegtion are PCIVUSIBPE7eSt | C
pol yal kyl acryl ate or nethacrylate | ow pro- file additives

i ncludi ng, for exanple, honopol ynmers of met hyl net hacryl at e, ethyL
met hacryl ate, butyg- §E3#§“¥éélﬁ“) Preﬂr@beiabﬁgEhﬁhe@ErYﬁgtﬁs gﬁ&ﬁ&ﬁ

acrylate; copolyners o net hacryl ate and | ower "al k esters
of acrylic R eret e AP F@l&EFH§°naﬁﬁlkok§ﬁ neme @FeREFHyIaPEﬂﬁ-

?cr yl alt e Wlt thh i POIBEIWQHDE%tOfa OBepr:af@r %tﬁi::.bh? fuﬁh:-olled and o¥hidto
auroyl ne acry ate, jspborny t acr t acry

hydr oxyet hyl %A 8 ’s‘{"&?:{g 1:yszal‘ﬁ Th%¥ h?Fﬁeychn Sperim-
acrylonitril®, mat;kﬂmylud: ﬂm:rd,a multl-lagéyspyé-elmina&t )lra@ﬁap struc-
copol yners, suc a e/ byt adi e (0] o]0} cel Ll ul ose
ccetate butyate.  uré 143 Hataining (cbBRFE HOLE O el R SIS, 3eE " any " e
20 like. bottom/bsnnfri@afs wef giuheofmﬁltte.pabk)dupacrﬁ.mpesedoIpneptr:legcr y-

| at e pol yners usef the Vel ' Is e
from 20,500 to 1, HEHRY an preﬁe?qﬂﬁ”%“é%”r@ Tadds,tprsttel §359°
Ur et hane polyners xamanaﬁgr 6é5e#pmpyé§ g %hP%at¢anﬁeSS containdng aPone or

as mxturesygdth %é@rhba%arguakenadﬁv and 1ow"eh:V9:§eat%Be ?IQ@&&YMQ.
structured and sone exanples can found in U 'S. Patent No.

4,035,439; EP 74- Mich pressuge and heaipatmiqadlmamgn@gaso“;b. the B-The
|l ow profile additig éiyéngég{%pglIguggdegglg% é?? aélraﬁygggg5| highons of

the invention in proportions t percent,” and
preferably from abeAminate 13} ds ztzrimeghtap@r@éned EéPseﬂOGporfltnh@hﬁdt al

weight of . - tHetfmaRld 113 @Sith adeOWHRROHUe 13¢di bakRagld 25Behnue- 35
active Conponents
15 shipped to the PB producer.

Figure la, a side view schematic, provides a fun-
damental characterization of a batch process for prac-
'ﬁicing this invention. Press assembly 1 comprises an
upper platen 2 and a lower platen 7. Such platens can

20 be provided with heating capabilities such as electri-
cal resistance heating, placed cartridge heaters, or
by injection of hot gas or liquid, or a hot gas/liquid
mixture to hollow or tubular interiors of each or one
of platen 2 and 7. Provided between platens 2 and 7

25 are tool 3 and thermosetting resin film 6, metal foil
5 layup. In the usual equipment setup, tool 3 will be
affixed to the bottom of platen 2 and the layup will
be resting on the'upper surface of platen 7. The term
“tool” is intended to correspond to its definition of:

--30 “A bookbinder's hand stamp. ...A design impressed on a
book cover by such a stamp.” Tool 3 contains an em-
-bossed face 4 representing the male (embossed) image
of a printed circuit pattern exposed to the upper sur-
face of foil 5. When the platens are brought to-
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The I ow profile additive can function alone or in conbi nation with
ot her thickening agents, as a thicken- ing contributor to the flow
‘characteristics of the ‘resin. 5 The thin filmmay be
characterized as non-pourabl e. Optionally, the filmmy be tacky as
well. This covalesseser - tion can be achi e\igd I n a nunber afCTAISSEN9TRENY

t her no- setting resins are solids at “dbout 23C. and nmany of
themare liquids at this tenperature. Bot h ki nds of 10 resins can bhe

made fluid non- pougabheramiabacw conE@éts the W'ﬁarﬁdeesbf\ gkl S
solid and a resin nmbi ned to form a_m xed

a
resin systemthat i 5 an%oit?ﬁﬁﬁétﬂ é’egﬁﬁsfagk?t UPREL GERGR - aB8al i d
or liquid tbausesfbung riasuunmaraﬂan\&mhemltngr aaddeablé) Mtvasi - 15

' ' fluid .
non- pour abl ¢ at | coGBRE; SRAIENEN (40F°, AREPalaH o+ BecRiAnAAtERify

fluid non-poudr abl ethedmosekying rexim tfdm 6 is nqtercainelde or( gedded and

15-37[err]C.). al ngl| res |ned as
a tem[)eralur)e of %?\%\gg%ég%ou%ﬁg @o&_@gcé nho"j cP rog@?g %l er(r%]‘%%

Typi cal fornul ati opgnetrakion np¥nmedal alfelée‘LS fwdrthiout signlpfﬁcama fdeOWOV\A ng
tabl es. A typl e@kih®S As’ Q TELALL ONESOIY | 58S 11dd! |0 MrA%i mum

penetration of tool 3, to impress a metal foil 5 pat-
10 tern in resin film 6 that fully replicates the pattern

of embossed face 4. Aé shown in Figure 1b, film 6 is

debossed according to the pattern of foil 5 replicat-

ing the embossed pattern of face 4 affixed to tool 3.

It contains the debossed grooves 5’ that correspond to
15 the embossed portions of face 4.

A significant feature that Figures la and 1lb demon-
strate is the freedom from impediments within iso-
ﬁropic resin film 6 to the penetration into it of
metal foil 5 by compression of the platens 2 and 7.

20 The resin film 6 contains no fiber component that is
| part of a woven, knitted or otherwise bonded (as in
the. case with some non-woven fabrics) structure, or
part of a twisted yarn or continuous filament contain-
ing structure. 1In addition,. the re'sin.film 6 is free
25 of other solid component that has the capacity of re-~
stricting the penetration .of the metal foil into it.
In addition, thermosetting resin film 6 is an adhesive
in that when it is gelled, near-gelled: “and/or
cured/post cured, it significantly bonds to metal foil
. 30 5 in -contact with it during gelation and/or cure, such
| that the shaped. debossed/embossed configuration of

. metal foii 5 is retained by the composite, .

Figure lc is a side view schematic that illustrates
another embodiment of the invention. As noted herein,



[ferr] This range reflects the fact that materi al handl i ng can require
| ow tenperature storage to preclude prenmature reaction of the therno-
setting resin systemand relatively high tenperatures because the

filmmay be used on a hot factory fl oor. WO 96/ 40507 _
70 PCT/ US96/ 09705 Conponent Typi cal
Conponents  RIVQ86/4054% ) Resi n A m xt :?rse of di- and NoraramsssaeTesy
mul ti-functional res- Bis A epoxy ins s€lFected to give a Bis F epoxy
. desired level of vis- Tris epoxy cosity, tack and gl ass Brom nated epoxy
5- 60 transiti on the tJ.Qiﬁé@lrt&bn pﬁd{fz.‘i‘ies o '8 @%F%B@%Q%xrgg'érdﬁa%e afn?rne

Filler(s) that Decabro I hances

pyr ophos- 0- 40 ttngéﬁﬁn Eoiﬂet?ﬁg ighipecontagh ity the megal nkPidgent
Selected to promitger. cBighetelcwebhppise®fa suppditing bNa_IyéﬁWZZ r&sl n
Non-ionic Surfac- hener An

el astomeric mate- h%@gv%b?ﬁr%?‘go %' Fesin §idmi8: 0 TherFHPp°§E+ tERYe%

im SiliconeS5Pol yneay be a variety of materials. For example, it can be
a polyolefin film or paper (typically release coated
paper} support for film 6 that is kept in the compos-
ite during the curing operation and then later re-
moved. Generally, supporting layer 22 is

10 e a thermoplastic resin film, such as nylon-6,6;
nylon-6; nylon-4,6; polyester from polyethylene
terephthalate; Kevlar™ polyaramide; polycarbon-
ates (viz., poly (2,2-bis (1.4-oxyph'enyl.) propane
carbonate)); poiyarylates (viz., poly (2,2-

15 bis(1l.4-oxyphenyl) .propane terephthalate); poly-
imides; polyetherimides, such as Ultem™; poly-
sulfones (see U.S. Patents No. 4,175,175 and
4,108,837), such as Udel™ and Radel™ A-400; the
polyethersulfones (see U.S. Patents Nos.

20 4,008,203, 4,175,175 and 4,108,837), such as Vic-
trex™; polyarylsulfonés; polyarylamideimides,
such as Torlon™. and/or

e a fibrous material such as a thermosetting resin
impregnated glass fibe:f mat or web, or an unim-

25 pregnated glass cloth or web, a spunbonded poly-
ester, polyamide or polyolefin sheet, a thermo-
setting resin impregnated glass fiber fabric or
tow prepreé mat or web, and the like.

Figure 1d, a side view schematic, depicts another

30 embodiment. In this fiéure, the debossed portions 5’

of the laminate has been préssed through the thermo-
setting resin film 6 into supporting layer 22. . In
. this case, layer 22 is a material that has the capéc-
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St oi - honopol yneri zati on | m dazol es,. | m da- chi onetry,
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fol | ow ng: ity ¥ P10/ the impressed metal foil 5. Materials
PCT/ US96/ 09705 . . . . .

Wi ght % that have thdg GRRARitY RfifotRAFTRENABSEIE AGALR; Féims
Adhesi v and low density fibrous structfres, such Bs a glassC
'[I')a ctix 742 (2) f:l::l?e(_irznlv;eiq?%ng_ g:a'xer 184 _5<§e_nsit'y' fibrous structures.
Wi ght % 5 Figures Zodpdnshtrate Adhesiupde Anfheembedinelnesi for
Adhesi ve ractici e method,h of_ the :ﬁwention BFi ures ZaC
D RRTEY (B 1957 - 29
DEN 438 (4) @nd 2b shpw Gschematits. siide viges 3of semi-continuous

process for making laminates of the invention. In

Figure 2a, semi~continuous unit 8 involves the feeding

10 of thermosetting resin 9 to a pair of calendar rolls

10 that continuously form thermdsetting resin film 11.

Film 11 contacts metal foil 12, withdrawn from metal

foil roll 12, at nip and guide rolls 14. There, foil

12 and film 11 are pressured into contact and as a

15 composite film 15, they are passed through guide rolls

16 to a stamp pressing station comprising platens 17

with associated tool 18. Platens 17 are similar to

platens 2 and 7 and tool 18 is similar to tool 3.

Platens 17 are put into the closed positién, and' com-

20 posite 15 is compressed and debossed with curing, near

gelation, or gelation as described above with respect

to Figure la. The heat treated and heat affectegi com-

posite 15 is passed to cutter 20 and collected at the

stack of laminated products 19 for further processing.

