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Brief Description Of The Invention

A method of making a printed circuit precursor 2:06
15 AMconductive metal foil directly to a moldable, di-
electric thin thermosetting resin film wherein the
thermosetting resin layer has an unimpeded thickness
that is at 1least equal to that of the foil layer
bonded to it, to form a conductive £ilm composite. It
20 involves precisionally debossing: - a printed circuit
pattern into the metal foil surface and then conjoin-
ing the metal foil to the thermosetting resin layer to
transmit the debossed pattern to the resin £ilm. The
debossed pattern comprises <the grooves and sockets
25 suitable for a printed board. The debossed conductive
film is heated to cause the thermosetting resin to
gel, near-gel or cure thereby setting the thermoset-
ting resin.

) . Background To The Invention
30 The term “printed board” (“PB”) is understood to be
. a general term for completely processed printed cir-

cuit or printed wiring configurationms. It includes
rigid or flexible boards {(organic. or ceramic) and sin-
gle, double, and multilayer printed boards. A



“rigid or flexible boards (organic or ceramc) and sin- gl e,

doubl e,
and nultilayer printed boards. A WO 96/ 41509 -
.PCT/ US96/ 09672 2 "printed wiring .-
board (' PWB' )" is a subset of the PB. It is a board with only ey
printed-on point-to-point con- nections. A "printed circuit board" is .
anot her subseW096/415090f PB. |t is a board with printed-on cHfFOHRHIE2as 5
wel | as.point-to-point connections. In the 2ollow ng descri ption,
reference to PB's is intended to encom pass PWB' s and PCB's.

A typical PBis a flat board. that Fol d% %bivg% and ot her el ectronic
conponents. The boaPFipsepa¥dripgs poay PRl dss & fubsGitcaf the PB.

thermosetting resiny s Aatdard with only NbEimMedren: potAPESeHSEntY icbn—
conductive netal path- vs..The.typical resins used ip nmaki PB' s
are bro- i na{’tegd:iﬁf‘fphe\#gl'pﬁlf’gﬁﬁ %ﬁ% ki «%’ﬁaﬁg Eiissf"ﬂﬁ?lé?’ﬁi '"dg%et _
resins and polyi m def re®i nsit Tiee aeboardswitipi printedon compgoremtat ed i nto ..
a fiberglass ftabri dwt €S- ' | di png. he | nat ed --
fabric (the "%r epr (e%'ba)rl & ;I;!o 'S }a%oﬁgfegoflﬁé%egbﬁ'l_ti%l §h;s-t ?ﬁ% ur%fc'lJ
contai ning as desguiption; grefianeacg! ites PBSgchisn tntended ctprentotes a
high fiberglass to gesi pweild @na?8cp’s. The conventional printed circuit
i t [t i

is an'etched cir- cujt. _is made bg aﬁghoto i mged chemi cal etch-
process. A copper foilBd|¥pieak PB ipvar £4ah Ppaxd phbet holds chipsjaed :

U. V. Tight is shinegehd¥ GDdctrdiieRicon@oh8hts. The a@@rel ieh@agr 6¥i kipaths -
onto the photaresist, harden- 2
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of the photoresist. ilbepcomssets t boopghents agiid badrductive rfetal , phehri C

chloride SO'Ution)’wggg.exﬁﬁéegyﬁf resins used in making PB’s are bro-
minated bisphenol A type epoxy resins, bis-maleimide
resins and polyimide resins. The resin is typically

15 impregnated into a fiberglass fabric and with compres-
sion molding. The impregnated fabric (the “prepreg”)
is laminated into a multi-ply structure, containing as
many as 4 or more plies. Such a structure provides a
high fiberglass to resin ratio.

20 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-
toresist. U.V. light is shined through a negative im-~
age of the circuit paths onto the photoresist, harden-

25 ing the areas that will remain after etching. The
piece is then treated to remove the unhardened areas
of the photoresist. When passed through an acid bath
(e.g., ferric chloride solution), the exposed copper
is etched away. The hardened areas of photoresist are

30 stripped off. An oxide treatment is applied to the
copper to achieve proper bonding to the next layer of
laminate or for the top layer, a solder mask layer is

applied. A similar process creates the microminiatur-
ized circuits on a chip.
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the electrical |am nates used in PB' s corrprl se thernosetting resin as

described i medi - ately bel ow, inpregnated glass continuous fil anment

fi- ber or fabri CI&Y?%Q'EEchEh aHe cemacﬂsﬂzafm t Dap@RREEs S used Olih
nat es. Lam nat es

and pressed in a nulti- Ss into

have either one or bBEH® s%/%grqaea& em°seﬁﬁtﬂ'ﬂgc’6%w as ¢?e5'§ir|+ ed immedi-
mat ri X-rei nforcing SaBéBﬁEbéJa:Bge mpregn‘altem ghdes atetpinuvmepPiliawent fi-
materi al s such as p

a tes or L yester/glass to
general pur- I&(’J%’é 8?305?9?6?‘5559 Eﬁ?ﬁmwgls‘cé Ly A 8°ﬁ$bﬁe§ewf‘gﬂn§ﬁ%’er
(expensi ve) systems batkbdamh pressddiin de-mulbitdeylight preBs) Agkasdami~
polyimde (PI)/gl ASgate Nbsiaﬁn?ﬂl@éé eﬁave elthé’f Cold eéée%fﬂr QQdEQ clad
mul ti-opening presses. I npany nanufactures
epoxy/ pol yest er hybrwutn5coppecoppé%eamnmt@xweanégncimwysssm amagge
These different el eckpigamohiafh f’slﬁéﬁpéﬂxéﬂé‘ materialsJUSRbLE DhenER! |y

by conparing their respective T[e

Tlerr] [err]C lic/paper lamﬁms, @rpRpdyester/glass tyy general pur-
Pol yester/d agg pose - %%@xy/glass known as EFRxY/ @ASRigh performancé25
BT/ @ ass 225 60

Pl/da
Hybrids of these abol{®@*PeR$IVSat AYSHEMS, ebé‘(?&?edm *Bfsmaleimide-triazing
(BT) /glass or polyimide (PI)/glass. Most laminates

are pressed/cured in multi-opening presses. At least
one company manufactures an epoxy/polyester hybrid

15 copper laminate in a continuous operation.
These different electrical laminates are distin-
guishable thermally by comparing their respective Tg s:

T C °c.
Phenolic/Paper 90
Polyester/Glass ~100
Epoxy/Glass : ~125
BT/Glass 225
PI/Glass _ 260

Hybrids of these above resin matrices are coated

onto glass and pressed/cured into laminates with in-

20 termediate Tg's
’ Tg.2C.
Epoxy/BT-glass 160~200
Epoxy/PI~-glass 200~260

The FR-4 varnish which is coated onto glass is a
complex mixture of epoxy resins, catalyst, amine ac-
celerator and solvents. Glass reinforced prepreg of
brominated epoxy resin catalyzed by dicyandiamide

- 25 (dicy) with an amine accelerator is "B staged" into
dry prepreg sheets with flow varying from 8 to 30%.
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nul tiply (FR-4) coppeleclina¢he manufantuce esf dylhtiinsly y(ERESe copbleirplaiad -

repregs are com Wi | | .
Irorul Itol - gpenl ng 5 prlgg‘éhggggs h?% &%&61%se ﬁﬂgggfgfr??paﬁ?s &S FE%30
to - 60 minutes bF-BchUHfﬁheFQPE%# efOJ-l Aaa@hnmssexi ain tmenultl-ope\tﬁh | |

operation is ildustrabtadsi BtFhUAEGE: 0 SORg 18X C |an h.that °
nmust be trinmed deve?tr ® ops ogn t?fe’e ;sq doe JT ?ﬁg %(a%\?(?la and > rg ultt°s

in lam- 10 nat e \®& imnwtes  foragomplates,cureed | A psalsmiatid héf the

| am nat es, periodi caldverguh! ngPa’@:ﬂSR(ﬁ.sr ﬁi'lQQErgééﬁlﬂ‘g Figure 33M nate
|nperfect|ons and rough surfaces. Afte pre55|ngs ¢aul plates

must be cleaned by a c&SWeyexcess ﬁ?ﬁﬂdlﬁﬂgﬁ%maftae‘mﬁg be thumiad|devel-

operation. 15 ApBonTWRd @MidesObfl @hken lﬁﬂiﬁaté gsdepddfled O Wami~

nsi &N I
timte _rTEChamf(?l prq_paq__rt I\?asrlaa%llg.ltg? Ei a5.ates, used in pressing the °

laminates, periodically build up epoxy residue causing

laminate imperfections and rough surfaces. After many

pressings, caul plates must be cleaned by .a costly

grinding/resurfacing or chemical operation.

15 A maximum level of resin cure is essential for ul-

timate mechanical properties and dimensional ability

for stress free laminates. If not properly cured,

problems are amplified during the ensuing processing -

steps leading to a PB. A partially or incompletely

20 cured laminate causes resin smear (flow) during the

drilling operation (aligning and assembling laminates
into multi-layér boards). Resin flow and deposits on
drill bit cause misalignment and possible rejection of
the completed PB during final testing. X

25 Mechanical and electrical properties comparison of

phenolic paper and epoxy/glass (FR-4) clearly identify

FR-4 as the superior material. On a cost performance

basis, the FR-4 board is the predominant material for

PB in the U.S8. With more pre-assembled devices

30 (surface mount devices) and a significant shift to
multi-layer boards, the thermal/mechanical 1limits of
FR-4 are being exceeded by lengthy thermal excursions-
caused by newer assembly technologies.
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for stress free | am nates. I f not properly cured, probl ens are
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probl em associ at ed Wike,d%%g'% t3bEfg the noPdhulith 1LV A ALl Bd S -

pl ated through hole process ormng the "copper
pl at ed t hr ough fhsrdlynvelsetronlntiag: i Witholeepnesn oigh theh desiregy

the | aninate |ayers, pieRALSRY t BeuHOLS hf¥e Pidwn that BT catfibialy Zuld
the hole with el ectrol ess copper and inally electroplating Wth

f )
copper to the desiredive “fewhtharmed cYSIESed Zn@FdSsIfRFNSASP PFH ERaf)
only sur- 10 Vi ve beowet leoppelr @athgasé/fainides sodiisi ®heOfcdnipaty ke~

oonycr (12 For 5 SRR RS £ GE B YL o AR e
250[err] C.  The m smiiselnOf5000ehhiiCR80C Of The mismatch of coefficient of
thermal expansion (“CTE mismatch”) between the copper
“barrel” PTH and FR¥4 results in cracked pads, barrels

15 and/or layer delamination.
This point is described by Harper and Miller, Elec-

tronic Packaging, Microelectronics, and Interconnec-

tion Dictionary, McGraw-~Hill, 1Inc., New York, NY,
1993, in their definition of “Z Axis”: '

20 “(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]
axis. This is because the resin in the laminate

25 controls the Z axis thermal expansion, whereas the
fabric in the laminate controls the X-Y axis ther-
mal expansion. Resins have much highfer] thermal
expansions than do fabrics. (2) The direction per-
pendicular to the fibers in a woven fiber-

30 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.”
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PB f h d
he area of Cost 1 oUIERFBh CARBRHE, CPRPHESERE: Fedbiaab FiNes, ipesnhd "

capi tal investnent (s&aaaepr.oduct ion 5 line to produce PB's A third
| mpr ovenent iﬂyol ves gg; gw I n%“ﬁqu n&%l t a t he
current processes Fore ﬁ%ﬁ_n ﬁ%‘% our lgggrag{gj:n%tﬁh gé:?ocesses

greater circuit densinwplweat equasms f ¢aizktal neguipgent andpabazardous
chemicals. A photoresist coater is required, followed
by a UV exposure machine, followed by a rinse that

generates contaminated water waste. This is followed

15 ‘by an etching line that usually consists of 2 to §
etch tanks and 10 to 15 rinse tanks, all of which gen-
" erate toxic waste.