25 Further processing comprises trimming and eirentuélly

modifying the metal foil layer to make laminates 19
suitable for PB applications. o _

Figure 2b differs from Figufe 2a in supplying sup-

porting layer 22 withdrawn from roll '25 to nip and

30 gui&e rolls 14. In this case, the resulting three-

layer composite f£ilm 23 is fed through guide rolls 16

to the sfamp pressing station c_ompriging platens 17

with associated tool 18, as described above. After
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Doubl e Pl anetary M xer, provid vacuum constructi on. and
jacketing to cont 1t ¢Fire has sepedayyurand ahericefatte thecankinueus

Mxing is typi- oven where the resin is cured/fully cured. In the
20 semi~continuous processes of Figures 2, the slowest
process step is the press st;amping step. By minimiz-
ing the length of time that the composites 15 or 23
are kept in the press, it is possible to substantially
speed up the process. ‘

25 Figures 3a and 3b show continuos process for prac-
ticing the invention. In these figures, thermosetting
resin 30 is converted into film 35 by calendering the
resin between calendering rolls 33. In the case of
Figure 3a, film 35 <contacts metal foil continuous

30 sheet 39 withdrawn from roll 37 at nip and guidé rolls
41 to form composite sheet 65. 1In the case of Figure

- 3b, supporting layer 63 is withdrawn from roll 64 and
fed to nip and guide rolls 41 to form composite sheet
65. In each figure, the composite sheet (46,85) is



cally effected by blending the resin, unexpanded par- WO

96/ 40507 72 PCT/ US96/ 09705 ticles,
el ast omer conponents, extenders, diluents, curing agent and vacuum
punpi ng to renove entrained air. The tenperature chosen is variable
dependi ng on the viscosity of the formulation. It may be desirable

5 t o separ awobiyose7x the resin and the curj,ng agent. | n PCTUSIEOYNS A
case, the forrnulation may be divided up to X the resin with sone
portion of the fornulation to ef- fect a well dispersed condition and

do the same wWith feq tdUdBYINhATVIN, 4300 WHIVA UHRABst A WRlsl sur-
di spersed 10 m xes, so as to mx themall ,under c%gdltlpns voj di n

premature reacti onf2C8acANEr BEHOFE IS YRRSLoRs: Rfnthe Pripged S4qquiss  ( he
art. The faltlkevhngndtSeEStoober fib2iies intdhehdr aviNUfesin surmnd
the figures shomnngggrein. gbne of thg figures 15 shOM/%hue di nensi ons
of the various conf8f&ft £F hthe comPOSiEffcricdthe EPERPEITS FRPERS: ATG es
to a prior ary suppoeeedsb{ orolbi 48) durdngbeheddEBossinkpssydgies Mheol | -

ing glass fiber fabric frogmtiber glass.fabric roll 111, passin
conti nuous sheet 1%%58?s§$a§§e ?bé%lfagp)zﬁxe #?é:?%t8v?%s%i F& ﬁghl%ES
via guide rollers this ovase comprdsede rallesry St9faces urdder tguisippoait er
121. The num f ' h .S [ n t ecegﬁﬁ{i

i ndi cative of hOM/fﬁgg?ggiﬁg% g?%ﬁ%a?ﬁ%ﬁtsfg%ngﬁsggg 8v8 4(?i'fica %ﬁé/
carried out. Troughsieffestedi by bSeptingchamps 51. A-Qthepe herting means

resin to allgy thegdgsisedehffioved, sRERIMA | Qhebhesbably Cneatdie dibric

wi t hdrawn from troug 15" 1s fed through squeeze rolls 123 set to nip
fabric 125 and red%€8™ bratedver 9% heatied oveerej Rreferablynpthe oven

contai ni ng A-stage jlsheyfDeRé t cBlvegtion t§psOto ifrfifhrle0 Wnir® Hedking
containing heater %%%'cgigylcR%tSer than curing the sheeis {53,67) in
oven 47, the sheets may be brought to gel or near-gel

15 conditions, and later cured in a separate oven. Such
technique will speed up the process considerably. The
gelled, near-gelled or cured sheet (53,67) may be cut
to size by knife 55, the cut laminates 57 are stacked
for further processing.

20 Figure 4 is a test printed board 80 that contains
grooved circuit 1lines such as 84, 86, 93, and the
like, and sockets 81, 85, 87, 89 and %1 for chip and
other device placement. Board 80 containé a plurality
of holes through it such as. at 90. Board 80 illus-

25 trates the 3 dimensional nature of the debossed lines
and the sockets which aid in solder displacement and
alignment of devices .in the board. In the :case of
Figure 4, the whole of the top surface of board 80 ‘is
-clad in metal foil, preferably copper. Figures 4a,

30 4b,.and 4c show side views of board 80 taken along

' lines 4a-4a, 4b-4b, and dc-4c. .They show the distinc-
“tion bétween the sockets 89, 85 and 91 to the grooves
as in the case of 84 and 93. Needless to say, the
cﬁaracterization of grooves  in Figures 4b and 4c



‘is fed over guide roller 129, past heater 133 and then over guide

roller 131. In treater 127, polynerization of the A-stage resin is
initiated so that the therno- setting resin.in fabric sheet 135, is
“transfornmed to a WO 96/ 40507 73

PCT/ US96/ 09705 B-stage resin. Prepreg fabric sheet 135 is gui ded
by rol | WO9630507 0 col |l ection roll 139. 7 he prepreg fabreQrnsee/970835
is, at a separate station, unrolled and cut“Yo - sized i ndividual

sheets 141. They are then superim 5 posed to forma nulti-Ilayer )
pre-laninate |ay- lmééﬁllycmagnz.fy Fokeviddal OfdrbetiesceORRR! shigk! o2Nthhe

Sheots. TPelSy. AFRTRR: oEithEs S shoupy odn REALELoR, Pf LhAHaE G5 1RE O
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ower heated pla

350[err]F., the B%é@repﬁeg e a\rgasibngi:@B%#Jerbgtgaﬁﬁ Sb Er?nat e

151. - L2ni natef 18 iiaventihond and sized to form f| n| shed

| am nat es 153 t hat arﬁlgtulggpeg#lt ih%gtgggggggﬁel%g a?g"é‘?proﬁ‘@’i Rgxd %o t he

PB producer. e view schem ,
dament al char acter#ezféﬁlélﬁ detalafehl pcégdsLriogy thencstamped compegitai s

i nvention. Press éESH%WQBYFigﬁQQPrlsﬁs anIn Fl uﬁ§”§§'|@ %hﬁgdzdgpg sBelover

platen 7. Such platens can 2 provi ded wit heat i ng capabifities such
as electri- REfcurserspaREe hRAt { mide prisve #hosnd icdgdhgednaention

by injectiomof haorgainghgl baved. ré’éiﬁl @Oﬁo Gas/dn 4 Bonded m@té‘iUESiiO
hol | ow or t ubul arp,% nterior.s of eacge of platen 2 and

Provi ded between pl SREFFHN LS 5 mg%t{'?}bl Bsaiﬁﬂdtﬁé’rrﬂiseet?%f n§°FES| n
filme6, nmetal foi IabradlnngIe&;tuas InIhhehléSuabeeaﬂl pmgﬁt_»essappthéogke?e wi |l

be af fi xed tg, i %?: g(r)r?ﬁé g 1:2 and. t Ca RUR W Lbo ana 1685

resting on the upper sur
and then to belt sander 102 to remove the top surface

15 110 of board 108. Belt sander 102 comprises sanding
belt 103 driven around rolls 105, and passing over de-
flection plate 107. As point out above, such abrasion
can be eliminated or minimized by first printing a re-
lease agent through a silk screen in which the desired

20 .metal plated pattern for the board is masked. A suit-

| able release agent is a silicone fluid release agent,
and the like. Then the metal foil is placed on top of
the uncured resin film, and registered to correspond
to the debossing pattern of . the tool.. When the tool

25 compresses the metal foil film, the debossed portion
of the foil without release agent adheres to the de-
bossed thermosetting resin and on gelation and/or cur-
ing of the resin, a secure bond is created between the
‘resin film‘and the metal foil at the debossed portions

30 onl&. As a result, a slight abrasion of the surface
of the foil cladded board with an abrasion tool or
with a pressurized stream of water is all that is.
needed to remove the unbonded, non-debossed (i.e., the
embossed portions of the debossed board) metal foil,



"tool" is intended to correspond to its definition of: 30 "A

bookbi nder's hand stanp. ...A design inpressed on a book cover by
such a stanp."” Tool 3 contains an em -bossed face 4 representing the
‘mal e (enbossed) image of a printed circuit pattern exposed to the
upper sur- face of foil 5. When the platens are brought to-

WO 96/ 40507 WO 96/40507 PCT/ US96/ (38705 PCT/US96/09705

74 gether, face 4 contacts the upper "Surface of netal foil 5,
and starts to depress that upp'er surface. Be- cause foil 5 is thin,
and inherently nal hgabify tHe idured resihaeir@eveVEIZl frddler mRal feoim 6.
Because isotropic 5 her nosetting resin film6 is not cured or gelled
and possesseS*PAB®Correct flow properties, it accepts

penelt raticonI by et al |Tmt| ﬁswshbwut iai giighireasb, f rewoval fofoine:ta&i foids a
result, foil 5is a on_maxi num trati of too ,

i npress a net al foPk gYﬁa{Leavms a PRinteq, ‘F’e’g‘? %f tg‘et IFECOV G 3’ and
replicates tie pat thensockets of(netthahoed) f and £0ilds cdearn emboBisgdr aselch,
film6 is rd| 0 e pattern of foil 5 replicat-

ing the enbossed pa??éggnc?g' acé? = F‘?‘Eed to tool 3. It contains the
debossed grooves 5' tHigureré empomdt@m iew of e RErimesice £ gooy tthenslad-f ace
4. A Si gngaacgeacafgéyrﬁogmtséf' Sﬁr &?eali'd | p1460B0- 6a, 6b,
strate is the free rom i npedi ments within ropic résin’film
6 to the penetrati 6f.i @RS | §daf respectﬁcgeéy,fcane sewly  @wayr estden viewshe
platens 2 ang 7. 20aken TiFord thdd 68-6aC0BRAEHS 60-6d ha GRIIBANCNCrBal 1S

part of a woven, knit ot herw se. bonded as in case wth
SOME NoNn-woven fabFlPPIé?es sﬂﬁlct BPa, 84p, 89, ppdi 93p RavRi @@éryd-teﬁdé

continuous filanenlog@bédi Rithin théNBo8kELICLHr & pobll addiddlder, threesin
filmo6 is free 25 of other solid coggsg nt th t has the ca acltg/ Qf re-

stricting the penePVata}so"rlllrd'Pgt hePdet ZP &3t 8 j 3Ry irregularit
lead size, all of the leads will be adequately made

15 part of the circuit. As shown in Figures 6a, 6b, 6c
and éd, foil cladding resides only in debossed areas
- of the board. .