The essence of a PB is to provide the circuit path-

ways carrying electrical pulses from one point to an-

20 other. The pulses flow through on/ocff switches,
called transistors, located in chips, 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
25 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 measure approxi-
30 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 dozen to several million
electronic components (transistors, resistors, etc.).
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integrated cizguit fimi\g&ue\aoebaenrcagc“ epoRYe SYEEUN "ReFolalhi PSEENE)
general ly characterized by t hei r, functi on. he chip relies

on single crystal siTS%Eon wal 2 seBcased, (fiR i hadhestwrly jRonded (tqithe 5

provi ded. Layers PB with an epoxy resin adhesive that requires heat to
cure. The chip leads are then bonded, e.g., by sol-
dering, to the PB’s metal circuitry. |
15 The current PB technology is reaching its limits in
terms of how fine circuit lines can be made economi-
cally while the decreasing sizes of portable elec-
‘tronic equipment will demand even finer lines.
It is well recognized that a byproduct_ of minia-
20 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
availability for more circuitry, thus allowing for
more functions to be added to the Eircuit. The smaller
25 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 transistor has been able
30 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.



"of these wafers can be used to define the function of t he chip. The

crystal is then placed in a |lead frane, w th extendi ng copper angd
nickel alloy |eads. The frame i s packaged (encapsul at ed) with an
epoxy nol ding 10 compound - .such *as an epoxy cresol novolac (" ECN) -'
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resi n adhesi ve 41 "ng res heat to cure. The chip | e dGS/UPUOB TR,
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PCT/ US96/ 09672 result, boards can be smaller and built Gastee]D. From
Gregoire, EjnenSibnakhggr%HEE?SEQEer.Ségegoire defines what he calls “an
improved circuit trace geometry and manufacturing
process for PB’s containing ‘grooved traces’ or
15 ‘dimensional circuitry.’” The manufacturing process
employs a hot stamping approach to form dimensional
circuits. According to the author, major parfs of the
process embrace:

* molding is effected in a laminating press with

20 : ordinary panel-sized laminate materials (e.g.,
epoxy-glass, polyimide, etc.) in prepreg form;

* tooling cost, even for low volume, is nominal;
chemicals and stéps used for copper metallization
is traditional, yet high, benchmark-level FR4,

25 adhesion is achieved, as high as for pre-clad
PB’s; '
»x the following traditional PB prodﬁction steps are
omitted:
« production phototooling (£film)
30 « dryfilm plating resist
o film-to-PB registration (features are molded
in)
« imaging
o« developing, and




Di ego, CA, 92126 in a paper entitled "Fine-line "Gooved Crcuitry -

A New PB Process for SMI," de- scri bes an evaluation of his process
in making and em 5 pl oyi ng common PB in surface nount technol ogy (SNW)
application, which is in part the technol ogy, described in US
Patents Nos. 4, QYa8eéfidoeand 5, 334,279. [Surface - nounting h deloberyi t
board packagi ng technique in whi ch the I§ads (pins) on the chips and
conponents are 10 sol dered on top of the bo not through it. As a
result, boards can be smaller and built faster] From this analysis,
M. Gegoire defines what hedlidy,2801der rééﬁtp‘i‘ﬁd it GHEirbEfce

geonetry and nanufacturln process for cont al ni ng rooved
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A di to th th
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achi eved, as hi gh a%;s‘;g%r éé:egt e states that PR Si:lrama\tical]t% *%ﬁgf“oves

follomnng traditional I on steps ar
* production phot ot ocﬁqlﬁ’gré-flgl Hields during fl!l#'smthin psexfane rweunting.

TlmlanT LO PB regi straid %(ja(i:fe%fitﬁﬂa‘?.s ﬁro%v@oldi%ults V\E)rovide %iei&]) improve-
PCT/ U%96?09672 ments  in the se1fol ~locating feature during assembly be-
cause the grooves or channels allow SMT IC leads to
automatically self-locate. The self-locating feature
provides yield and quality (e.g.,. much higher lead

15 pull strength) improvements. The wide, funnel-shaped
and deep channels completely wick and £ill with sol-
der, making automatic allowance for the skew and out-
of-planarity problems that come with high lead count,
fine-pitch ICs.

20 A significant deficiency of the molding step of
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,

25 and polyimide, without specifying the fiber. In the
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-

30 ° ber prepreg creates a anisotropic substrate creating

. CTE mismatches for any copper layer deposited thereon,
due to the surface irregularity of that material. As
pointed out above, this results in “cracked pads, bar-



9 possi bly,
armount of conmon etch resi st
.on, with no registration

sol der resi st

inits entirety.
is used in a

"sel f-locating” wa D

steps required. The resist is stated to be .-
retained, 5 and protected in the grooves, below the surface, dur- ot

i ng et ching. In defining the signifjcance of this technology to
users, G egoi MOWA®s that it dramaticall Yy h§proves S i el ds

during fine-pitch surface nounting. 10 He states that groove circuits
provide yield inprove- ments in the self-locating feature during -

assenbly be- talise arty ogr obayssr odethannat ol ovl &A1Y C ingiddatiag
automatically self- a h.ﬁl |Lf-locat] ture rovides yield i3
and quality (e.g., Lﬁﬁghgﬁ?}éh;e_r eigzéafg 18 %ﬁ?liagt%r%ﬁg%’ﬁ) Gfﬁ%&b{/%hen'ts. The i3
wi de, funnel-shaped Parkend He8p 4dhAnAeBsd codpberites wakckuiny fahl op-th - 3

sol - der, maki i | f Qi ehhes s nd g o
of - pl anar ity pf obl e oPRaT ot p SRFERSD ( Mychlap TRHCANCCRUL. may b -

t ) .
20 A si ghi fi cBeRtEEF 0 dRBF=bf ITARVED| D gCaTEPest in the (sunfageocess. i3
is its use of ther mrpe! igud@h! a@iynhave foil dB&PBEEd bR’ Mt WBi ¢RakeaRs jihat

-2
3

the prepreg sheet cqn- al_ns glass fiher faprjc to reinforce the
epoxy resin. %fﬁé‘sgﬁéﬁﬁéi E’°or§’se e ?tcﬁ?g:t? aﬁ'épeb’bxfrbﬁl SXooves andypq
pol yi m de,

wi t hout saditiigisndgnt blef slisstratd.n Theeportions adt eftheassll idn i S
assuned that the fi q__ehr

[ s Li; ber.. That .requires. the hot
stanping into an unyi el ﬁlga%% O%nﬁh?i PERSHRRE FRY bFegﬂn?‘é?g PLpTinged,
and resists 10 wetiraikfti retchdégoess nentmachiriagy or, laseesteaciyhigsed iso 30
ber prepreg creates

| SOt € oS bhat §¢C ti . ] t S
for any copper Iayert‘?hc?}{c;o("zif)l.tjeaaq'.ltehé’r%'eo_nr,o s S‘f Egge&s?gltﬁne glﬁérjg-g%&e%%@ il
irregularity of thatthfteavhfiesagremain. pofiguxesofi-8amfcthe hpatentsulistin
“cracked pads, bar- aiternative steps in producing a printed circuit.

They are listed in the following table:

____Figure 6 Figure 6 ___Figure 7 ___Figure 8
Dispose a mark on a Machine or laser cut Start with a flat surface | Press metal foil
flat surface of a punch. | the punch to create of a punch around punch to
raised portions. make fail conform to
raised portions of the
e : unch.
Photo expose an im- Heat the punch to an Coat the flat surface Heat punch and foil
age of desired grooves | elevated temperature. | with a photo-resist to an elevated tem-
and holes on the mask material in a paitern perature.
of the punch. corresponding to the - :
- desired pattern of
grooves and holes in
e the substrate. —_—
Etch the photo ex- As an altemnative or as | Remove the portions of | As an alternative or
posed image of the an additional step, the punch withoutthe | as an additional
grooves and holes on | heat the substrate. photo-resist material. step, heat the sub-
the mask. gtrate.
Plate the etched por- Apply the punchto a Harden the photo- Press foll on and into
tion of the mask to fil surface of the sub- resist material on the surface of substrate
the holes and grooves | strate to form the substrate. to produce grooves
in the mask. grooves and holes in and holes in the
i the substrate. — substrate.
Remove mask from Remove the punch Heat the punch to an Remove foil from
punch. from the substrate. elevated temperature. } surface of substrate
while retaining foil in
grooves and hole in
— substrate.
Heat the punch to an Dispose electrical As an altemnative or as | Dispose electrical
elevated temperature. | components in the an additional step heat } components in the
holes in the substrate. { the substrate. holes in the sub-
strate.
As an altemative or as | Apply an electrically Apply the punchto a Apply an electrically
an additional step, conduclive material surface of the sub- conductive material
heat the substrate. such as solder to the strate to form the such as solder to the
grooves in the sub- grooves arx holes in grooves in the sub-
strate to establish the substrate. strate to establish
electrical continuity electrical continuity
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PCT/ US96/ 09672 rels and/ or | ayer del am nation, " clearly
lkndi cati ng why such a substrate is not favored by G egoire.
Parker, U S. 4,912,844, describes punching an op- tionally
pl anar surfacevW?ﬁp ggoounch that may be 5 heat ed to i MPpEFRIEHERNYIES
and cavities in e surface The pun@h may have foil disposed on.
it sothat it is transferred to the Substrate and in the grooves
and caV|t|es in the substrate. The portlons of the foil on
t he surface of thg—strs =TT “With the electicaiuT 1
t echni ques or nachinin | asen 5 a"f/ha compdnents. he |
portions of the fd Eplvhemm!ltgﬁ 0d epuRe; it es remain.
Figures - 5-8 of coie i REAPTYE sleps in
produci ng a pri ntjethoves afdhidled in They fare listed n the
following table: Mﬂ;@e;__Ei_g.uLeR - ' B
Figure 7 ﬁ‘g Di spose a m’m‘"ﬁ Vachi ne or | aser
cut Start with at sur?acess nmet al foil { holesin the su sur f ace _of _a
punch. the punch ﬁﬁﬁﬁﬁﬁgﬁfziof a punch C EEEFNCh to
rai sed portions. compone e make 1F D
rai sed portions of] PRENthe substrate. gﬁgﬁmw
punch. Phdt o expose an ijm Heat t hg éstablish an Coat the f]at
sur f ace Heat punch and foi l age of a%gﬁgggﬂgfbovas el evat ed
tenperature. wth a photo-resi t o _an_el evyicohbohenis N and hol ep
on the nask Apply an electrically Ny er 1 al 1N a pdttern peragure. of
t he punch. ﬁmﬁwgzmggﬁk corresporlding to the
desired pattern of ;rouv:sslnthesub- groojes
and holes In stratetoastabllsh t he
substrate. . As anjalternative of as Renove |he
portions of As an | posdd i nage of th an addi ti opal

~step,  the punch : antabe Ty tPBOpabcedure of tg.rsa.omesnar,\cmp es
on heat the substrate. photo resi st j(:a % heat .t he sub

" the nmask. is the exploitation o grooves a Hltegt

Pl ate the etched porboar&\pﬁbypi:dﬂﬁdmrtﬂh tpcnated tlhrcheit ¢ heI'tpmtadrlowBr one

foil on and into

resist material on tﬁg creg&
strat& to felecthibcakulresistence in “the virinodedaced ooves the

. grooves
in the nask.
the

10

15

20

gn gf,

face

%\?SU Stra eJ héedé&”%@ﬁe %ftFS. %uaow
gro8ves and A@s8Bikfed with the cavities@ndnBebetnak
the depth of the grooves are preferably at least as
great as the widths of the grooves and since the sol-
der can fill the grooves, the widths of the grooves
can be made quite small while still retaining rela-
tively low electrical resistance. In a number of in-
-such as at column 4, lines 9-19,
lines 4-8, lines 9-16, lines 18-19, the patent uktil~-

jzes heating of the substrate to deform it, using tem~

stances, column 5,

peratures up to the melting temperature of the sub-

strate. This demonstrates that the substrate must be
heated above a glass
to achieve flow. On
states that the PB’s

epoxy-glass material.

transition temperature in oxder
the other hand,
can be made of a ceramic or an

the patent also

In addition, the patent states



the substrate. substrate. Renove mask

from Renove t he punch Heat the punch to an Renove foil _from
punch. fromthe substrate. el evated tenperature. surface of .23
substrate . e
while retaining foil .

grooves and ho ng’ﬁlsw PCT/US96/096T2-
substrate. Heat the punch to an 12ispose electrical As an

alternative or as Dispose electrical el evat ed tenperature.

conponents In the an d tio t ep heat one n, the

hol es in the subst rtél?%t E‘Eg{éﬁ%ﬁ S 2}%@ ‘ﬁe°§uBlgh tempera-
strate. ' Asuze ahemmlalastacorozasthdm;dsptaﬂngl eatterdal by withdppl v .
the punch to a | nal step
conduci ve materi al Agpéghﬁ&{d %ﬁ#gt he upey contﬁ’uctt’li\r%égng’frc’?g ?J‘es' The
heat the substrate.paterh &8 devebd 95 datails son ahewt bhé omatahefoslichsas

sol der to thesg bonded to the thermosettdriPVes 'Eh&ﬂﬁoﬁi&%tiogrg%es F
and hol'es in grooves in the sub- te to .:

establish the subsfFigke, and how;pne -ayQids 3 ffiknismatch, as Charac‘

Slfs;aztlgi)gal continui k¢rized above. For ekamplérab GmHdINUEdYL will not WO

/ US96/ 09672
11 t:i.ght:l%I PﬂnghgoeFeH:FFE\g?lastic sC-Lstr aket #VeRe it thg
el ectrical substrate is c:memlrm:britrs contactApptlh the Poiilch dr0 atihe- _
Renove the p h r.f_a I&ﬁ t substr :
state to forlnlgfhe sive rosoglgsﬁar% ffeCt reats}?élafgagmtb mg ° %lﬁ—?@rmve B
the punch foml Bios Sdwse té!milgatlc subgtxahe.he 'ﬁubstamtears to
conponents in the pe recognized in the Grego:l.re s recém:ll gs U S.
substrate. Di spose el ectri cal ly an ctrica
conponents in the 9,390,412 thagogpgeifies r’r‘ﬁh%r‘?%ﬁ of anpjpdiesipn mero-
substrate. Shde Foatinder thatt BRvolves forming a “dendritic oxide
15 coating” by bathing in a “water base bath” in order to
bond an electroplated copper layer to a dielectric
substrate.

Gregoire, U.S5. 5,334,279, relates to a PB tool for
producing three-~dimensional PB’s having grooves with
20 strongly bonded or laminated metallic pads therein.
The circuit board tool comprises a metallized male
mold substrate having a plurality of groove forming
projections. The metalized mold substrate is made
from a female parent or predecessor master tool. The
25 patent articulates a three-dimensional PB that employs
a high heat deflective plastic, without defining the
plastic, and a plurality of recesses or grooves molded
into the substrate surface for receiving the €£fine
pitch, closely spaced-apart leads, of an integrated

30 circuit.

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

The Gregoire and Parker patents, all assigned to
Dimensional Circuits Corp., directed to technology for



grooves in the sub- : state to establish

electrical continuity with the

et ectri cal : conmponents. Apply an
electrically conductive materi al such as solder to the

grooves in the s strate to establish el ectrical Cﬂﬁ:

with the electri ca?ﬁ, conponents. 13An advant age of %&h
procedure of U. S. 4,912, 844, is the exploitation of grooves and
cavities in the board to provide the printed circuit. This all ows
one to creat e stimpldfring cPRrwanvbaciutk € ,0rdegionginarg they Somplexity

electrical resistangg estghq:oowsrl rg% g PBI: fﬁgﬁ the tood 500V esaAnd

associated with the cavi t he grooves
are preferably at | e&ft t@@ reasons g?%ts%h t%%eéftlﬁg 615 Fh%t gERR Rt et

since the sol - al@erofcmnfstkhctmengtasvesretﬁeeaw f.Btht&fl t:h@cjg@cam
10 . can be made quite small whi]e i1l .retainin tivel

| ow el ectrical ¥esistt¥crinted n‘fﬂ’r’b%r gprfif. are un %eﬁl&ﬁees"r stRRroReLLY
colum 4, lines 9-19de3aned For a simpiloesné 8efﬁddt&?e9 BES, cobnsesudfichd,
. the patent util- I zes .h 0. of sub et ef.or

tem 15 perature?’&ﬁ‘ t%v%ﬁgaé%é]tpﬁam%gﬁpera ESF %ﬁglgﬂbrpootls U"'Sharp
strate. Thi s denonstamat be tueedt Hen ssbsedage nllsstib:_cs and rasimed Jabm/e
a glass transition t?m%lrt%hurvﬂfen }:%aﬂ:ecf .sub%tratt eet\ﬁ%rf lc%yﬁtaléae gf A

ot her hand, the pat ert states that t S can

ceram c or an ¥® ngfoopn§piBingedxeeess and ﬁaHéiEH!Fon the patent states

WO 96/ 41509 The art of making PB’s f§j¥é£¥¥ia@%@7%y the proc-
esses and material from which they are made. Labor

intensive techniques such as stenciling, silk screen-
ing, masking, etching, and the like, drive up the cost
15 of PB’s. There is a need for a simple and cost effec-
"tive method for making PB’s that has the capacity of
minimizing the requlred use of labor intensive tech-
niques.

There are describtions in the art referring to press
20 stamping of foil and thermosetting resins and thermo-
plastic polymers. :Those descriptions merely character-
ize the forming of debossed surfaces, such as grooves,
channels and cavities, in a composite of foil and
resin/thermoplastic without defining with reasonable
25 precision the materials from which the composite is
formed. To the extent that materials are defined, they
are generically and very generally described. For exam-
ple, as noted above, an epoxy-glass prepreg was de-
scribed in U.S. 4,912,844, without any characterization
30 of the epoxy resin or the glass filament reinforcement.
The same is true with respect to selection of thermo-
. plastic polymer. In addition, there is no definition of
the dimensions of the resin/thermoplastic polymer compo-

nent in the composite.



12 that the substrate may al so be made of high tenpera- ture
t hernopl astic or thernosetting materials w thout speci f ying

may be or their properties. The patent is devoid of details on how
the metal foil is 5 bonded to the thernosetting or therrmplastlc
sub-- .~ strate, and how one avoids a CTE nismatch, as charac-

terized above. WOR#IS®, ani e a metal foil will not t iFGHUSHET t o

a thernopl astic substrate even if the $ibstrate is nmelted in contact .
with the foil; an adhe- 10 sive is required to effect reasonabl e bonding
of the foil to the. thermp c _substrate. This ear o]
recogni zed in the Greg Jr’b rgeﬁ‘n%' efﬂﬁt'lﬁ RS ¥§TY, 83sy to dag 15 Siawe _
specifies thé use oprese "cathdsi owegr o impart mropvesat phg‘lnetllsatanidn\sok:kes o
formng a "dend“t'gtgxmeal etal CAAN.NY tHYy dwthl B¢ kOcR a%]&; eRgsgahatn” . ;
in order to an e] ectropl at ed cog layer to tr|c g
substrat e. be aadee r tArqs gr neazhyo an‘rréit&tsé%‘a%b‘! a 3 tlool Hoyr .
produci ng t hr @e- di neget prsbciPEcdlhayi Alingsygownd Packs Xtrengthronglsidigrded

or |am nated netalli, pads I [C bqar 00! co r| ses - .
a netallized male % cﬁg%%neﬂ&%{’ Fa%tt téh%mogé%t% Iﬁ%éa i %rg?iatmnxf .
form ng pr oj JEEELARIt Yheshepel intel Koi® EoUpsrin ePaJF"s'Nhﬁ@kl;t to -

froma fenmal e parenthgs &&Qﬁsceﬁa@rcm%erd&s@éaea He &b to f&ta&at a de-
articul ates a three- dlrreso PB t hat

defl ective plastic, RuCRButdOE m?fﬁ"’[she’g mycu"ﬁfﬁstlr“tag n%‘ tg’Fur%teri“ly of -
recesses or gIQ)oves Swhdddlms, on phandinge andbstheat deatefiate ébfectecamine ng

the fine pi t thshesgh&e%as@#aﬁ&ar tlds%a%%fmﬁ{l&n dtagy aéle%ué-o
circuit. egaire, 351é I S anot atent inth
area. Thes RS &llrél P§r|<"é}e pﬁ!@ﬁﬁ%edaldﬁb&%ﬁ"bn@ﬂwvn even

Di nensi onal Gircuit ssHear afficketietbe@htombE&hNOEAYYAADEion, a conventional

thermosetting resin may not have the adhesive propertiés

15 to adequately bond to a metal foil during a lamination

procedure though the art possesses substantial knowledge

about thermosetting ‘adhesives that bond to metal foils

such a copper foil. As noted above, U.S. 5,380,412 re-~

quires the creation of an oxide layer interface between

20 " the metal foil and the dielectric substrate in order to

achieve bonding. More importantly, 'in such laminate

construction, a conventional thermosetting resin may not

properly flow in a debossing process so as to form a de-

sirable bond between the foil and resin films coupled

25 with a satisfactory debossed/embossed pattern in the

composite. This is especially the case with compositing

a metal £6il and a thermoplastic film. High performance

thermoplastic polymers, commonly characterized as per-

formance polymers and engineering polymers, do not pos-

30 sess good adhesive properties. A metal foil film stamp

pressed into such a polymer film will possess weak adhe-

sion rendering the composite unsuitable for most appli-
cations, and assuredly so with respect to PB’s.
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13 sinplifying PB manufacture, denonstrate the conplexity of
maki ng tools. and making PB's fromthe tools. Me , of the reasons for
such conplexity is that the materi- ~ [T |S§|-EE‘PfI—lMSOBEEN ction that are used
for tool makinguabhase for printed Wi |H (OcER € undlefin

| mproperly designed for a sinplsg B~ construction

that avoid CTE m smatches and for meking tool S that can be used in
shaping plastics and resins into printed wire board substrates,

whet her containing or 10 not contai Nigy. g;ﬂgx@gcﬁnd cavities.