I'n addition, thernpsetting resin T—I*ﬁa—é—madwe in that when
it is gelled, near-gelled and red/ post cured, it
significantly bonds to netal foil! g{m!I ,E”! YHHL with it during

gel ati on and/ or cure, such bossed/ enmbossed

configuration of “nmetal foil 5 I's retaine bythe conposite. .
Figure 1c is avopeasen ew schematic that illugtrates anecives96/0970s
enbodi nent of the invention. As noted herei', WD 96/ 40507

75 PCT/ US96/ 09705 the invention provides for a .
supporting surfaceé . the resin filmthat is in contact with the
netal foil Iayer ‘Figure 1c conprises a supporting |layer 22 ad-

hesi vel y bonded to res.l n af ithIithiil'd‘iepﬁimm thodrd @curSor cBRAvabring a

vari ety of rraterla . %r exg ,d.itlcgn.be q#ool olefin f'{”{nor
paper (typically r g‘éé’? BoaPBd @ dieleghaify ERREBRICTGPRY i FRPE™ hatiPs.
kept in the conpos-layer andte dhweatngante e€laatng caddyatcandumntd viehemetal er

re- - ngyed. @%;Hr alléy%vr p&rltep#g J%}@%r v&? Hohdiflg w1th] a[e%ftle of

t her nopl astlc resin tirlm suc as n
nyl on-4, 6; pol yest &hef r aspo| yEitlmy| enetionally contabnimit laal sgupporting

Kevl ar[err ol yar g S 2 bi s
(1. 4- o&yph]enel )yprorég@?c E&hﬁ(fiasr:.l?@n 227 bonat Ig?fe a<;[):"i!;l 5%12%/ ‘at ef%(yﬂi aﬁa

poly (2, 2- ermop&agﬂup@%y!pﬁényn) qenggshe withe fihehpthey Sb@¢y-

i m des; pol YEt her| e Séé‘élna%.a@etremerrkinp(%)é dielectr:.c thé%&@@@s
(see U. S. Patents Nq. 4,175,175 and 37), such

Udel [err] an® Radeltf®@r Feainopaverhas an unlmpe% f@l‘-ﬁEFgﬁFfﬁlﬂ@é 13(§Ee
u. S. Pat ent s NQ.SéaSEOequal to tHatdQE 202 £féil7da}edd lﬁb}d:le‘h ¥8.4%37), such

23c?1ﬁ ;s Tor | on[err].tigﬁ)c(l}rg l:h:n.n Pﬂlx %jjr‘}m%%ea%do&r% ¥ ¥1’i Psgi%lr%g Z

t hernosetting resi wherein the ellqmtegnaﬂ.aagl gbadactivermetdl ofoileblaperan

uni m is deposited or wrough'-c foil and has an uniform thick-

15 ness between about 0.1 mil (2.54x10™ cm) to about 20
mils (5.08x107% cm); varying +10 percent for deposited
foils and *5 percent for wrought foils.

4. The thin film printed board precursor of claim 3
wherein the dielectric thermosetting resin £ilm has
20 a) an uniform areal thickness Eranging from about 1 to
about 250 mils (about 0.00254 cm to about 0.635 cm)
as calculated from the weight of resin film for a -
‘given area; '

b) with minimum and maximum thicknesses not exceeding

25 ' the deviation factor set forth in Table A.
Table A
Range in mils Deviation Factor
1 to 5 + 1 mil {+£0.00254
cm)
5 to 10 - + 2 mils (+0. 00508
) cm)
10 to 250 + .20%

c) low flow at a broad temperature range;



"25 pregnated glass cloth or web, a spunbonded poly- _ _
obrcanared o1 aes ti ber Paor 6. ot I IIPI*LIIII prepreg mat or web,  and

“the like. Figure 1d, a sid€ vi‘ew'schenatic, depicts another 30
enbodinment. In this figure, the debossed portions 5' of the

| am nat e has Wemdagsorssed t hrough the thernp- setti n@CTas960970sl m 6 -
i nto supporting |ayer 22. In this se, layer 22 is a materi al
that has the capac- WO 96/ 40507 76

PCT/ US96/ 09705 d) thd labi1d ey @l dudel, N@ell)PoeSHRErBEd| L€ Lempera-
Materi al s that have this capaC|t are thernoplastic resin filns

and | ow density fi br dihres fFopypbeut 2@ -at0,2a 9855250 C., fppesgethranng
other |low density fi lypyyis St ag%uggg more than lFbggggg 2add lustrate a

coupl e of enbodi ments for gractlm ng the nethod of the invention.
Fi gures 2a aftdl 2 axhdiedertERiE | eongtamty ila,§hef themesainSitatisus
process for gaking | am nates of the invention. In ' Fi gure 2a,

sem -continuous unit 8 invglves fhe feedin of thernbsetting resin 9
to a pair of calendarToll h lt""“10 ‘?’ﬁ'ﬂ gﬁﬁ?Fﬁﬁoﬁ?‘V"f oPFeFHERRBse?t i ng
resin film11. claim | In Wheeoih achs rteml sheifbcé? and tdHl avesifn ofi It al

foil roll 12, at e rolls and film11
are pressured | nt GRS B reBosBecd aelgfif na¥uamm cparafrgfialag™ 1
passed t hrough gumj@maiti&d circuii6 to a stanp pressing station conprising
pl atens 17 Wth a Ci d RlaLen S

pl atens 2 a%l?j 7 and '?Soolsﬁl St%é%sf%gﬁa‘?}fht? 4 %ézugéﬁgt%ﬁ]s %E?lare put
into the closed podianedm thed fxdh spgfacepapit éh%resmoﬁplresb@md%mdto
debossed wi th curing, pdiiiss a deb@d8salii St &n gﬁlﬁtacg@ﬁélﬂessrwfﬁtééove

with respect to Figure la. The heat treated and heat affected com
posite 15 is pass&dd@idutter 20 and collected at the

7. The thin £film prlnted board precursor of clalm 3

15 wherein the foil surface and the resin film bonded to
it possess a debossed pattern characterizing a printed
circuit. |
. 8. The thin film printed board precursor of claim 4
wherein the foil surface and the resin film bonded to

20 it possess a debossed pattern characterizing a printed
circuit.

9. The thin film printed board precursor of claim 1
wherein the dielectric resin film has an unimpeded
thickness that is at least 1.2 times thicker than the

25 thickness of the foil film. o '

10. The thin film printed board precursor of
claim 2 wherein the dielectric resin film has an unim-
peded thickness that is at least 1.2 times thicﬁer
than the thickness of the foil film.

30 11. The - thin film printed board precursor of
claim 3 wherein the dielectric resin film has an unim-
peded thickness that is at least 1.2 times thicker
than the thickness of the foil film.



-stack of |ani nated products 19 Wan 25 Furt her

e T L AL .

"Figure 2b differs fromFigure 2a in suppl y*ng®sup- porting |ayer 22
withdrawn fromroll 25 to nip and 30 guide rolls 14. In this case, the
resul ting thrwe964es07 |ayer conposite fil rr$ 3 is fed throu@CTyis9e®78s0! | s -
16 to the stanp pressing station co sing platens 17 W th
associ ated tool 18, as described above. After WO 96/ 40507 .
7 PCT/11g596/ Q%OSthm £ilnf Uk Aed Nepdava n%ix%c%trs%!ttef 20,

t he i ndi vi dual | anmi nat es .24 lzire g:oll ect ed. k_‘n carr 8 out
the above process,c}aith# whereinnghe dieleghricagsintdim hasnan; @1 fe -

amount of tinme thajeddte tﬁicknés:mpeﬁateifsl |a 1Bast 2A3 2ar eidept thickbe

stanpin The, easi est I ng that process

stegpl sgto heat tﬁé’%rﬁ?&s??&c{%??ﬁft%?gt r%é‘ﬁa%ﬂl? ° V\Eere t he

t hernosetting resin rl8act sThe athighefilm- printed| coodxd \peisghirssirat efand
advanpes in adhes'%itnp 5 %e}gln tﬂgt gkeigé r:.csq{]efélg %rltlkny hag %l QR

handl i ng. & Advancenent C1'n nolecul ar
wei ght caus ezedete tletqﬂmqaﬁ géhabr iseadth dmashcilpiZentimes thickertate

or reach a | ow staltb 1.pft li:ﬁn_ ﬁHSQstwttﬁé‘E’fon £i1hesi n has sufficient
integrity to be subj ecte 5 stream processing conditions. Once

that is effected, rag'hér th‘h o@tlnt h@riakedatRoaxd e RRaaUFSOE caf be

scrolled injig a rc&iai&nct WheRehat eheuaﬁeh@@&ﬂb ﬁaesflw €ilm hasf 4hl uﬁ!!i’ne has
set in, andthenfedtoacontlnuo where the resin i

cured/ful l'y cured.pedad, tickaess §E?ﬂ" dﬁ"nt?\"nu&&@sﬁr Jdods skime? %GF% 2,
t he sl owest fHacahe thepkhéss hef prles fcillagpimg step. By minim z-

Ing the length of ti rEFS.t hatl‘htéhetﬁl fifn?s p:;Lr“;’.n%ed 3boarc:l precursor of
claim 7 wherein the dielectric resin film has an unim-

15 peded thickness that is at least 1.2 times thicker
than the thickness of the foil film.

16. The thin £film printed board precursor of
claim 8 wherein the dielectric resin film has an unim-
peded thickness that is at least 1.2 times thicker

20 than the thickness of the foil film.

17. The thin film printed board precursor of claim
1 wherein the dielectric resin film has an unimpeded
thickness that is as much as about 25 times of the
foil film. '

25 18. The thin film printed board precursor of claim
2 wherein the dielectric resin film has an unimpeded
thickness that is ‘as much as about 25 times of tlhe
foil film.

19. The thin film printed board precursor of claim

30 3 wheren.n the dielectric resin film has an unimpeded
thickness that is as much as about 25 times of the
foil f£ilm.

20. The thin film printed board precursor of claim
4 wherein the dielectric resin f£ilm has an unimpeded



dre kept in the press, it is possibletoe—substanttaHy speed up the

process. 25 Fi gures 3a andn3 process for prac-
ticing the invention. In these fi g ﬁmmimmlj resin 30 is

converted into film 35 by cal ender | n bet ween cal enderi ng

rolls 33. In the case of Flgure 3a, film35 contacts netal foil
conti nuous 30 wogsMeser 39 withdrawn fromrol [, 37 at nip and @aOTAISEé/8705
41 to formconposite sheet 65. In the case Fi gure 3b, supporting
| ayer 63 is withdrawn fromroll 64 and fed to nip and guide rolls 41

to formconposite stigitkness tHEt i4Na@aGadh 0 eabé@@ ngﬁetse Sheghe

(46,85) is vqgé&40507

PCT/ US96/ 09705 M0 debossing roll 43, Whl ch contains on its sur-
face, one or nore mal 2Vertiernchiod film Pritited Goacdi brecurso@abfebmaiﬁat
is to be rmldedlntg J‘acsof '

oi | he_co sites.