The art of naking PB's is restricted by esses and nateri al

fromwhich they are naddis inggstion relatgeria Vehe RAnfegsdngs e hmateri-

stencfling, silk scrgan- and thél'lg cBRBKA G ot €8I %ocﬁi& the duike, sijve
up the cost 15 of . PB' s here i.s a need for a _sinple and cost effec-

tive method for nakllrﬂj“llsgt?dt rohegiye Héel:%‘b%q fllﬁm“e“tlﬁgn?fﬁflz‘? nEtthe
required use o | abagnd ntnesuo&wbeehon of ivi Byesa mechanicall hﬁéBoQéﬁlg

descriptions in the art ferrln
t her nosetting resi nsp:a‘?wc(f W& FS- $mpBrE" §§%?%sep%lin€/% 6%1?8§§e8e§’6’r5"b?‘? ons
nerely character- circuize pattém mdmgeotlyjelnbesednsurI‘ma.tses:,mmnﬂioas is

grooves, chan e%hout g@%int'esthirf' @iﬁpnpgsb% a%é,f& nﬂne Jf!he

resin/thernoplastic wt ning wth reasona preC|S|on
materials from whi ctingwdtaymedementsi shat avoid GiEeaisratchesext Bre itmt

material s arejgefi neghntiRY also redhfesSeRer Gl | HolRMtiH YofehersH | ¥rom
descri bed. For exam ple, as noted above, an epoxy-glass prepreg was

de- scri bed |WQ§QS°°E'P§’1‘2’1§§4 wi t hout any characterization 30 of
the epoxy resin or the MWSphuclt&aﬁmarlﬂ nfeigeneAvention reﬁme%an’eol Sa

e MU espect QSR80 QopllSilig o shapdl i B hncalding

resi n/ t hernopl asti ¢ ®cdebmsesbglectrical cheeiitny tgetteompasdt en uncured

15 and ungelled thermosetting resin film and forming an

adhesively Jjoined composite conforming essentially to

the shape of the metal foil. The process comprises

placing a shaping tool with a surface possessing an

embossed electrical circuitry pattern, as described in

20 the prior art, and forcing the shaped surface and a

surface of the metal foil into intimate contact

whereby to deform the metal foil to assume essentially

the shape of the surface. The shaped metal foil is

separated from contact with the surface. The sepa-

25 rated metal foil is placed in contact with a thin un-

cured and ungelled thermosetting resin film. It-is

forced intoc the £film without significantly altering

its shape. This causes the film to deform and assume

the shape of the foil. The ambient condition associ-

30 ated with the film in contact with the foil are such

that the film assumes a set condition and the foil is
adhesively bonded to the film.

This invention relates to the use of a thin iso-

tropic thermosetting resin film that is amenable to

- This Sheet Has Been Rerlaced

AR




“According to the invention there is provided a nethod for
- shaped netal foil and a thin isotropic uncured
thernosetting resin filmlayer and

5 lam nating a
and ungel led diel ectriCom
form ng an adhesively joined

| ani nat'e conforning at one surface to essentially the shape of the "fgf
metal foil whi onpri ses superinposi ng. a shapi ng tool aining a 3
surface 10 cogjtba?%l?lng the desired shape and forcing the sha&gﬁm .

and a surface of the nmetal foil into intinate%ontact to deformthe i
netal foil to assune essentially .the shapes of the surface, separating - -4
the nmetal foil from Cl, W h ﬁ“q ing. the shaped i
metal foil in cont ac?gi\;mﬁ?hguﬁe;%etsdur% aged(%#[’égf% ur?%#tgg gxd ﬂlﬂégl e
t hernosetting resin presgiomwikhch debessed| metaht fohd, theti thasreamwr im-

i ngredients, (phreed hoFIMSRE (diNGuiesbRt Lo @}fé@&gﬁs iﬂe"ghﬁﬁ%@&-
wei ght w thout form ng a significant volatile byproduct, an E
. tropi¢ thermosetting resin film properly composited

with the metal foil avoids the aforementioned CTE de-

ficiencies of an anisotropic fabric prepreg.

5
' ‘The com~ -
posite can be made by pressing the debossed metal foil
into the isotropié thermosetting resin film with mini-
mal loss of debossment precision of the debossed metal
10 foil. This results in a composite (laminate) that can
eventually be used to generate a printed circuit board
that is devoid of CTE mismatch, or for forming a tool
useful in effecting the debossment procedure.
The thin thermosetting resin film has the capacity
of being precision molded with the debossed metal foil
at a relatively low temperature,

15

such as temperatures
as low as room temperature (~23.5°C.), with superior
duplication of the pattern molded into the metal foil.

In particular, the invention includes a method of

20 making a thin thermosetting resin film that is aména-

ble to being subjected to a debossing procedure with a

debossed metal foil, debossing a metal foil such that

grooved electrical circuit pattern
therein, combining the resin film and the debossed | -
25 metal foil, and causing the foil and resin film to .'*:'-
mate wheéreby the grooved printed circuit pattern in
the foil is transferred to the resin film.

it possesses a

Then the
- film and foil are composited to form an adhesively
joined laminate by subjecting the resin to conditions

30 that advance it to a set condition. This is accom-
plished with minimal loss of debossment precision of
the grooved pattern in the foil. The printed circuit
pattern with the grooving within the foil can be fixed

by the thermoset state of the adhesively bound thermo-



20 (i1i) a flow control conponent capable of lamnating a three

di nensi onal | y shaped debossed foil, in which the resin film has 25
a) an uniform areal thickness ranging fromabout 1 to about 250 mls as
cal cul ated fromthe weight of resin filmfor a given area;

15 Hyﬁa vention relates to the processing of

als and their conblng fon to produce a thin foil- Iamnateghi %%e5|ve
dielectric thernosetting resin filmb5 and f'he conversion of it by a
mechani cal debossi ng procedure to inpart a debossed and/ or enbossed
printed circui p n .di t n [ ntj.o

used to forma thin % 1I-' Qéé% an'{/ﬁetc)t sz&?@:[r?é) comggéfte QXS Tb %A*’Z eren nts

that avoid CTE m snafetres®2 PEhe in- venti on aI so rel ates to t he

formatiion of a PB fromy, adaifess GQE@OEREﬁSthemosetudeeﬁa{tffﬂﬁaiL-y,
this invention relates to a onpositing a shaped net al

for
foil containing m%‘%s%%db%’é%t?‘i‘le&?ctiﬁq cER t ﬂ/mf)ai-’t“é? nthRdggpoves
uncured 15 snd unged | ehviRtaesnset t iang femals fhdIl@saNdsboI M NG adBefined

above, whereby to form a male replication of the fe-

male shaped foil. By subjecting the resin to tempera-

tures sufficiently high enough to cure the resin, then

a laminate is formed that causes the conjoining sur-

10 face of the resin film to replicate a male image of

the female surface of the molded foil. In this man-

'ner, the composite of the invention is convertible

into a2 male tool for making a PB by stamping another

foil or film. '

15 It has been determined that metal foil sheets that

are debossed to form an embossed surface replicative

of an electrical circuit pattern that would be used in

forming a PB, have the capacity of debossing a thin

uncured thermosetting resin £ilm possessing an unim-

20 peded thickness to such debossment. Such can be ef-.

fected without a mechanical supporting surface for the
debossed portions of the foil.

It has been found that thin wuncured dielectric

thermosetting resin £ilms, properly formulated and

25 cont_ainixig an unimpeded thickness, can be sufficiently

directly bonded to a heat and electrically conductive

metal foil to form a composite that can be debossed

through the foil surfacé to retain the de~

bossed/embossed pattern in the metal foil and the at-

30 tached resin film of the comp‘osite. The composite 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



“adhesi vel y joined conposite conformng essentially to

t he shape of
the netal foil. The process conpri ses pl aci ng a shaping _tool_ w
surface possessing an enbossed el ectrical circuitry pattern, as
described in 20 the prior art, and forcing the shaped surface and a
surface of the _netal foil into intinmte contact whereby to deformthe
metal foil to WOMHE®Rssentially the shape of the surfZCE/USIPER2. . -
shaped netal foil is separated fromcottact with the surface. The -~
sepa- 25 rated netal foil is placed in contact with a thin un-

cured and ungel | ed therrmsettirgg resin fil, It is . forced into 't.he'_"_;l:
filmwithout signifGkS¥RESH aFempPeTRFure while (the ,compogite g f&ee REfi|m .:
to def orm and assunghe debossdiligy mdodpethéat tines fuddd tollhapebirat 60ndi¢don .-

associ - 30 ‘ated wifh the filmin contact w th t.he foil. are _such_,
that the film assun®% a 388 cHiui ’fo%&'fn}%l%ea b5st & resin f%ﬁHIEEFW:\?y

V.

S '
bonded to the fil mSuch gellindhps meaergélbliing| creb ¢ure hEixese e adéhin”
i so- t 50pi ¢ LHeLa® @rﬁﬁéé%d 4k ddn M4 hehel nakl.g t _

5 . i
1l4c el astorreri.’ ﬁ%seé I'n the fﬁer Dset tr? ng ?ezr}e%g?fata%l% gar%r agdl V).

a thixotrope; inpresBengesha 1ayer 9ff Fheh&ompPPRiS&r pakkicientifopoguring
significantly alterhng/épepshepeusing Nend Udmpdadte, agabeN@abBembi! .
surface to deform and,assune Hée SP e of ., _the t'0| |, .applying conditions .
to the filmsuch thdPifhedT | St fiatofe LN PIPIARL { i G¥SaRE ¢ REBPBPT | o
adhesi vel y bonded t fent/embossment precision for eventually generating a

10 PB or for forming a tool useful in effecting the de-

bossment procedure. The debossed/embossed pattern can -
replicate an electrical circuit typical of the most
complicated PB’s industrially available. The foil and
the resin film can be extremely thin and the composite
15 can have a thickness thinner than most of the commer-
cially available PB’'s, and typically as thin as the
most advanced state of the art PB’s. Of particular
desirability is that the mechanical debossment process
allows for the generation of exceedingly fine line de-

bossed and/or embossed electrical circuitry in the de-
vice.