The conposite sheet$ Esr%‘m é Sb??%‘&tﬁ’fr’é??’s“4 Jd%r’i’?ﬁ; ?ﬂenggB‘B?gf’ﬁg
step. The S dettluscsimhsneﬁtat( Hils @8) much fasl abowved54Eiveischof Nnthe
this case conprisesglol Izﬁrln?urfaces 49 to support rolling conposite
sheet through the oven Curin is effected by heating | anps 51.
Ot her heating neans 1(®2. Thg/ﬂié-nerﬁ:-ill(ljymintsdcboasdaprwmswrcafl glatmt ed
or st eam heat t r t oygn

EOwREr 8BS PRt ?ormﬁ&u? FESIAPEYim c}&fs A uﬂamﬁedééh

t he convection type to insure uni ating

curing the sheets WHEkpess that isggsp Wh t3fe §h‘é'§% szﬁailﬂeserﬁJghheto
gel or near-gel 15 f011CC£1QInII0nS and later cured in a separate oven. Such
technique will speed pr ss .consi der abl ¥> The gel | ed,

near-gel | ed or cured %7(95 RFinked board; B’%F‘i’és‘bE/ Rfi Fhabm.

the cut |amnates 57 amersiracuwl cl:.elecifﬂlfc freddier £In0OCesS | 88 uA®mpeded
Figure 4 is a test A5 ted bq rq: .80 t hat co%tal ns

ness t 1s as much as about 25 times of the
foil £ilm.
15 24. The thin film printed board precursor of claim

8 wherein the dielectric resin film has an unimpeded
thickness that is as much as about 25 times of the
foil film.
25. The thin film printed board precursor of claim
20 1 wherein the thickness of the thin laminated compos-
ite comprising the foil and the unimpeded resin film
is from about one mil (0.00254 cm.) to about 250 mils
(0.635 cm.).
26. The thin film printed board pfeéursor of claim
- 25 2 wherein the thickness of the thin laminated compos-
ite comprising the foil and the unimpeded resin f£film
.is from about one mil (0.00254 cm.) to about 250 mils
{(0.635 cm.).
27. The thin film printed board precursor of claim
. 30 . 3 wﬁerein the thickness. of the thin laminated compos-
- ite comprising the foil and the unimpeded resin film
: 1s from about one mll (0.00254 cm.) to about 250 mils
(0 635 cm. ).



grooved circuit lines such as 84, 86, 93, and the | i ke, and sockets

N o R e 1 T [ e e R
i1 lus- 25 trates the 3 dimensional ‘natur® of t'he debossed |ines

and the sockets which aid in sol der displacenment and al i gnnment of
devices in thovoneods? | n the case of i gure 4, the wWROTAISf09T05c t Op
surface of board 80 is clad in netal f™ 1, preferably copper.

Fi gures 4a, 30 4b, and 4c show side views of board 80 taken al ong

lines 4a-4a, 4b-4b, apg, 4@hécthihefliﬂoﬁkiﬂéeé'BBhB& ?recurséfcﬁkt@iEﬁﬁn‘
t he sockets 89, 85 and 91 to theég@ooves he case of 84 and 93.

Needl ess to say, tHe Whereingihe, FFESF?oﬁfthQrGaﬁéslPﬂlF?bﬂ§e§°ﬁB°%nd 4c
WO 96/ 40507 ite comprisifA@ the foil and K/ &iSDpdDoresin film

tl fy f I ' .th ' f th
B Gure’ad Shows, i f1°aG30R 8RR Pag e (00254 cnly ) sp pbeue E 80 BELS o
i npr egnat ed 5 ber dl0a$35f ein- ) . ric prepreg, as a supportlng | ayer for
the composite S — 0bglhgn™(GRL 92an printed pERSH' &:28u1L4SLE ALEsspne

or several enbodinents enoving Fom 1 estmme
conposite sﬁowmenmlﬁlgbee$h1Cknes$noE|gheetﬁap daminatied ebompes-
precursor board 10 Si h fs ot nugt [

cured resin 6 to wﬁ'l %h %P\t?i%ggé (r?r:ewlg)alﬁ di h&d 43,9{}%&2 P ﬁa ﬁ“}g
invention, is fed d& &semopbaufkecone mlle&ﬂfﬁﬂaﬁj ¢ c&9. abputtﬁéocmsbsof
Figure 5a, tfye pre-(p.635 ecmCyrsor board 108 is fed to grinding wheels 100
and 101 and then to beit sander 102 to renove the top surface 15
110 of board 108. BePP-s3R8ethino tidmpprinted haprg precurspy (of o8lafpyven

around rolls 105, sn&u@&ainngh@vemldaness of thecthen phaifaddd. clEpds+ nt

out above, su?h abr% comprlslng Qhe Jl&m|1 éLe unlmpégégﬂkégggléfim
printing are

is from about one mil (0.00254 cm.) to about 250 mils
15 (0.635 cm.}.
31. The thin film printed board precursor of claim
7 wherein the thickness of the thin laminated compos-
ite comprising the foil and the unimpeded resin f£film
is from about one mil (0.00254 cm.) to about 250 mils
20 (0.635 cm.).
32. The thin film printed board precursor of claim
8 wherein the thickness of the thin laminated compos;
ite comprising the foil and the unimpeded resin f£ilm
is from about one mil (0.00254 cm.) to about 250 mils
25 (0.635 cm.).
33. The thin film printed board precursor of claim
9 wherein the thickness of the thin laminated compos-
ite comprising the foil and the'unimpeded resin f£ilm
is from about one mil (0.00254 cm.) to about 250 mils
30 (0.635 cm.).
34. The thin film printed board precursor of claim
10 wherein the thickness of the thin laminated compos-
ite comprising the foil and the unimpeded resin film



"l ease agent through a silk screen mWhe—deswed 20 metal plated
pattern for the board is masked. le rel ease agent is a
silicone fluid rel ease agent, ”mmmm'"u?""”mﬁ Then the nmetal foil is

" pl aced on top of the uncured résin f [ m and registered to correspond
to the debossing pattern of the tool. Wen the tool 25 conpresses the
metal foil fiWw0964bse7 debossed portion f the foil w t IREIIUSP&INESse
agent adheres to the de- bossed t her etting resin and on gel ation
and/ or cur- ing of the resin, a secure bond is created between the.

resin filmand theydretsam falidutdlonhendebes seubsp dn. 9Nt c3RboutOBbY - mildS a
result, a slight-abrasion of the surface of the foil cladded board

with an abrasion t &b cm-}. wth a pressurized streamof water is all
that is needed 3 rEH®VghiMef il Prigtednbadtabpeeedrsor eof Ebeim

enbossed portions t.he deb ed,hoard Il WD 96/ 40507
50 otk S0 338 thiRhedy F nd i deminesepcomPPaCe 112
free of netab foilite commxijmigryl.the foil aﬂ'dnishesuahmpedech Fesgin efblm

renoval of netal fo%(eﬁrom (abo%tt %ﬁgl e§?ao(f§ {ut&g) rocglbtbakg%é?emﬂgoves

5" and 5 the so ot shown) and ear osse

tions 112, in boart0.J685 cm.). Figure 6 is a top view of a PB nade from
t he cl ad- ded C r r u r 6

6c, and 6d, respectl\plge y%lgér)etﬁclgf‘ %’m]h%p ﬂlélgb\gl Bgaéd pEéQHEE %oépa If‘nes
6a- 6a, 6Db- 6b 6C- szmmcihe @lap.gkness oﬁe&he:etéiianalamateel?aomm- and
9la have thepr |eafe com % DGR ScheV £ D Al éﬂ&kﬁﬁlﬁlﬁe&eé’oi?ésﬂf §Pirﬂer

t here by assuring t regardl ess of any irregularity in ead
size, all of the |ExdEm |qb°b'é 288quiid| {0 n%%f"!lsm Pbeflttﬁé%m%%.t
As shown in Figuregn &85 @h.)qC and 6d, foil cl add| ng resides.only in

debossed ar eas 37. The thin film printed board precursor of claim

13 wherein the thickness of the thin laminated compos-

15 ite comprising the foil and the unimpeded resin film
" is from about one mil (0. 00254 cm.) to about 250 mils
(0 635 cm.). '

38. The thin film printed board precursor .0f claim
14 wherein the thickness of the thin laminated compos-

20 ite compriéing the foil and the unimpeded resin film
is from about one mil {(0.00254 cm.) to about 250 mils
(0.635 cm.). '

- 39. The thin film printed board precursor of claim
15 wherein the thickness of the thin laminated compos-
- 25 ite comprising the foil and the unimpeded resin film
is from about one mil (0.00254 cm.) to about 250 mils
(0.635 cm.).
40. The thin film printed board precursor of claim
16 wherein the thickness of the thin laminated compos-
30 ite.comprising.the ‘foil and the unimpeded resin £ilm
is from about one mil (0.00254 cm.) to about 250 mils
(0.635 cm.). | _
41. The thin film printed board precursor of claim -
5 wherein unimpeded resin f£ilm thickness is at least



of the board. | WO 96/ 40507 - " 731 o board
e
br ecur sor cont ai ni ng a Ga'“‘iamuu\ulm|un||um|‘|u e Poard i

film | ayer and a heat and el &ctfical "y éonfluctive metal 5 _ foil
| ayer in direct adhesive bonding with a side of the resin film
optional |y corwape4ese7 a supporti ng I er conpri si ng eoEUSveeveese of
fiber, fabric and t her nopl asti c pol i n contact vviththe ot her
si de of the resin layer, wherein the di eI ectric thernoset-

ting resin layer udl WY ne&éeéeblahclﬂﬂ%&e}s&@émén% L the elf

to that of thef0|l ay%{‘ bonded t0| . thin mprlnted
board precursor of & ¢ resin fiMRrein the el ect ri caI I y conductive
metal . foil |ayer 42.i a*hdemﬁiht Fdlf ppiadeat bbatd prEchBSoRNoENEL QLM

thick- 15 ness Jetween aboyt 0.1 m 2.54x10[ err n) to about 20
mls (5. 08x10[err]6b th’i?d‘?’y'ﬂ‘d‘“ﬁ?ﬁ?f’l é‘Peﬁ?ﬁ“‘f&S’ SPt F at leasgj|g

and 5-percents for wqoaghttd othe. depth of d&oé’iﬁdﬂﬂhﬁfth@ Fiﬁelﬁ%tledféi?.ﬁ][dl
precursor of .claim; rei.n the dielectric thernosetting resin film
has 20 a) an un? oanhgr’é%fﬁf t#’gﬂlhess rangi ng fromabout 1 to

about 250 nmils (about 48.00he4tbimt FidinopriNtéd5boayd precursor aGf celaimat ed
fromthe weight of 5 ot Wnfi Y

mi ni num and maxi rrum t nesrsags%ot ed, FE84Mn f% %1%5:%‘3?% oAt i‘%TISt
factor set forth i ﬁqpaﬂn &on the depth of debossment of the Twddad Afoil

Range Hn rqlra D%hgéttﬁé FESiP £ 1m. “1lto5s -
[Se{ (r)] 10 m ([F;]r] gﬁﬂ ghﬁotbﬁBO§llm printed board precursor of claim

8 wherein unimpeded resin film thickness is at least
equal to the depth of debossment of the metal foil
into the resin film.

15 45. The thin film printed board precursor of claim
13 wherein unimpeded resin film thickness is at least
equal to the depth of debossment of the metal foil
J.nto the resin film. . .

' 46. The thin film printed board precursor of claim

20 14 wherein unimpeded resin film thickness is at least
equal ‘to the depth of debossment of the metal foil
into the resin film.