20

The composite of the invention can include a thin
layer of thermoplastic polymer, such as a performance
or engineering plastic. The thin layer of thermoplas-

25 tic polymer contacts the uncured thermosetting resin
adhesive film which in turn contacts the metal foil.
Thus, the three-layer laminate precursor comprises a
metal foil layer that in combination with the thermo-
plastic polymer £ilm layer, sandwich the thermosetting
. 30 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



10 the film WD 96/ 41509 PCT/ US96/ 09672

The I nvention This invention relates to the processing of materi -
als and their conbination to produce,a thin foil- | am nat ed adhesi ve
dielectric thernosetting resin filmb5 and the conversion of it by a
mechani cal debogsig githasee procedure to inpart- a debossed and/geraigbaened
printed - circuit pattern directly thereon, This invention IS

used to forma thin filmPB or any other fine™ine circuitry elenents
that avoid CTE m smatches. The in- vention also relates to the

formation of a PB frﬂmmosettﬁﬁﬁseré‘é}ﬁ‘poiﬁgxs and into tNQrQ:hE%BBEHQ@{ Y

this invention rel ates process conpositing a shaped neta
foil containing polymexhdeyed-el ectrical circuitry pattern and an

ugﬁur ed I15 ang ungel-ﬂr@? Eh&hnD§611+I&nifrfa‘3:|teia }‘Fiale@ﬁiri@r rﬂh@&meeettm
adhesi ve Yy JOI ne CcO OSlI (0] essen a
the metal foil. h’gép%cg’s:'s‘“n% n}:ggs capaci ¥)I 3% hﬁlﬁgsﬁﬁﬁFﬁﬁl‘P%ogtWEh a

surface possessing aﬁblded tl'ﬁ:tm:hsecleelthcthr'foial surfacd by [Ehiriser stamping
described in 20 pr.ior. ar or Ci 1a surf ce an
fo, e PhL & it e o PP OEn R 2RERL BAFEER ¢ e

surface of the net aI confa el eby
metal foil to assunecegsdsesal éybossed tflheesﬂé-pssofcltmm:rﬁatec ofthethe

shaped nmetal foil isg; lget 1c%quﬁ@%%1Jr&fn§0F§aCtTﬂétQtﬁﬂﬁhﬁgraéﬁgés dde

sepa- 25 rated rret Is placed 1n contact wt
cured and ungel | ed thRysReISYEmReSEBSPR qf nthe| foid to formr ;eddehessedie

filmwithout s$bgnifigeditdy SHBSHIW electridal TizRAitTHatteaHSomphesihngm
to deform and assume

grooves, cavities, channels, ridges, sockets and/or
plateaus (raised segments), and the like. This can be
effected at a relatively low temperature, such as tem-
peratures as low as room temperature (~23.5°C.) or
15 lower, with superior duplication of the pattern. That
same pattern can be retained in the eventually cured
resin laminate. The debossed foil is then put in con-
tact with the thin resin f£ilm: either the film is su-
perimposed on the foil or the foil is superimposed on
20 the film. Because the electrical circuitry is formed
by debossment into the thermosetting resin, the space
that the circuitry occupies on the surface of the
board is much smaller than the space of circuitry in a
comparable conventional flat board PB’s. The amount
25 of deposited metal in each circuit line debossed into
the therﬁosetting resin provides the desired level of
conductance while the surface area of the board occu-
pied by the circuit line is much less, Because of
the finer circuit lines that can be provided, a PB ac-
30 cording to the invention may be made smaller and thin-
ner than conventional PB’s. |
The foil that is laminated to the thin resin film
. is a relatively thin sheet of essentially uniform
thickness as characterized by ANSI/IPC-MF-150F, §



t he shape of the foil . The anbient condition associ- 30 ated with the

filmin contact wwth the foil are such that the filmas

condition and the foil is adhesively bonded to the film
This invention relates.to the use of a thin iso- tropic thernosetting*
resin filmtha nable to WO 96/ 41509

PCT/ US96/ 09672&'6&14%9 16 beit T USRUME R ed . E
to a debossing procedure by |ight com W ession with a debossed netal -~
foil that has an im parted printed circuit pattern thereon. The.

thin iso- tropj g ther ng. r I Pry rly. G It
with the netal foil av0|t3gs %G}eézf?or%lneﬁ?rgﬁég (q}f gﬁei enth{fipggen‘g?e%alof
an ani sotropi c fabrikeigy efergPrinsedofiring Appidicadions, e pukddsbed by
pressing the debosseghdreidefQite for mﬁ&%ohhecw&ér&mw;@%@’ﬁitﬁi@&-

resin filmwth mni- mal | oss debossnent precision o
debossed netal 10  tronjig cnﬁ“‘é;sr'eglﬂsps N-n Lincedpodveaue) akiinaedpweedy

can evengual | yxbesm tcrh@erfatnt faag ﬁawtsdtmméls% B@@ﬁéen about hat
is devoid of CTE msg&ic f504rx Qf m ng

at n etfecting
t he debossment procedt Tﬁzg‘)t o nagﬁgf&'nﬁge{“i‘rﬁg(gegé’ﬁ'ch | frhas
t he capacity 15 otrabeimy ﬂmgmntmbdedemﬂtédlefdi&m&&adiB”Bbélrcéﬁt|

at a relatively | ow tenperature, h a erat ures as, | ow as room

tenperature (-23.5[e ?fcwfwéxlﬁ“i hfg’trlg%'r i %‘F{tarme }"iﬁﬂ?l it B9} nareaffern

nmol ded into the net ahhéoeﬂ.ectrodepositeldn q:anm'omqhar fokle. | DHENELAD sRekydes.

a net hod of 2(1 g bae t@g@ tla%r n;)s%ta& n ‘;Ac{ m.t.hat 1s rrena-
j ect e 0

ble to being su ssSi ng proce uctive YL
metal foil, debossi ngeaahetalldxail such taait alummumut cqqme;te,ssemrommm,

grooved el ectri cal ggiﬁcubhvé’@t Uffdhesium, hIBKkELN b SADI Yi0e,t RAL §RLD

filmand the debosse
like. Preferred foil metals are aluminum, copper and .

nickel. Copper ¢grade foils are characterized by
15 ANSI/IPC-MF-150F, at § 1.2.4.1 and such are included
in the practice of the invention. The foil sheet may’
"be a separately formed sheet that is adhesively bonded
to the thin resin film or the foil may be formed és a

sheet bonded to the. thin resin film by a metal deposi-

. 20 tion technique. The metal deposition can be effected

by electroless and electrolytic metal plating, By
netal sputtering, vacuum deposition, and the like.

The metal foil can be precisionally debossed and

the debossed foil can be placed in contact with the

25 dielectric resin £ilm. In the preferred embodiment,

the male side of the foil sheet is contacted with a

surface of the dielectric resin film. Then the foil

is pressed with low pressure, but sufficient to im-

press the foil into a surface of the resin film. The

30 thermosetting resin film has such flow characteristics

that such impressing transmits the debossed and/or em-

bossed pattern into the dielectric resin £ilm. Sux-

prisingly, the foil pattern is not collapsed by the

pressure imposed on the foil. If the pattern com~



25 metal foil, and causing the foil and resin filmto mat e

wher eby the grooved printed circuit pattern in the foil is
transferred to the resin film Then the filmand foil are
conposited to forman adhesively joined | am nate by subjecting the
resin to condit iw096/41508 that advance it to a set condition. periRbgask
accom plished with mnimal |oss of dghossnent precision of

the grooved pattern in the foil. The printed circuit pattern with
the grooving within the foil can be fixed by the thernoset state of
t he adhesivel y boundpikhgesogrooves, r:.d@@sg%dlﬁgakets qu.table for makin
PCT/ US96/ 09672 resin.

resul ting conposite Rarfe TREY Fhat patterp g pgrmanently fF-Pieédd‘Ptqbé-ﬂ
the thin thernpsettither esmpobike by curlnganﬁmbdﬁelébdﬁ&gzk’ﬁé&bdfﬁ%ﬂnbo
flow into the grooveg c femal e o] as
defi ned above, V\geregﬁ&go fg'irlﬂn% a8§°?9e§ epF 3987 oANDSOF h§°f’5ets can
mal e shaped f obl . Byrenb}@a;wr@) rtiatedschrceit grepsrern. tures |
sufficiently high enougpy,t e naj.e .i. s .faqrme
fn Bradl ttoh }fiace 0% @E resu.'l.té1 %H‘e c{J.r él}:?l Ité: AFe 3

that causes the conjoining sur- tilrmto
mal e i mage of resin cfiie %Q]?H@@@topft héengpmeqSitndn showldhhaveaan

ner, the conposite OfniMSeddlySElidihdsS Qﬂﬁ\feﬁrs' t&ltef],east f?ﬂgg @on%kmgﬁt Q@'
I'm I as

for making a PB by starrpl ng .anot her 1
been det er ni ned t hat ERet £° 0|Pe%ﬁ%‘&f§-nﬁha‘f—he resipr £idaboanadd eventaedlan

enbossed surf aoe repﬂ:dn@@édveo it. Cﬁre&%rﬁbﬁ?ﬂ&:ﬁé' d@.le'fl.@]g!{:%l@akégiﬁ Tf'ﬁfn
Unoured ther moset t MR e TR 5oL SEAERRG=SnCaRE rhs A 1oapdaade; RhaRkcss
to such debossnent. nesmichf ctime bfoEf -and as thick as 250 times the thick-
ness of the foil. . Preferably, the film has an unim-
peded thickness that is at least about 1.2 times
15 thicker to 25 times thicker than the thickness of the
foil. ' Most preferably, the film has an unimpeded
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 composite compris-
20 ing the £oil and the unimpeded resin film is from
about one (1) mil (0.00254 cm) to about two hundred
fifty (250) mils (0.635 cm).
In the typical case, the unimpeded resin film
thickness is at least equal to the depth of debossment
25 of the metal foil into the resin film. An unimpeded
resin film is an uncured, ungelled or un-near-gelled
mass that contains no restrictions to the impressed
metal foil. Such restrictions comprise continuous
filament fiber as is found in a typical prepreg, fab-
30 ric as is found in typical resin impregnated ‘fabric
. (fabric pre-preg), paper as is found in a typical im-
pregnated paper, ‘and the 1like. However, cut fiber
such as staple fiber, preferably having a length less
than about 1.75 inches, has the ability to be moved in



fected w thout a nechanical supporting surface for the debossed
portions of the foil. It has been found that thin uncured

-di electric - thernosetting resin filnms, properly fornulated and 25
cont ai ni ng an uni npeded thi ckness, can be sufficiently directly
bonded-to a hewiownssoel ectrically conductive- met al f oi |pdToUSHEIOMEYR
conposite that can be debossed t hroughy, t he foil surface to
retain the de- bossed/ enbossed pattern in the metal foil and the =~ ..
at- 30 tached resin filmof the conposite. The conposite can be

subj ected to condi ttmsﬁhﬁtaﬁa)‘ etheseforeQf stieh 1s not idodystreaelt tegimesi n,
and t he t hernoset reS| n &)row de a__diel ric substrate. For

exanpl e, that de-P b%sssf%eé‘(}/ gﬁbslé’seﬁeﬁ”é{nt can then be subject ed‘ ’

to an WO 96/ 413@9cured conductive f£ilm composite can be used to -
PCT/ US96/ 09672.

I
tenperature whtle tﬁ]ée%onp%m Peor 3 rtgglolﬁor' maﬁ?ﬁePaébospj‘gl ‘r%’g%}l ol clitt ﬁSt
was used to siape t hppfopriate to terge|thenezomppsiiter awure wrecadhesi we

esin formilati S N h
resin formulation. mayingSdchege iﬂ‘gaé’&l fm% f\gzee@”&rgl-l.{cﬁ::.fv‘exefﬁ.lh €

de- 5 bossed/enbosse pattern in the rreta
resin layer of the €8Ap®Si t&3GPHi EPeREmPE? Be¥ahgfoll fromdswriamsstromr | ng

the conposite, as thgoa8S8fMKebLilm that H¥eSne@NtBenef {,setedf%ﬁét digy-mal
| oss of deboss- ment / enbossnment }grem sion for eventual y Jg_eneratl ng a

10 PB or for forf&Gas F&GF“ﬁEe‘PEIt B4 e QANF§IUSBLYY, th

procedure. Theodeboswad/ ereesassdr peih e Wit to forrneal inagbe garel&s:taulcal
circuit typical

of t | i,cat i riall vai | abl e.