" 47. The thin film printed board precursor of ciaim
15 wherein unimpeded resin film thickness is at least

25 equal to the depth of debossment of the metal foil
into the resin film. '

48. The thin film printed board precursor of claim
16 wherein unimpeded resin film thickness is at least
equal to the depth of debossment of the metal foil

30 into the resin film. _

49. The thin film printed board precursor of claim
21 whereih unimpeded resin film thickness is at least
‘equal to the depth of debossment of the metal foil
into the resin film. '



10 to 250 20% towftow at a brioad tenperature range;

5
B ) the ability to curellll!lllllllllallll W emero

tures fromabout 20[err]C. to about *250devrr S ;’1 eiss danl cotric

about 7 days and nore than 1 second; an e) alowdie _ .
constant in th¥Q%%@PWdset state. 5 . a The thi n pCTvdSsEg70s Nt ed
board precursor of claim1l1 wherein P e foil surface and the resin
film bonded to it possess a debossed pattern characteri zing a

printed circuit. 10 50. The Téeid hi il |;1ﬁmr&rewtt%ra0%r cefssi-”a?rc%lﬁ' ai m

2 wherein t f fac.e a t he r.esi nded
possess a debossedh%%t‘?ﬂéérn Ehal HeTer T §sénpvgr']‘r]r &g]lc ness cﬁcﬁFt.leaSt

7. The thin film prégiald boartdheprdapihsoof otiebbasmest 16f thehanieiqn t kgif oi |

surf e and (e’ St B R ¢ Poseess 8 depeEecd pattern
t ing a printed
ggg; Scp(rarelcﬁrsgr 01I‘D cl a&ilm fhe thln \ﬂﬂd%lmmdf boardupkacerser] dhecLeshn

filmbonded to 20 23 inhdosPSinhpdalas seds R N (HIBLACLLT 21 00 2Print ed

circuit. 9. rinted board precursor _
wherein the di el ect§99@Y ¢t nthe| depsd of udehpesrent of thehimdtadssebhnt is

at least 1.2 tines idtichte HR8int BE1RS t hi ckness of the foil film '
10. The thin film r| nt éd %ﬁoard precursor of claim2 wherein
the dielectric resin A printed;bgagdt prequrser tofit clsimt

least 1.2 tils thia?!kewherein unibpededereBlakpess ehidkfeddids Tdd Meast

equal to the depth of debossment of the metal foil
into the resin film.

53. The thin film printed board precursor of claim
29 wherein unimpeded resin film thickness is at least
15 equal to the depth of debossment of the metal foil
into the resin film, .
54. The thin film printed board precursor of claim
_30 wherein unimpeded resin film thickness is at least
.. equal to the depth of debossment of the metal foil
20 into the resin film. ) .
55. The thin film printed board precursor of claim
31 wherein unimpeded resin film thickness is at least
equal to the depth of debossment of the metal foil
into the resin film. '
25° 56. The thin film printed board precursor of claim
32 wherein unimpeded resin film thickness is at least
equal to the depth of debossment of the metal foil
into the resin film.
57 The thin film printed board precursor of claim
30 . 37 whereln unimpeded resin film thickness is at least
'equal to the depth of debossment of the metal fo:.l
'J.nto the resin film. ’
58. The thin film pr:.nted board precursor of ‘claim
38 whereJ.n unlmpeded resin film thickness is at least



- 30 11. The thin film print ed cursor of claim3
wherein the dielectric resin fil m l m peded t hi ckness that
is at least 1.2 tinmes thicker ness of the foil film

WO 96/ 40507 PCT/ US96/ 09705

83 12. The thin film pri nted board precursor of

claim4 wher eWO 850 el ectric resin film hgﬁ an unim PERION9G/09705
thickness that is at least 1.2 tinmes thicke than the thickness of
the foil film 5 13. The thin film printed board precursor .of
claimb5 wherein thaeqdaEl et rie r 88bth f ofMdedossmerli IBf the mRedEd foil

t hi ckness that is gt |l egst 1.2 tiJwes thicker than the thickness of
the foil film nto the re ‘n film printed board precursor of

10 , claim6 wherei n5%9heTheetkitr fLlmeprinted rbdeasd epreminaor of clrae.ded

thi ckness that i's gh |ggslid- golhdied A £iim cilfhddle Ligkness .0

the foil film printe §65r d precursor
claim7 wheréi n thequakl &ot rithe r depbh f pfmdekossmenti mf 18he meédéd foil

t hi ckness that is %tgeé'i% ile%:rhr;' th| cker than the thickness of

the foil film i'n film printed board precursor of
claim8 wherein the df@t cEhej t‘-}h?-@sfhlmr printed dbpand rprecursom@afelaim

{hi ckness that (s gb LRSgbid: dntiBied NG An ifikhdsle fa Itk nRES LT

the foil film . in rinted board Erecursor of- claim
1 wherein the diel 88??1c@es‘?hﬁf@??r¥ha§fa ehasspentd of the mRtakndedl hat

i s as much agp abouin€d théesesiin tfigm. foil film 25 - 18. The thin
(1) mprinted board Pregursgl ehiti il prured SO edlS oI i oL
t he 1 wherein the laminate contains a supporting layer
comprising one or more of fiber, fabrié and thermo-
plastic polymer in contact with the other side of the
15 resin layer.
62. The thin film printed board precursor of claim
2 wherein the laminate contains a supporting layer
éomprising one or more of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
20 resin layer.
63. The thin film printed board precursor of claim
'3 wherein the laminate contains a supporting layer
comprising one or more of fiber, fabric' and thermo-
plastic polymer in contact with the other side of the
25 resin layer. '
64. The thin film printed board precursor of claim
4 wherein the laminate contains a supporting layer
comprising one or more of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
30 - resin layer.
65. The thin film printed board precursor of claim
5 wherein the laminate contains a supporting layer
éomprising one or more of fiber, fabric and thermo-



foil film 19. The thin filmprinted board precursor of claim30

's"a5 me as about 25 (1mes or I IUIEHITRY, €l

thin filmprinted board precursor da'm™ $ *4 wherein the dielectric
resin filmhas an uni npeded WO 96/ 40507 - 84
PCT/ US96/ 09705w0 96740507 t hi ckness that is as_nmuch as about 2pcirigdSsetds t he
foil film 21. Thethinfilmprint% board precursor of claim

5 wherein the dielectric resin filmhas an uni npeded 5 t hi ckness thath
is as much as abouty t h o} thin
filmprinted board l%g’cﬁ}'fg%?lg]{neg glnmcontacf: Hvé]eélggl nOt}her C} r| c $esin

filmhas an uni npe in layerypnjckness that is as nuch as about 25 ti mes of

the 10 foil film es The tA3n Fidm! PrintbdNbesid! SHebPESL chECé'Ia'?ﬂ& of
claim . 7v\,here he di el c resin filmhas an uni npeded
t hi ckness that is a §§8ut azgqutﬁescgptacw a suﬂﬂﬂntlpm n-ayer

24. The thin %ilm mmgr&dibgamﬁeprMMGﬁé of @ikl fabri8 WIR CtReims-
dielectric resin filym uni npede ess that is _as nmuch as

about 25 tines of tHE Jidd B p°?‘85"1arf H’n{"mt“t WREStq‘errfbtbcerﬁ £%49 R rthf ed

board precursor of n_alsanmlaﬁer. 1 wherein the thickness of the Ejhl n
o o PP om andlc afie SR 438, Eataley' pdfity (BfeSNIBETEH LAt
(0.635 cm). 7 whgreifhethpi nlafmlmt]m | comth insar a patxpgmrsdmgoflayer m 25
2 wherein the thiclogpsiginghenkhidy | 4t &2b2d (38BPOS Fabric and thermo- :
: plastic polymer in contact with the otherv side of the
.resin layer.
68. The thin film printed board precui:sor of claim
8 wherein the laminate contains a supporting layer
15 comprising one or more ~of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
resin layer.
' 69. The thin film printed board precursor of claim
° -.wherein the laminate contains a supporting layer
20  comprising one or more of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
resin layer.
70. The thin film printed board precursor of claim
10 wherein. the laminate contains a supporting layer
25 .comprising one or more of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
resin layer. - _
_ 71.. The thin film printed board precursor of claim
11 wherein the laminate contains a supporting layer
30 .comiarising one .or more. of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
. resin layer.
_ ’72 The thin f11m printed board precursor of claim
12 wherein the laminate contains a supporting layer



'te conprising the foil and the-—unrnApededTESIiN film I's from about
one ml| (0.00254 cm) to about 25 ' ' 35 cm). 27. The
thin filmprinted board precursOrﬂmlHﬂH‘im‘H“mm wherein the thickness of
the thin | am nated conpos- I'te comprimsi Ag the foil and the uni npeded

resin film I's fromabout one m| (0.00254 cm) to about 250 mls
(0.635 cm). WO96M40507 \\D 96/ 40507 o1 PCT/US96/09705
PCT/ US96/ 09705 : 85 28. The thin
filmprinted board precursor of claim 4 wherein the thickness of the

thin lam nated conReprising ore€ SYOMRGLS| BE H®egi | £a11d d NendNLHREMAST

resin film s frgmabqut one ml| (0.00254 cm) to about 250 mls 5
(0.635 cm ). Pias*—é& &“Fﬁiﬁ“fFP#b?FnVéﬁth%%d%‘?%‘&lﬁ%‘Eﬁ of thaim
5 wherein the thi desdnslafyekhe thin | am nated conpos- ‘ite conprising

the foil and the uni geded,resin f] .. 1s.from about one m.l (0,00254
cm) to about 250 niﬁg'loghe %%596§£ﬂﬁﬂgﬁ;nteé;boaﬁg BFECHRECT hPH FHRHR
printed board preddr swhexsirc| then laminate witentadnsha t upportsingf 1apert hi n

| am d - ' [,Si he f Qi.l d uni d '
i Ta T r o REAPaR. S 4D et 1Bry ebed Aot JRF ERoERS

(0.635 cm). plastic pohymeni infeontact nvith bohe dothex side of thaim
7 wherein the thicglgRegsiglelthe thin | am nated conpos- ite conprising
the foil and the uninpeded resin film is fromabout one ml (0.00254

cm) to about 250 ni (74-2@he thip Eiimcprinted board ppecurmox hofi €laim

printed board prequr sgHerir-| GhdN laminaBe RRLERAnENG LS dASIHPT 14 P& L DI N
| am nat ed conpos- te conprising the _foil and the uninpeded resin

film i s froTPEBEEEiBde ORIl . 4°9E mitbeg, g fARrigs ang | ghermo-
plastic polymer in contact with the other side of the

resin layer.
75. The thin film printed board precursor of claim
15 15 wherein the laminate contains a supporting layer
comprising one or more of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
resin layer. ,
.. 76. The thin film printed board precursor of claim
20 16 wherein the laminate. contains a supporting layer
comprising one or more of fiber, fabric and thermo-
plastic polymer in contact with the other side of the
resin layer. ,
77. The thin film printed board precursor of claim
25 1 wherein the thermosetting resin film has the follow-
ing properties:'
a) it shapes by stamping and compression molding;
b) it provides a dielectric substrate;
c) it is sufficiently uniform in thickness to provide
30 . éonsistent heat shaping capability across the
breadth of the film, and the thickness is sufficient
to accept the shape imposed by the shaping process:;