The foi | and (ke TS o PR RFERE ES AT ermip (RVARERGS: B EbHbT o

15  can have a thivdatdsn tis riheat (BRI mosite o:ﬁutshe:a@ommr-be made to ddy
-available PB's, and éé’aoék(\a%lley a%dtlt.f'ééh afnt Egrming three dimensional PB’s

where the electrical connections between the stacked -

15 molded laminates may be through holes (PTH) extending
through one or more layers of the stack and/or by con-
necting plastic toape circuits _betweeri the layers of
the stack. This can be effected without some of the
deficiencies noted above in respect to PTH problems- in

20 the prior art boards. Indeed, the molded pattern may
include sockets {or cavities) or piateaus for chip
components and trenches,-furrows, grooves, channels or
ridges between the sockets that are allocated for cir-
cuitry. In this form, the stacked PB’s will exhibit

25 the maximum compactness and hence allow for optimum
miniaturization. |
The conductive laminated cured film made according
to the invention is useful as a female or male tool
for making a PB by stamping another foil or film (with
30 or without metal foil) having the same or similar com-
position. . .
The invention also contemplates the method of mak- i
ing a foil-laminated thin film of a thermosetting )

resin that contains in situ-expandable thermoplastic




nost advanced state of the art PB' s. O particul ar

desirability is that the nechani cal debossnent process all ows for
the generation of exceedingly fine |ine de- 20 bossed and/ or enbossed
electrical circuitry in the de- vi ce. The conposite of the
i nvention can iwelokdmes t hin | ayer of thernoplastic polpriRisesdgin as
a performnce or engi neering plastic. e thin [ayer of thernoplas-
25 tic polyner contacts the uncured thernoSetting resin adhesi ve
filmwhich in turn contacts the netal foil. Thus, the three-layer

| ami nat e precur sor Wﬂc&eg fhat _contdBigl aﬁOééséxﬂamghahifarﬁoa&hgﬁéy on

with the therno- I C po
t hernosetting 30 a”rdesth'i-céfﬁﬁé& 9E¥?§? n??%%'fe dthref £hRi AiiB- cafnbEhiR-

bossed/ enbossed at a&nbddimeREAr p@:@bsﬁl&egbhlﬂ.eﬁﬁlpr dinurthe mtermzf défhethe

t hernosetting resin j.hrou the netal SO
debossnent is trans‘rﬁltqf'b(?%lrﬁpguﬁﬁrf'ﬂg E8uses Lkheﬁ/\é"‘&g‘/ Ef56§pahd +8" in-
PCT/ US96/ 096725 vention contemplates placing9 such a (foddrbaminated

resin layer and int qfd, bflee 1{&9& {:]@éfﬂ g to thg e ehﬁ)fgr of t'hhe %ﬂv;m—

thin foil-lam nated er nos resi
capacity of being prisingi oandt dhgatsing ﬁbﬁdeﬁﬁ-hhr@@ghatrt@mﬂmtﬂé‘ﬁl that ace

by first stanping causéshecrfaetﬁ{ Epih- é&ﬁ&hd%h‘l@t tt@:rels.tﬁ@p‘iagtic plbeieféé ern
conprises enbossed fine |ines characterlstlc of el ectrical

circuit of a PB. THe® &XR#pcnhdreruthe feil. In %%%bﬁ%h@%@ﬁﬁé§§ﬁ%nt16flihe
foil to formﬁodeboafésirwle t%ndiaﬁfe eth soeshre| £0In | St fadd GiY PRt ESKN

conpri si ng gr Qov vVities anpel s, _ridge socket s and/ or
pl at eaus (rai sed segtr?é"reﬁ S it nt§ nEo * kefF Wi §°c§%pﬁgd N §UCk Y G a

relatively | ow tenpédradiment,s e sesxpagreion is preferably carried out so
that the surface of the film can expand to some extent
without a confining surface.

15 The invention also contemplates Jlaminating the
aforedescribed metal foil-thermosetting resin laminate
to a supporting layer comprising a thermoplastic poly-
mer film, a fabric and/or a composite of a fabric and
a thermoset or thermoplastic polymer impregnated fab-

20 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
thermosetting resin layer. In making such laminates,
the previously shaped metal foil debosses the thermo-

25 setting resin layer of the laminate or through the
thermosetting resin layer into the supporting layer,
in which case the metal foil is bonded to the suﬁport-
ing layer, typically by viitue of the adhesive quali-
ties of the thermosetting resin layer of the laminate.

30 The invention of debossing thin metal foil £followed

. by using the debossed foil to form a foil-
thermosetting resin laminate where the laminate con-
tains the debossed pattern of the foil, can be carried
out in a batch, semi~-continuous or continuous précess.



'peratures as low as roomtenperature (-23.5[err]C ) or 15 | ower, Wi th

superior duplication of the pattern. That sane pattern can be .
retained in the eventually cured resin | am nate. The debossed foil is 3
then put in con- tact with the thin resin film either the filmis-

Su- peri n the foil or the foil ,is superinposed on 20 the -3
film ‘Becaus %ﬁgﬂﬁectrical circuitry is forned by FEFHSEHRN672 | nto.- 7§
the thernosetting resin, the space t hat?4t he circuitry occupi'es on the.
surface of the board is much smaller than the space of circuitry in a-
conpar abl e conventi gnal t board PB' s he anDunt 25 Qf dep05|ted

metal in each circui ﬁ ﬁ &b&E?&Ss?htBhe tof1 15, cdehRsags s

provi des the desireadd etHerofdevice, amdndmanarmfacddl lie tda:ehtaul:f adenare of -

t he board occu- [ t (o] ' n ch | ess cayse of 4
the finer circuit Ii neé’Bt ﬁﬂ%an e #Eﬁ{[ﬂ dé dJl go#%a:ﬁy E %“%o?'&l%ﬁ t he

i nvention may be nadiesdxed aurfaget mphd containimg thanreq;mdlgmmivdiés s.
The foil that g4s |angj Qﬁl%‘%d drfy t&ﬁﬁ hiriy r@@ﬁ& fdé\mce socketd A/ ';\gleé-y :

thin sheet of essential uni form hi ckness as characteri zed By
ANSI / | PC- MF- 150F,- e’fﬁﬁus necessanyp gy 4%56@ For example, the stamped

PCT/ US96/ 09672 foil may be superimposed on 2&esin film3: fhe: &Q&ﬂ{ﬁd on' .
Cct ober 4, 1991, entltled éel\éh Al Foil for Printed erng _

Appl i cations, " publiSt ByP thP IS (RASSSror THR RReSd® ivRphrP
Packagi ng El ec- lightdni ard rgemtily, £6388 Mhel deboksed\VRatsL ﬂbﬂDOiﬁMS)Od

(2. saxabyor v TSAEPTRY DEIR BukRASOARRISTe R Uy, i nd

percent for depositefo¥ming andegmgesident One 6pr bathugplatend smaguibeabl e

forms of the foil arfefled to efftrcligahtedPOF! hésl Hel¥tlean ~haaIEseThe
state) of the resin film, thereby fixing the metal
foil in the resin film. Neither plateh need be heated

15 so that debossment takes place under ambient condi-
tions. In both cases, the debossed composite can be
removed from the platen press and put in an oven to
cure or post cure the resin and fix the debossed metal
foil in the cured resin.

20 : The semi-continuous process involves the pre-
debossment of the metal foil followed by lamination to
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

25 can be accommodated with take up rolls, then cut into

pieces.  Gelation, near gelation or curing through

heated platens of in an oven, as described above,

takes place next. If- desired, the debossed composite

is removed from the press and subjected, as required,
30 to oven treatment to cure or post cure the resin.

The continuous process involves the same prelamina-
tion step of thé semi-continuous process. However,.
rather than batch cut the laminate, the laminate is
fed continuously to a heated oven at a sufficiently



10 may be nade of a variety of conductive netals and metal all oys,

such as alum num copper, chrom um gol d, silver, magnesium nickel,
brass, zinc, and the like. Preferred foil netals are al um num
copper and ni ckel . Copper grade foils are characterized by 15
ANSI / | PC- MF- 15 .2.4.1 and such are included §hi ce
of the inventi gﬁ.og%lem%oi | sheet may bé a separ at el y for meg%‘ﬁee
that is adhesively bonded to the thin9esin filmor the foil my be
formed as a sheet bonded to the thin resin filmby a netal deposi-

20 tion techni Q?ﬁg{,r F{ gﬁt @Iemggfé’éd:lté % Q,aa'?.tslée +Rbf %Sﬁlﬁgs:.t? s tHE-

el ectroless and
sputtering, vacuum a@p@§tﬁngnream 'G%en#aflkegel, gel or cupe, nekerelwifixcan

be précisionally delegsqthedibbossment! B8 gﬁéoé§ﬂ§o§ﬁé C ath & en dtl 13l Gdnf™
contact with the 25 dielectric resin film In the preferred

enbodi, nent , Posiks &idmysagy I{%ef?q)lql%?ﬁéty |t's° c%n?%%‘ijéﬂ"%st [Pven
surface of thesdiel gflfreC thesivedin Ms clid tdre ﬁcﬁdﬂ cured, and RhRHSatheM th

I , b f f f
the Feain fiim  Thitlencan HeC aH 5a jiegieBe, ROk APRGESRLCHOT IS Chat ©
characteristics. definkbat pni:htedrrbmsi ng transm ts the debossed
andferr]or em 1RO3380eBR! LE! ng "bF U RHBEHEEES T Cldhd 1] e

Sur - prisingly, I S not
pressure inposed oningdufed| a prEfdelh@smntemevom WhJ-Ch the suFage 509

PCT/ US96/ 09672, metal foil that is to cditact the tREImESetdidYYes

ri dges and sockets swtab maki n a PB, then that pattern Is

permanent |y fixed wreSiR fllm' t P osheEmagetiing g regdngi &1 Wex r ihas
t hernmosetting prigged onl Mt a Tﬂa@@@O&g&nt Eodgehg atRAOI reFicRitescan

5 replicate a prl B edpx(':lnrtced tc 1@&1}1 pattern which is to be debossed

into the foil-resin composite. The printing avoids

15 coating those sections of the pattern that will con-

stitute debossed/embossed portions of the pattern.
The remainder of the pattern contains the coated re-
lease agent. The printing may be effected by a re-
lease agent deposition step effected by transferring
20 release agent from .
1. transfer sheets, typically thermoplastic £ilm or
release paper, to the metal foil film, or
2. through screens such as by silk screens, to the
metal foil film, or
25 3. rotogravure rolls, to the metal foil film.
The transfer sheets can be formed by rotogravuring the
release agent to the transfer sheet. The silk screen-
ing process can be effected using flat or rotary
screens, as desired. Coating of the resin film sur-
30 fa.ce with a release agent coating is used whén the
metal deposition on the film is by electroless or
electrolytic plating.
The thermosetting resin film used in forming the
laminate of the invention has the following qualities:



‘In order to achieve such results, the dielectric resin film
conponent of the conposition should have an uni npeded thi ck :
:is at |l east equal to that of the foil .penetrating the resin film . -4
and eventual ly 10 bonded to it. - Preferably, the dielectric resin film- "
has-an uni npeded thickness that is at |east the thick- ness of the '
foil and as t hWOR6MWIH50 times the thick- ness of t hhePEHPFIEN672
Preferably, the filmhas an unim pe@8d thickness that is at- | east
about 1.2 tinmes 15 thicker to 25 times thicker than the thickness of the.
foil. - Most preferably, the filmhas an uni npeded t hi ckness that
is at |east about 2}t atddt STEPEi R¥s Pr°°essestrr%“6’?e?st REATPHRY (AT IGMss of .
the foil, Typi cal | ypression ntdlalhbyckms&a)fhkbe thin | am nated conposite .
conpris- 20 ingthef0|l and the_uni resi fllmlsfro .
about one (1) nil (V. BR2sXSEM 5 BBLT é?‘&f%ﬁdr mea’f?fitg]afzﬁﬂe mls- 4
(0.635 cm. res.‘m tden thepusald sasz,didiearriepedbdtrasen film -
t hi ckness is at Ie qual _t e 0 . net al
foil into thegr esin ? 18 nq-Ul'Kniqx ﬂgm htk?Jt ? éé@&jfe%&lg a‘gr)fIluénocr}S“re
ungel l ed or un- near-g&hi—e@ess in rmsbenrm mvtldengongls'egmtlheabnsham-the

i npressed net al gkpablﬂw LE8444 Céﬁéjrﬁreﬁwrdﬁetfé)nfimou&

filament fiber a5|51a'oun In_a i cal _prepreg ric as is found’
in typical resin inpr é@ﬁatfé't}qké‘lﬁs?c should be aBPf@l‘ﬁ*%“’br &§) acqamierthke is -
found in a typi cal |mshape i ?@éﬂw Q;qhepaagﬁl rp};dd&sl .l ke. However ,

cut fiber Uﬁ %s stapl e fiber having a |l ength | ess -
than about 1195 incAbdhenskeqi §aPR |btey ’P‘B d"'qnﬁ’re sion 581509

PCT/ US96/ 09672 _ molding without the need 2 constraidied | fhewandt
therefore, such is nqkCQARLLUSE £ MBsin £ilm;

e) the film possesseé low flow over a broad temperature

range so that it does not flow uncontrollably while
15 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
mold, or over a protuberance in the case of a male
mold, will be caused to flow because of pressure im-
20 posed on the film; and
f) the £ilm gels or achieves properties similar to a

state of gelation (“near-gel” state), over condi-

tions leading to cure, that satisfy commercial con-

ditions. '
25 The resin formulation may contain a number of addi-
tives that aid in the performance of the rxesin in
forming a dieiectric substrate onto which metal foil
is deposited. One such additive is a low profile ad-
ditive. Low profile additives are thermoplastic poly-
30 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 expénd the surface of the resin so that at
the time the foil-resin laminate is undergoing ad-




péde debossment of the resin film The cured conductive film
conposite can be used to create a PB or a tool for making PB. As
such, it is 5 appropriate to termthe conposite as a precursor to
making a PB. In addition, the cured conductive film can be treated
to renove netal L) om surface por- tions of the fil re not
to be part of t‘Hé%’ﬂ?&J trical circuit of the PB. Conse?ﬁiWﬁhe

| am nat ed 10 foil precursor can be used t&forma major part or all

of the circuitry of the PB. One advantage of this in- vention is that
PB's made this way can b d e . C and. us I n rJu_n

t hree di nensi onal Pﬁ‘ang“‘x‘%@[}El ‘e'%ﬁ%?‘g f%sél%lcéc%% lé%?é gloonvﬁ C cl’%%se b%{(%é:élﬁ'etghe
stacked 15 mol dedahaesnahes reggnbdilmr doglslighsdy( PXpndxupndiongbout

t hrough one or nore,l gyer feat-061 61 ABK ENALPL LY 109 - .nect |

pl astic tape circui ?sggét %er%rfet Ee ?aygrs of " ?ﬂ'e g?gcls.}u%hfésé%%r?sbe
ef fected w thout sobbabf thge debossed(poréienei 85 thecdrribded boardsmpadr to

PTH probl ens ish 20" erhh@ i i ShodH, DRAIASyn hRdeRvoils B deskditiAny, My
i ncl ude sockets (or cavities) or plateaus for chjp conponents and

trenches, furrows, GP¥8¥ds ofhshtdnkage. This jggparpquladdn madwntas s
that are allocated §ebusi rff the meidilt rfoil nikhiformeamby ha sdéwdeatiRB S
will exhibit 25 t he maxi nunkconpagtfngss and hengoe aIJeov¥ff(31r'}ﬁ qQpt i TJm

m niaturization.  Process $REh BR,SLLCTEOLERP nAPRPT (T HF WGP Lat-
accordi ng toihbe invention is useful as a fenale or male tool

for making aygB by StaRRLNGARS! Nelediia10lHohBbhld{vel0 chefiodddd1oy
metal foil) having the same or "'simlar conr posi t'i on.

The invention al so &eaiangidmeshahe ifetidberefl ek the foil ijspgwhen made

foil-laninated thi ”iEHEPSH&eﬁ‘tt Ber @%e%\%%ge/?fédg md1RBblel HAHGAR! @dyRe I N

Si tu-expandabl e t hernoplastic ) . ] ]
PCT/ US96/ 09672 flow constraints, and contains, as its major ingredi-
ents, _
15 . (i) a thermosetting resin that advances in molecu-

lar weight without forming a significant wvolatile by-
product and

{(ii) a flow control component.

The resin film possesses —

20 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 for a given
area; ,

b) with minimum and maximum thicknesses not exceeding the

25 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;
d) the ability to cure, gel, or near-gel, at tempera-
30 tures from about 20°C. to about 250°C., in less than

-about 7 days and more than 1 second;



23 particles that contains an essentially uniformdensity and
t hi ckness across the breadth of the film In this enbodi nent ,
pressure built up in the interior of the filmduring curing causes
the filmto expand. The in- 5 vention contenplates placing such a
foil-1am nated #é’;i | m made according to_the procedure of the inven-
tion, and heat "RF¥®ti1mat a tenperature that caus e PCIRIS6/09672

si t u- expandabl e t hernopl astic particles 28 to expand fromthe foil. In
such an enbodi ment, it is 10 desirable to have the resin filmsurface
out of con- act, wi t he foil, free to expand, I n such an em . '
bodi ment, the exp&ist orPY ﬁﬁéf&ﬁl(}m&%traﬂted'no egghermoset (pfatepe surface -
of the filmcan expafittet dasdmatent epmposite wEt Bhet faitomhedtN@ngurdmace. 15
The invention al ates . | apinatin t he . _y.af oredescri bed
metal foil-t herrmstzl;é t@%gg%ggﬁé Izge%lrr\la?gl Ly hac‘]'teo S gthey tame

conpri sing a ther Awface arpaly- nmer film a fabric and/or a

conposite ofga fabri gpand AehbSa iRt er, | ¢ pol yner

i npr egnat ed ?ab- 20 o r%i cf.urt%ﬁg gupportl n ﬁ%‘% ilgggbgiée’#ab%e %rgﬁdje'd to.

t he t her nosé@litng PESPRtLALLY @onchradnghivet ccheBmoedietying resin
effected by relyi ngien enpd od@hasi ¥Re GBS tdSie 1 tRnt, a d'wﬁiémigé&r#eng
resin layer. 1In ma{m sych | am nat es, “the previ ousf"y shap t al
foi | debosses the ® r13538, SUehi3%7y resin layer of the |aminate or |

t hrough the t heinnoset ot mprewleckayrici gifdd F.13eRRerti ng | ayer,

in which ca the netal, foLl_is bonded to t.he support - i ng | ayer, :
typically. b?isvi rtue oj?i)t euée e%plq' es(l(}ﬁaﬁe-un thg‘?i &8 SPlukle: 9F RRETt | ng -
resin layer of the |ani hdekly3¥oluble ifihthenveetmasettfingelkesshng thin netal
foil followed . : 4 \USLAQ ot b d. . kol t form forl -

t hernosetting resin Ib%ln%)nathg V%Iéa:%ofn%g ?@r?ngfé%%ﬁ- that pf%‘fi%se tﬁb -
debossed pattern of theCrete, lastigmegarptiangs (second phaaedhtdn, the

sem - continuous or cont tRUSHSsPELLRP STesin matrix;
15 . iv)a thixotrope; and

v) a mixture of two or more of i), ii), iii) and
iv). | |
Brief Description Of The Drawings
Figure 1A schematically illustrates a side view; in
20 a partially depicted exploded relationship, of a batch

process for press stamping the foil over a resilient
supporting layer.

Figure 1B shows the side view of a debossed metal
foil.

25 Figure 1C shows the exploded side view of a de-
bossed metal foil superimposed over a thermosetting
resin film supported on a resilient layer.

Figure 1D shows the side view of a PB precursor
containing a debossed metal foil-thermosetting resin

30 laminate. The laminate rests on a resilieﬁt support-
ing layer. ’

Figure 1lE is a side view of a PB containing the de-
bossed laminate of Figure 1D, in which surface foil is
stripped away from the non-circuit area of the PB.
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24 In a batch process, the-foil is debossed with a stanp or
ot her device, and then placed in contact with the resin film The
stanp can contain the tool with the . desired surface nold containing
the required gr@g%vRaisey " ridges and chip and ot her device S‘i?fﬂfs / or
pl a- t eaus necessary for a PB. For géanple, t he stanpe oi |
may be superinposed on a resin film the coffbi na- tion placed in a
pl aten press. The press is used to lightly and gently force the
debossed netal foil Ifighd 2 id e dchithidels! B4DSRRY JPROGINA0 bheehEs N
filmand formng ™ a conposite. One or both platens ma e

heated to effect gePREIRHIPWY BEAFGUCGEdPRt 08 then&gpipefilm of t§?aﬂéyeéf t he
resin film therebyidaxi ng the metal foil inthe resin film Neither
pl aten need be heated 15 o, t hat debossnent, takes place under anbient
condi - tions. THYR ?c’a%e%,s%ﬁ!“atéﬁoé'égﬁ Egmﬁ‘oﬁrﬂgrcéﬁtbéysmm
renoved fromst he pE6d emekimesPBArd put in an oven to cure or post
cure the resin and fix the_debqss metal .. il _in the cured resin.
20 The seni-continu eRa ok Ingention .
debossnent of the netrhe f prbcéss| ofecchsy imventdicnoncieates thet HAiEESLN
filmin a continuo degt S I . . of, t he ur ed
conposite. The unc%\?ae cg(;ffrpgg%@fé&r& the ng%trblecat}nsécgo%ul%gd,mora t#ge]be a
cont i nuous for nat i vechandesds pressingbechionntivatatasithein ebglssesporokhs,
then cut ingg bos£CEle c1EELRE] BRen BRAIOHE! APy £3NY n%?tﬁﬁgugh

heated platens or 1n an oven, as described above, . 5 place next.
| f desired, the deP¥2%38F cHdst thin filmaf (Eharpasetitdnot Kesppesdhand

subjected, as requsied, BOmastép €YD RdLAHEHircRAiCUPALEErRO8H §HI 8st he
resin. The, copti nupus progg'gé | n\(/BI ves the sane prel am na-
tion step of the sE¥S%Hnti tiBER pr qesed)o\WRFer , depressed, 51 GEPVERan

batch cut the |am (démosddty .| aAri maseer stool has the coptuitiopatyei® én
heat ed Ovenlgt a SiQflég eggkged lines (embossed) or depressed groves