25 (0.635 cm). 33.—Fhethin+it+mprinted board precursor of

claim 9 wherein the thickne ' m nat ed conpos- ite
conprising the foil and the uni an “m H | IQ : is from about one
L M

ml| (0.00254 cm) to about 250 m 3 cm). 34. The
thin filmprinted board precursor of claim— 10 wherein the thickness
of the thin | MNOAe4es0y conpos- ite co 2i sing the foil pOTUSYEM9705

uni npeded resin film WO 96/ 40507

PCT/ US96/ 09705 ' is fromabout one ml (0.00254 cm) to about 250
mls (0.635 amit canh be hm<3.'Ede&|' hBy]E abﬁpﬂtaﬁgmlsi a_&ed;t:lag@r UndX Gy zor
of claim 11 whergi.n t t hi ckn of t I n |lapm nate oNnpos-

ite conprising the fo‘fft}é%t J}ﬁer‘iﬁ}fﬁ’éd °P8§§ﬁaﬂ1+?ﬁ Flow 35 fheRdassut
one m!l (0.00254 cm )of clbmesidSFidm) s (0.635 cm). 36. The

thin filmprinted ecyrsar ,of I m 12 wherein the thickness
of the thin |ani natg Z?%c?or%sdsse% sf% lgwi %%g%o?%eﬁ & PFoefc CABPPTALIFY Hhange

uni npeded resi n fil mso thati dtf domsabotit £lovwe uridont@oQA3biycwhild aarderH 250
mls (0.635 cm thipn film printed board precursor
of claim 13 Wi a% fHe t%%&int-egsbg]séf at%ﬁe ‘{hrﬁnﬁ BlAGSt e ERESST 15
ite conprising the fd@ureaky timpuesisipgdadmeddi bhat| contains imalfer om desut

one ni.l (0.00254 cMpaited 3Falces5Bolbtsi 835568k 38.
The thin filmprinted aboar'd pr eceqr sgirﬂbo?s crfgaigrﬁ&’qr_e ! f§ V\%te? ealrll’ld ﬁ]reoi':u
thi ckness of the thi PI%aRGES &@ dénpSaly2ghe ppreiemspkhat mre rmureyiim-and

t he uni npedexh resin fgdsed over i drdvhedRUiscRkatih ¢Re00234 oF b tga-about
250 m s (Q' 63‘?na(ine] )n'lold or. ovegig'a Er]recaéur}])ierxlraixlczlemigr Eg&egaggagg a
precursor of claim '
male mold, will be caused to flow because of pres-
sure imposed on the film; and '

f) it gels, near-gels or cures. _

15 78. The thin film printed board precursor of claim

2 wherein the thermosetting resin film has the follow-

ing properties:

a) it shapes by stamping and compression molding;

b) it provides a dielectric substrate;

20 c) it is sufficiently uniform in thickness to provide
consistent heat shaping capability across the
breadth of the film, and the thickness is sufficient
to accept the shape imposed by the shaping process; |

d) it can be molded by compression or stamp molding

25 without the need for constraining flow at the edges

| of the resin film; _

e) it possesses low flow over a broad temperature range
so that it does not flow uncontrollably while under-
goiné cure conditions, and when placed under pres-

30 : éure by impressing a mold that contains'male_or fe-
male surfaces comprising grooves, sockets and protu-
berances on it,.only the portions that -are superim-

. posed over a groove or éocket in the case of a fe-
male mold, or over a protuberance in the case of a



15 wherein the thickness of thethi-ntaminated conpos- 25 ite conprising

the foil and the uninpeded resin H"mﬂ from about one m | (0.00254
cm) to about 250 mils (0.6 ’ mumwl@ 40. The thin film
printed board precursor of claim =« the t hi ckness of the

thin | am nated conpos- 30 ite corrprl sing the f0|!I and t he uni npeded
resin film Wo096/4037from about one m | (0.Q00254 cm) to abggraXeéoesrs s
(0.635 cm). 41. The thin filmprfnted board precursor of claim
5 wherein uninpeded resin filmthickness is at |east WO 96/ 40507
87 PCThEPO6MOPdO5will be caBed! t60£157 Q@ESQsQfo@e paguent
of the nmetal foil ntotheresmf | m The thin film

printed board precur§BFeo¥mR9%ﬁdm°n the fgl Wle‘?%‘iln uni rrpeded resin film

thickness is at | efstit §els, emaad -deQ st be depé@ of debossnment of the netal
foil |ntothe{9e5| hnfllmprlntid_board

precursor of claim Q‘Pe\l\ﬁg}.& AL om Hﬁt‘aﬂ'é%d rké%‘?rr# PESRUEFOLK RES § P&Mat

| east - Sequal3 twhereinddhieh thérmobetsimytrexfin Ifdlmehals thiel fb@.lo?r—l Int 0
the resin film pe thin filmprinted board precursor of claim
8 wherein uni rrpeded‘gr gmoﬁéétf';n fhickness is at |east equal to the
dept h of debossnerg) 3t shapescthyt stemping and ¢compradsdionesoidingm 15

o e oo T L SRS DAGHLERE 1 sl e, 13 W el D

uni npeded resmfl mth ness is at al to the depth of
debossnent of the Seitl lﬁoﬁpffJ-Clentlm‘éni-f\anesmnthichmess to prowfde The

thin filmpronted bogsgs i@t ke Chak QP Nadpbgpeded, resin
filmthickness is at, | east (}:_ual tog%lﬁ% de %%wfl (fébossmant o? ?
met al foil breadth of the film, and the thlckness is sufficient

to accept the shape imposed by the shaping process;

d) it can be molded by compression or étamp molding

without the need for constraining flow at the edges
15 of the resin film;

e) it possesses low flow over a broad temperature range
so that it does not flow uncontrollably while under-
going cure. conditions, and when placed under pres-
sure by impressing a mold that contains male or fe-

20 male surfaces comprising grooves, sockets and protu-
berances on it, only the portions that are superim-
posed over a groove or socket in the case of a fe-
male mold, or over a protuberance in the case of a
male mold, will be caused .to flow bécause of pres-

25 sure imposed on the film; and

f) it gels, near-gels or cures.

80. The thin film printed board precursor of claim

4 wherein the thermosetting resin film has the follow-

lng properties:

30 | a)1t shapes by stamping and compression molding;

b) it provides a dielectric substrate;_

c) it is éufficiently uniform in thickness to provide
consistent heat _shaping’ capability across the



i'ntO the rESi n f| | m 47 The thin fi | mnrJ;_Hted board precursor Of
claim 15 wherei n uni npeded res ss Is at |east 25

equal to the depth of debossnent ou“j M‘ g{ into the resin
film 48. The thin film ursor of claim 16
wherein uni npeded resin filmthi ckness s at Ieast i equal to the depth
of debossnent wodgslaesoret al foil into the resin film PCTIUS96/090965 The
thin filmprinted board precursor of claim 94 21 wherein uni npeded resin
filmthickness is at |east equal to the depth of debossnent of the
netal foil | Nt OpkBRAERSSS tHd Pilm, and the M GA350% sufficient

88 PCT/U896/09705 50. The thin filmprinte oard
precursor of claim t© aceeptihecishapsi imeesed Rk ther ShAPLAY CRFR2RS5 at

| east equal d)OlthQ:a(illeFl?r&h ﬁé]ﬁMOB ”%Hmp&tﬁsghgn”%ta:a'sﬁﬁﬁﬂ mold:]lc.n%: gt?n
the resin film 5 et rinte oard precursor o |
23 wherein uni npeded Pégpﬂu?|¥bﬁtqﬁ ﬁ%?é s&FaFéégg tlow at ghe) edges he
dept h of deboSsnent o06£t tikke medsdin ffdlin; into the resin film

52. The thin fil [ recur or. of cla 24 erein

uni rrpeged Ir(r=,15| In m Ie[rh ?% gﬁ%%egss s 19F Fgggt over a b?@?altepgef\é\tguﬁ%p’fﬁn%?
debossnent of the netaé that it does notoflbe unnnntﬁbﬂlﬁbly whzle under- The
Losin 1 1mit hi chneas. POLRS CFHES Pbqllhs E1GUD and wnd® RIS Rupiled Potes,
the metal foil svﬁ@obyrmmpnﬁﬁaimq|anmold that cosua1HMGmalarpt|fen
printed boargg precur sps1@f sl @idds 90mpr1§9g&“§%é%&é§Jn seRgded 5&? §$§iﬁ-

t hi ckness is at | east equal of debossnment o
foi berances on it, only the portions that are superim-

posed over a groove or socket in the case of a fe-
male mold, or over a protuberance in the case of a
male mold, will be caused to flow because of pres-

15 sure imposed on the film; and
f) it gels, near-gels or cures.

81. The thin film printed board precursor of claim
77 wheiein the resin contains a low profile additive.
82. The thin film printed board precursor of claim

20 1 wherein the thin resin film is a thermosetting resin
that is directly adhered to the foil, which thermoset-
ting resin is, when made independent of the metal
foil, moldéble without edge flow constraints, and con-
tains, as its major ingredients,

25 (i) a thermosetting resin that advances in molecu-
lar weight without forming'a significant volatile by-
product and

(ii) a flow control component. :
83. Thg thin £ilm printed board precursor of claim
. 30 2 wherein the thin resin film is a thermosetting resin
" . that is directly adhered to the foil, which thermoset-
: ;ting resin is,' when made independent of the metal
"fbil, moldable without edge flow constraints, and con-
:ta;ns,'as its major ingredients, '



20 into the resin film 55. The thin filmprinted board

precursor of claim 31 Wnet!ﬂl Isl H ﬂ |1zs;i n filmthickness is at
| east equal to the depth - the netal foil into
the resin film 25 56. The thin filmprinted board precursor of claim

32 wherein uninpeded resin filmthickness is at |east equal to the
dept h of debowomsmosedf the netal foil i nto the resin #aTAU896/09705
57. The thin filmprinted board precursor oPScl ai m 30 37 wherein

uni npeded resin filmthickness is at |east equal to the depth of

debossment of the netgly f@i thermosettilny B imesiHat idd¥ances in moilculhe ._
thin filmprinted poard precursor of claim 38 wherein uni r_rgeded resin
1

filmthickness is tRT|¥gight without \femmngysp7significant volatileghy-

PCT/ US96/ 09705 produc¥iudid to the depth of debossnment of the netal foil
into the resin film ., 59. The thin filmprinted board precursor of
claim 39 wher ei H"[)niarrﬁé'(?é'dcpﬁgf:ﬁ f??’?ﬁqr’rﬁ"crﬁness is at least 5

equal - to the5dept h ofsdlebmrsamiinoffilheprihabdf bbard precirior dFe ci@agimn
film 60.5, The thin fil rinted b d precursor of cl.aim . 40
wher ei n uni npeded :?e"g?ené ok rﬁrieni@g‘aﬁ’eggsgg gﬁ’f‘eggta therm 108, TR dept h
of debossnent. of ttha et sl difrEdt 130 adheradotohthe efoil f iwmich thermoseft. The
thin filmprinted @ﬁg&dr@'sﬁﬁurf&,r Qhefi! Adle inde%ex%'&{@' %fft éame?.gtble.
contains a supporting |ayer conprising one or nore of frber, fabric
and t her no- ikt ikclsigblee withoubnedge fiown comstndimtssi dndokonhe 15

resin |ayerjg taind?-asThest Bhjot! 1 MydUfg board precursor of claim
2 wherein the |am nate contains a supporting |ayer

(i) a thermosetting resin that advances in molecu-
lar weight without forming a significant -volatile by-
product and .

(ii) a flow control component.

15 85. The thin film printed board precursor of claim
4 wherein the thin resin film is a thermosetting resin
that is directly adhered to the foil, which thermoset-
Eing resin is, when made independent of the metal
foil, moldable without edge flow constraints, and con-

20 tains, as its major ingredients,

(i) a thermosetting resin that advances in molecu-
lar weight without forming a significant volatile by-
product and

{ii) a flow control component.

25 86. The thin film printed board precursor of claim
5 wherein the thin ;esin film is a thermosetting reéin
that is directly adhered to the foil, which thermoset-
ting resin is, when made indepéndent of the metal
foil, moldable without'edge flow constraints, and con-

30 . taihs, as its major ingredients,

(i) a thermosetting .resin that advances in molecu-
lar weighﬁ without forming a significant volatile by-
product and _

kii) a flow control component..



conprising one or nore of fiber, f | - pl astic pol yner
in contact wwth the other side of men Ii Iﬁillayer. 63. The
thin filmprinted board precursor i s wherein the | am nate

contains a supporting |ayer conprising one or nore of fiber, fabric
and t herno- . plastic polynmer in contact with the other side of the 25
resin |l ayer. wooem0s07 64. The thin filmprinted board precur por/usé6/08108i m

4 wherein the |lam nate contains a supporti r?& | ayer conpri si ng one or
nore of fiber, fabric and therno- pl astic polynmer in contact with,
the other side of theg3Q) qnhteghin! 8YBh printed boa®d. prBEutdbd &i |l Nt ed
board precursor of claim 5 wherein the | am nate_contains, a su&qortl ng
| ayer conpri & MheER&NoFRADERIDf re3ip L1l 35, A EhfgmPREtHiRg resin

WO 96/ 40507 that is 88rectly adhered to thBCEoWS)6kA2FASthermoset-

pl astic polynmer in _cgontact with the other side of th resin layer.
66. The thin film grifdt etPHhr dSpr eW%oWaa? an&%engent o \Aﬁg’Feilhe‘i
| am nate cont®i ns Eodlppmobldapléayttholt edgeomlowsicogstpaints oamd aforf+ ber,

fabric and therno- | astic_pol yner. in pntact wwth the other side of
t he - resin | a é‘P.s’ ab’ fes ma:Ec)r iﬂ%etdﬁfeﬁgﬂ | m printed board precursor

of claim 7 wher(é) nat {thelrmoiseat éngonesimstizat upguandesy imymolddh-
conmprising one or nHofe w%figia!tb%tp%ﬁﬁr %rﬁﬁﬂgtgeéﬂﬁﬁfﬁcant PoPslife RYYEr
Sirde of the resi ayer .

in contact with theée ot her 8. The
thin filmprinted m&edyckrardrsor of claim 8 wherein the |aninate

contains a sypporting (iayer EPow cSHWIY TomPoRFLOr nore of fiber, fabric
and t her no- pl astic gol xmer In_contact wth the other side of the
88. The thin film printed board precursor of claim

7 wherein the thin resin film is a thermosetting resin
that is directly adhered to the foil, which thermoset-
ting resin is, when made independent of the metal

15 foil, moldable without edge flow constraints, and con-
tains, as its major ingredients,

(i) a thermosetting resin that advances in molecu-
lar weight without forming a significant wvolatile by-

~ product and
20 . {ii) a flow control component.

89. The thin film printed board precursor of claim
8 wherein the thin resin film is a thermosetting resin
that is directly adhered to the foil, which thermoset-
ting zresin is, when made independent of the metal

25 foil, moldable without edge flow constraints, and con-
tains, as its major ingredients,

(i) a thermosetting resin that advances in molecu-~-
lar weight without forming a significant volatile by-
‘product and

30 kii) a flow control component.

90. The thin film -printed board precursof of
claim.82 wherein the thermosetting resin film employs
as the flow control agent one or more of —. ’

i) one or more electronic grade fillers;



resin |ayer. 69. The thin filmprinted board precursor of claim
9 wherein the |lam nate contains a s conpri sing one or
nmore of fiber, fabric and therno- ’mm mmlnmﬂmﬁymar in contact with
the other side of the resmlaye 5 * 70. The thin film
printed board precursor of claim - 10 wherein the aninate contains a
supporting | aymyoéuese? conprising one or norg of fiber, fabrPCT/iSed/00708r NO-
pl astic polymer in contact with the other si*de of the resin | ayer.
71.. The thin filmprinted board precursor of claim 11 wherein the

| ani nate contains a SEPPQ”th@QmBﬁygfti?@ resSRMRHaY Nt 061 @B1EDpe Qadd ber,

fabric and therno- |'astic in contact wth the other 'side of
t he resin |ayer. tlally S°37‘2b1q'h-’e“ tthen thermesething ¥RRF precur sor

of claim 12 whejgip tdhe épéaﬂaﬂéa:-rtwealwl es_up@mﬁl pEovaprer dis-

WO 96/ 40507 US96/ Q9705
conprising one or nore (ﬂreﬁebe?fa?%rc Bhﬁs?'ﬁer(r?ﬁ“ ond Oh sastf"B NS ner

in contact wsth the ot hajhe&mdeeﬁ{uh@eresm matirdid;n | ayer. 73. The
thin filmprinted board SCUr sor of claim 5 13 wherein the |am nate
contai ns a supporting*V 55 ePR1XOLIOP&( )i sing one or nore of fiber, fabric
and t herno- pl 83ti c Tiesd yroliin nfddmt aptinted tbloardt hpresurlszonf afhe
resin layer. 4o.T C m 10
14 wherein the Iamc%a é ggn?:gxe%giﬂ EhL”EB%&HBE?tP% S %fﬂ{ é]ﬁs?fé one
or nore of fiber, fabthe fhow tduertrml agent opéaerllmoqmlqﬁ’rﬁh |n contact with

the ot her r@ep(r)];cb?gai? o&e &r;f%fs#e efgc{ronic grade %§llér:t:]§. thin film

printed boa

ii)a . thermoplastic resin that is soluble or par-

tially soluble in the thermosettlng resin;

iii) an elastomer~-type polymer that provide dis-

crete elastomer 'phases (second phases) in the
15 thermosetting resin matrix;

iv)a thixotrope.

922. The thin £film printed board precursor of
élaim 84 wherein the thermosetting resin film employs
as the flow control agent one or more of —

20 i) one or more elect‘rbnic grade fillers;

ii)a thermoplastic resin that is soluble or par-

tially scluble in the thermosetting resin;

iii) an elastomer-type polymer that provide dis-

crete elastomer phases (second phases) in the
25 thermosetting resin matrix; '

iv)a thixotrope.

93. The thin film printed board precursor of
claim 85 wherein the thermosetting resin film employs
as the flow control agent one or more of —

._ 30 i) one or more electronic grade fillers;

ii)a thermoplastic resin that is soluble or par-
" tially soluble in the thermosetting resin;



15 15 wherein the | ani nate contairns—a supporting | ayer conpri sing

Wihthe other side of the o ] mgmlunlllmc %6, The thin tim

printed board precursor of claim 20 @refn the lamnate contains a

supporting | ayer conprising one or nmore of fiber, fabric and therno-
pl astic pol ynewoigsiesemt act with the ot her si of the PETIUSIG/QRTr .

77. The thin filmprinted board precursor of~Claim25 1 wherein the

t hernmosetting resin filmhas the foll ow . ing properties: a) it
shapes by stanping andlfﬂ”pﬁﬁssél%t'GﬁEQFﬂgpe polymB} I’dha}tr cpmbemea dis-
dielectric substrate; I.s sufficientl E uni f ;,h Iﬁneéﬁet o]
provi de 30 consi st EﬁFtehe?a}taStgﬁlﬁﬁl 25850 abPFTe 283

breadth of the film andthbembdéckirs xeisinsmbhtrixent to accept t he
shape i nposed by the Sh%pal r]cqlig{ro%g‘ggg; WO 96/ 40507

PCT/ US96/ 09705 92 d) it can be
mol ded by conpressi on 9. st e nshdangfilm printedt hbeard henesugspsr of

constraining flow 3l 17 §605Rerein the Gledlitdieing bebth film emBlovh
possesses | ow fl ow Over roa ?errperat ure range It~ does
not fl ow uncontr ol |0.$)|§’ha\/(ﬁ]1@ woedgrol agent Oanmrngloé‘arefcvndl t | ons and
when pl aced under pres | e .t hat contains
mal e or fe- n%ﬂ gngu?fa%%ééjc%r?p%gﬁﬁ& g?%%es @sa(;'%kets and protu-
berances on it, only tiht)pothevmepldstticareesipethat is solublgose®| BREr a
groove or sog_bet in the %ﬁ?flwsé‘l&ﬁe in Ithe th@ﬁh@sé@c‘.:ﬂag FesPHFr 2

prot uberance 1 n the case mold, will be caused to flow
because of pres- iii) sape ¢IRAISBQTORYPRe Pﬁlmrarﬁl‘at provide ; digg s,
near-gels or cures. crete elastomer phases (second phases) in the

thermosetting resin matrix;
iv)a thixotrope.

15 - 85. The thin £film printed board preéurscr of
.claim 87 wherein the thermosetting resin film employs
as: the flow control agent one or more of —

i) one or more electronic grade fillers;
ii)a thermoplastic resin that is soluble or par-—

20 _ tially soluble in the thermosetting resin;

_ iii) an elastomer-type polymer that provide dis-
crete elastomer phases (second phases)' in the
thermosetting resin matrix;

_ iv)a thixotrobe. }

25 ' 96. The thin film printed board precursor of

' claim 88 wherein the thermosetting resin film employs
" as the flow control agent one or mofe of —

i) one or more electronic grade fillers;
~ ii)a thermoplastic resin that is soluble or par-
30 | tially soluble in the thermosetting resin;

'4ii) an elastomer-type polymer that provide dis-

. i:rete ‘elastomer phases (second phases) in the
: thermosetting resin matrix; '



15 78. Thethinfilmprintmﬁf—ef claim 2

wherein the thernosetting reS|nf| vv- i ng properties:
a) it shapes by stanping and conp lm"mﬂum H'WM"] it provides a
dielectric substrate; 20 c) it i*s Suffiromently umformln t hi ckness to
provi de consi st ent heat shaping capability across the.

breadt h of thwofds4o807and the thickness is syfficient PCTIUS96109705t t he
shape i nposed by the shapi ng process; ) it can be nol ded by
conpression or stanp nol ding 25 wi t hout the need for constraining .
flow at the edges iv)a thq_fxottggpégm nfilm e) it possesses |ow

fl ow over a broad tenperature ran so that it does not flow

uncontrol | ably whil e Uirder The th n Hoith g PrdpEedo nBPar dn PregiEs®Ren®dl aced

under pres- 30  clafiil®9 bwr:em:esawqmamﬂsét&hat; @esini Eilmbkmphoyse-
mal e surfaces conpri 5| ng gr ooves sockets and pro berances on
it, only the porti%hs the flog gongpefjsgent one or ﬁ\?§8d°5ver a groove or

socket in thg case ofjjach€-or more elc®kk8niBl §ra®é PVElersy;:prot uberance in
the case of a WO 96/ 40507
PCT/ US96/ 09705 ii)a thermoplast:.c resin thg‘g is solublenac?r"a RBFa,

will be caused to flow beabupesslullieedn the thermssettimpasednpn the film
gPidnt ed boa];zi :o: egﬁlrslojr g?reﬁgﬁl%ﬁrgm& %\%p?\/né’ é‘lyﬁ‘efh z?%e?ﬁr%%eﬂéllnéh‘%g]si n
filmhas the follow cretei relgstopert ipl|ses (secandi phsbepks iy thanpi ng
and conpres 'Pon nol di NOin rmosetth%r}# L‘:k r‘B"ln?@ﬁ:LQ dielectric substrate;

c) it is sufficiently unl Permn ness to provide 10 consi stent -’
heat shaping capabiiv)ta/ thixogzopet he breadth of the film and
the thickness is sufficient to accept the shape inposed by the

shapi ng process;



d) it can be nol ded by conpression or Sféﬁﬁ'hnlding wi t hout the

need for constraining flow at the edges.15 +..-  of the resin film

e) it possesses |low fl ow over a broad tenperature range so that it
does not flow uncontrollably while under- - going cure conditions,
and when pl aced under pres- sure by inpressing a nold that

cont ai ns nal e WO 96/a95020 mal e surfaces conprising groovegrwsspsmss and
pr ot u- berances on iit, only the portions that are superim

posed over a groove or socket in the case W% a fe- mal e nol d, or
over a protuberance in the case of a mal e nold, will be caused to
fl ow because of pres- 25 sq{e | nposed on the film and f)y it
gels, near-gels ér {UTTES. The thin filmprinted board
precursor of clai 4 wheJe iin the thermasetting resun filmhas the
fol |l ow i H9 propertles 30 a) 3 R '

conpr essi on nol di - pgovideqﬁﬂh;~ AR

it is-sufficieng ¢ i ckness TP Provrae

heat shapi ng c%Eg?;EESE?E%?EEgp t he 6/40

94 6 Dbreadt ?ﬁﬁoét he igm and the
t hi ckness is suffi cj to accept the shape |npose by the
shapi ng process; d) be pol ded Wy or stanp

nmol di ng dfO
of the resin film it posseSz

t enperature range l 1380 that it
under - J: Gs.cur (Jondltlons 0

VV
sure by inpressing a nold that contains nale 32 fe JF?K; 1
conpri sing grooves, sockets and.protu- b 8sS 0
portions that are superim

Ie surfaces
t- only the
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posed over a groove or socket in the case of a fe- mal e nol d, or
over a protuberance in the case of a mal e nold, wll be caused
to flow because of pres- 15 sure inposed on the film and f)
it gels, near-gels or cures. 81. The thin filnprinted board
precursor of claim 77 wherein the resin contains a |low profile

addi tive. WO 96/4050782. The-thin film printed board precur SeoTusv6/09785 m 20
1 wherein the thin resin filmis a thernpsetting resin that is
directly adhered to the foil, whi ch t her #éet - ' ting resinis, when
“made i ndependent of the netal foil, noldable w thout edge flow
constraints, and con- tains, as its mgjor ingredients, 25 8
(i) a thernosetting resin that advances in nol ecu- | ar wei ght

wi thout formng a significant volatile by- product and (ii) aglgw
control conponent. 83. The thin filmprint o4 board. ﬂIOEC ¢ f
cl aim 30 2 wherein the thin resin filmis a therno
that t+s directly adhered to the foil, which thernoset-
is, when made i ndependent of the rret al foil, no Wi #dge
fl ow constraints, and con- tains, as its mgjor i ngre' ents,
WD 96/ 40507 _ 95 . PCT/ US96/ 0970°F

(i) a thernosetting resin that advances in nol ecu- 135
wi t hout formng a signi f'ﬁant voI atile by- product and

(ii) a flow control c ent 4. The thig filmprin\ed board
precursor of claim 1 hin resi ilmis a Ayodet ting
resin that is d reta ich the R

ting resin is, when made 1n

wi t hout edge fIESa==agdst r ai n_t1s7jand con- . 15. 14
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10 tains, as its major ingredients, (i) a thernosetting resin
t hat advances in nol ecu- | ar wei ght without formng a significant

vol atile by- product and (ii) a flow control component. 15
85. The thin filmprinted board precursor of claim 4 wherein the
thin resin filmis a thernosetting resin that is-directly adhered to
the foil, whi cWO%%4p508set - ting resin is, when nade i rdeusoeeds of

t he net al foil, noldable without edge flow constraints, and con- 20
tains, as its major ingredients, 3/71) a thernnsettlng resin that
advances in nol ecu- | ar weight without formng a significant

vol atil e by- product and (ii) a flow control conponent. 25
86. The thin filmprinted board precursor of claim 5 wherein the
thin rresin filmis a thernosetting resin that is directly adhered to
the foil, which thernoset- ting resin is, when nmade i ndependent of

t he net al foil, noldable w thout edge fl ow constraints, and con- 30
tains,’ as its major ingredients, (i) a thernDsettlng ngy n t hat
advances in nol ecu- | ar wei ght i t hout formng a signifi

vol atil e by- product and (i a flow control conponent.

WD 96/ 40507 , 96 PCT/ US96/ 09705

87. The thin filmprinted board precursor of clgm 6 whergeey the thin
resin filmis a thernosetting resin pe that ¥ djrectly adher to the -
foil, which thernoset- ting rexxd i s, when\frada |ndependeﬂn_of t he
netal 5 foil, noldable w thout edﬁg_flom/const At s, and con-

tains, as its mmjor ingredients, (i) a the nDSEtting resin that
advances in nol ecu; @
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|'ar wei ght without formng a significant vol atile by- product and 10

i1) a flow control conponent. + 88. The thin filmprinted board
precursor of claim 7 wherein the thin resin filmis a thernDsettlng
resin that is directly adhered to the foil, which thernoset-

ting resin is, when made independent of the metal 15 ‘foil, noldable

W t hout edge fwowsdgesestrai nts, and con- tains, as its PETAIS96/09708

i ngredients, (i) a thernosetting resin that advances in nol ecu-

| ar wei ght without forming a significant VviWatile by- product and 20
(it) a flow control conponent. 89. The thin filmprinted board
precursor of claim 8 wherein the thinresin filmis a thernosetting
resin that is directly adhered to the foil, which thernoset-

ting resin is, when nmade i ndependent ofc}he metal 25 foil, noldable

wi t hout edge fIOM/constralnts and con- tains, as its mjor

I ngredi ents, (i) a thernnsettl resin that advances i n nol ecu-

| ar wei ght without forming a significant latile by- product and 30
(ii) a flow control i i i '
precursor of claim 82 wherein the thernD g resin filmenplyys
as the flow control} agent one or nore of - ne nore el ectronif

grade fillers; WO 96/ 40507 93
PCT/ US96/ 09705 ' ) Pe or r-
tially soluble in tjhe ther . poner -type

pol ymer that provide dis- o= u.ccc*cLus%ﬁﬁ%+—ﬁheeee——feOeeﬁd\
phases) in the 5 thermo§Ztt| ng resin %rl
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ié)a t hi xot r ope. 91. The thin film printed board precursor

of claim83 wherein the thernosetting resin film enploys as the
fLow control agent one or nore of - 10 i) one or nore electronic
grade.fillers; ii)a thernoplastic resin that is soluble or par-
tially soluble in the thernosetting resin; iii) an el astoner-type
pol ymer that pW/96HesaTi s- crete el astoner phases m%ms
phases) in the 15 t hernosetting r8gIn matrix; Iv)a

t hi xot r ope. 92. The thin film printed board precursor of
claim 84 wherein the thernosetting resin fil menploys as the flow -
control agent one or nore of - 20 i) one or nore electronic grade
fillers; ii)a thernoplastic resin that is soluble or par-

tially soluble in the thernosetting resin; iii) an el astoner-type

crete el astoner phases (segqQnd
ernosetting resin matri x; NI
e thin filmprinted board precuf§
tting resin filmenploys as e flow .

- 30 i) one or nore ect roni myprade
plastic resin that is s le or p

etting resin;

pol ymer that provide dis-
phases) in the 25

t hi xotY ope. 93.
claim 85 wherein the ther
control agent one or nore
fillers; ii)a th
tially soluble in the ther

v
b

PCT/ US96/ 09705 _ i) an(RLEK! 4 bl yner that pp@yi de di s-
crete el astomer phases (secjgpd pha -l t her no i ng
resin matrix; i v)pyt hi xotropf? 94. a==The thi ilm
printed board precursor g : o -
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cl aim 86 wherein the
control agent one or
fillers; i

tially soluble in the thernosetting resin;

pol ymer that provide
phases)
t hi xotrope. 15

clai m 87 wherein the
control agent one or
fillers; i

i N t hewo 96/40507

thernosetting resin filmenploys
nore of - i) one or
)a thernopl astic resin that

di s-
thernosetting resin matrix;

95. The thin filmprinted board

t hernosetting resin fb6fi enpl oys

nore of. -

)a thernopl astic resin that

as the fl ow

par- 10

PCT/USY/09705
precursor

nore el ectronic grade
is soluble or

iii) an el astoner-type
crete el astonmer phases (second

of

as the flow

par -

i) one or nore el ectronic grade

is soluble or 20

tially soluble in the thernosetting resinJ: iii) an el astoner-type
tLCE$as€%ne

pol ymer that provide
phases) in the
t hi xotrope. 25
cl ai m«88 wherein the

di s- cr r phases (second
- Thernosetting resrn nmatrix, E
96. The thin film pri ard precursor

t hernosetting resin filmenploys as the flg
nor e Ofge= lJ—Qne Qr nnre_elecLLnnLc_qrade

—h

control agent one or
fillers; I 1) a [t her no@rastre—resrmtirat—rs—sotobre—or—par—< 30
tially soluble in thgq ther efiing resin. L) _an elasioler-tyde
pol ymer that provide |dis- (x&imeelathgnerlphases (secon '
phases) in the thernmgsett n ; 96/ 40507
PCT/ US96/ 09705 | | : 97. The thin film
printed board precurdor claim 89 gamnererp the t Roset ting {dsin
filmenploys ag th e :
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5 1) one or nore electronic grade fillers; Ii)a

t%ernnplastic resin that is soluble or par- tially soluble in
t.he thernosetting resin,; iii) an el astoner-type pol ynmer that
provi de di s- crete el astoner phases (second phases) in the 10
t hernosetting resin matri x; I v)a thixotrope.
WO 96/40507 PCT/US96/09705
: 7/7
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