{(debossed). The master tool is made by a conventional

photo imaged chemical etch process. A metal tool plate
is covered with a photoresist. U.V. light is shined
through a negative image of the embossed circuit
20 paths, onto the photoresist, hardening the areas that
will remain after etching. The piece is then treated
to remove the unhardened areas of photoresist of the
photoresist. When passed through an acid bath (e.g.,
ferric chloride solution), the exposed metal of the
25 tool plate is etched away. The hardened areas of pho-
toresist o©f the photoresist are stripped off leaving
a relief image of the embossed pattern to be stamped
into the foil.
. Illustrative of the method of the invention: _
30 1. The raised line {embossed) tool is pressed into cop-
per (or other metal) foil to impress the electrical
circuit in the debossed foil. Then the foil, sepa-
rated from the tool, is placed adjacent the adhe-
sive. They can be pressed together in seconds and
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25 hi gh enough tenperature to cause the conposite's ther-
.nmosetting resin to near-gel, gel or cure, thereby fix- i ng the - B
debossnent in the conposite. The héated com posite filmcan be fed
directly to a L us oven 5 where the resin is cured ur-ed,
and then the md‘i%gm can be cut to isolate each debossed 38’5%‘\%“’5
defines a printed board. In respect 3o any of these procedures,
there may be i ncluded a pre-debossnent step in which the surface of .--*7;

10 the metal foil t t r nogetoki resin film 3
or the thernosetting r‘g?ln flﬂ%c:%p&ﬁc oéél%tt'l% A tPtB Q:Qn be forme ggé’l‘ft

nf ed on a rel ease
coating that replicat ggecham.caﬂ.p,y ﬁhrﬁﬂéagmfloé-&l tEromt ttétlen neliseid ipontdone

debossed . Into thee figid 1raaahataorrp@ﬁét&bosswpeitﬂ&ﬁggoﬁve}i@aalﬁ-
coating those sections of the pattern that wl

debossed/ embossed por t PR cntads Fhet S}?Ftncal l?ﬁé Féﬁﬁq-‘i*ﬂﬁaf of the

pattern contai®s the CPRi€iméthod may lb@aﬁedﬁﬂ%a bﬁh@asﬂfﬂd&lﬂﬂa et it
effected by a re- | ease a ent de 03| ion step effected

transferring 20 rel 1588 %@te sfreFPaﬂgf §Fe§ﬁ’eje't sanq ViRt 1y
thernopl astic filmor ing the urrcwnsa.sie pfpehe ¢oppdie foilal ifel] €hé Bidy

2. through screens such.ag,hy k e t | foil
film or 25 3. rot gfrgggrggé%l Fﬁ,g{:'tggﬁﬁa&?r%ta atesiven "5t a e

transfer sheets can belﬁésﬁedgw-rothdg-leav@hengoth@.s debossellcase pgessed o
the transfer §beet Th%oaé{:ﬁe§cr‘ﬁ%ﬁ the adlhlgglgéocatl ncg}q? t d@jfg_ggedjfl I m B

using flat or rotary screens, desire e resin
sur- 30  face with acﬁﬁéasEhaﬁeﬁPecgaﬁn@"PE E@%drﬂh%fhs*t hegent camghe|
deposition on the fil mabyal¥delRCiEéEGF Beparate €h8SET @ektibnB! A NEhe

foil from the laminate.
The concept of molding a non-conducting thermoset- -
15 ting resin in order to form a PB requires a thermoset-
ting resin having the properties set forth above,.
Very few thermosetting resin formulations have the ca-.‘
pacity to form a thin £ilm possessing the following
collective properties:
20 a) the formulation shapes by processes such as stamp- -
ing, compression molding, shaping by impressing with
a foil sheet, and the like; . )
b) the resin formulation is nonconductive, which means
_ that the formulation can be used as a dielectric
25 substrate;

c) the formulation forms a thin film that is suffi-
ciently uniform in thickness in order to provide
consistent heat shaping capability across the
breadth of the film, and the thickness should be

30 sufficient to accept the shape imposed by the shap-
ing process;

d) the formulation can be molded by compression ox
stamp molding with a debossed foll without the need



The thernosetting resin filmused in formng the . lam nate of the

I nvention has the follow ng qualities: WO 96/ 41509

PCT/ US96/ 09672 ] 26 : a) it will shape
by processes such as stanping and com pressi on nol di ng, and the

l'i ke; b) wd6srd189i N i S nonconductive, which neans that tHerusesn

resin can be used as a dielectric substrate; 355 c) it is athin flfmthat
is sufficiently uniformin t hi ckness in order to provide

consi stent heat shap- ing capability across the breadth of the

film and thegdhi elongesashong dfhswsqaré . Eh@nteég%sac&:?ptthbher%sdirby

shape inposed by the sh |ng process;” 10 the resi'n can be nol
conpressi on or stanp nmol di ng mnthout t he need for constraining

flow at t h%)eﬁges:eéuxmgr efiil fpddBesses 1owe)f1tohe JvdrmDassars es
| ow fl ow over a broad terrpp rature gént(c;e.go that it dges not fl ow

uncontrol | ably while 1%°M i ert¥eng®u £06fs, °§n nFeRed
under 5 pressurerolibly hdhijer ihdasgdivg arm melﬁ.tﬁrmsedand when

over a groove or cavit he case_of f enal a
prot uberance in the ¢ ]éa%?é 3n3$§ pessuzs, ngﬁ%iy FPe gt&gﬁgegih[ag: 30w
because of pressure i nsuﬁéxlmposer@ysd engttbeveéi bm cantty in thé)casaa gflm

gel s or achi eves propest $& Ml od £ st -
("near-gel" state), ovéerfgﬁad?- (880d o) t°ll m 1§ad,%e‘%‘§rcur ﬁbﬁlﬂ'ger

satisfy comrercial com@nce in the gaseyrf 25male (emhossed) n Hagdmmedd.on

may contain almunber Otfu.ﬁﬂdbe caused ’E6V§§o¢:hﬁéc§ﬁ§e'Bftﬁﬁeé)ﬁifé)r%d)f
the resin in form #ngénlectrlc substrate onto which netal” foil
t

is deposited. One sucta 5 @nd | ow profile ad-
f) the resulting film gels or achieves properties simi-

lar to a state of gelation, over conditions leading
to cure, that satisfy commercial conditions.

15 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--
20 bossing procedure that imparts a printed circuit pat-
tern thereon. Thése thin isotropic thermosetting
resin films avoid the aforementioned CTE deficiencies
of an anisotropic fabric prepreg. This can be ef-
fected with minimal loss of debossment precision for
25 eventually generating a printed circuit board that is
devoid of CTE mismatch, or for forming a tool useful
in effecting the debossment procedure. The thin iso-
tropic thermosetting resin film/foil laminate has the
capacity of being precision molded as herein defined
30 at a relatively low teinperature, such as temperatures
. as low as room temperature (~23.5°C.), with superior

duplication of the pattern.

The invention also contemplates associating with

the foil layer, a thin isotropic film of a thermoset-



“ditive. Low profile additives are thernoplastic poly- 30
the capacity to cause the cured therno- set
.shrinkage at the foil resin inter-
additives can serve to

mers that have
resin to avaid

face. In fact, low profile .
slidghtly expand the surface of the resin so

t hat at the time the foil-resin | am nate is undergoing ad-
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27 vancenent toward resin cure, thes? ow profile additive
causes the resin filmto slightly expand up to about 2- 3%

preferably up.to about 1-2% and this assures : that the debossed.
portions of the prifine BE8aLH t ontainsy i 554 tuReRPANdaRES oFRE TR -

devoid, or essentlaﬂaia/stlc partdeveisdthat edutatcgean esBurﬁ:m&lpaﬁﬁiﬁmrl.y - H
advant a- fail

f_.th | f d i 14 .
process such as el e‘gés?%’rtétésa? GEEt}laiirdﬁ\eggt Flc‘f??ts ?L%Fa%egdggpg%: %libgnﬁblm'

The thin, essentialhythbscembodimerd;, pdessapsebuidy uwp in thesintériert hat
S adhered togt he fgfl

d h il
o oo ook che f4BEN MRYRe curing! BAEOERIEAL 84 1A g ELBhnd O

trans con

maj or .
i ngredi - ent §he lsnvention (Q%t&mﬁétﬁ%sb%w#@ raugn & Hddmadnanens in
nol ecu-

lar wabghtes ht @%eﬁdyéfnﬁg s%aﬁnbg @Jdt%@ﬁ&nﬁ()laatféﬁll&&tive
product and )

a, flow contral he resin

fil m possesses - ZOPr”(‘téﬁl SR e &%%F@a?“@h*‘%%ﬁ&% theh i ﬁtoﬁl isBOt 1

toI | ated fabout h2§QrE\:lﬁ§e(]§B}ﬁtﬂ &115&%64?561 e abiti-dkpaddaslk dhermo-
cal cul ated fromthe t of resin film for
b) with nini andp\égffg‘flrﬁnﬁaﬁ #18§s§‘§ ﬁ@aggcggﬁf’n&h@he‘iebwsmg stamp

surface to generate a debossed pattern in the expanded
film.

The term “isotropic” means, in the context of this
invention, a material possessing essentially the ‘same
electrical 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

15.

prepregs are anisotropic. They exhibit several times
differences in properties between the x, y and z di-

20 rections. In the case of this invention, the films do

not exhibit differences in electrical and physical e
properties by more than 20% in any direction.

There are many commercial thermosetting resin sys-
tems that can be used to produce a thin pliable adhe-

25 sive thermosetting resin film. For example, certain

of such films are employed in Synspand® and Syncore®,
expanded or expandable films that are sold by The Dex-
ter Corporation. However, another special subset of
such a resin system is a thin thermosetting resin film
30 that is amenable to being subjected to a debossing
procedure that imprints a printed circuit pattern
. thereon. Such a resin film should be capable of ef-
fecting debossment precision when debossed by a de-
bossed metal foil film, sufficient to eventually gen-



25 devi ation factor set forth in Table A.

Table A Range in mls Devi ati on Factor

I'tob ferr] 1 ml| (0.00254 cm ' 5 to 10

2 mls ([err]0.00508 cm - 10 to 250 20%
c) low fl ow at wolsggmde t enper ature range; d) the abili pyriRedisR,
gel, or near-gel, at tenpera- 30 tures féaom about 200C. to about
250[err]C., in less than about 7 days and nore than 1 second;
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28 - e) a low dihRCtd ifs CONSESRT £bBniky 4 hesSPSREeBIA n effecting
The | am nated conposite of the foil sheet and_the t her nosetti ng

resin film have esddiftidghopsperat pxpgedure leadimg 4o, the BB. The thip

further enbodi ment oftHdimosetenngomresthe siind-should hallee, tirsseipddilty of
nonconducti ve thernoset.ting resin filmenploys as_the flow control
agent .a di verse group’®h9 gp%?c"rﬁftoé‘ri%?%?sss hngsg" séamped,l )wi)ﬁé 8r ‘gﬁ)'re
electronic grade fil [yssedlOmetal foila athernopslasivelyesiov t hampesasutebl e
or par- : tél.?(!h' y|a§0| ‘églmﬁe%.gtﬁpgst hgd MosRHt 249 163k temperature
1ii) an elastoner-type polymer that provide dis- crere

el ast omer phases (seb@®@3d5f@abesyithn superior duplicatibmr wdsedtite ngrimsed

matrix; 15 i v)a_thixetrone: .and. \) Lxture. of two or_ nore
of 1), i1y, iii) angirodit pittesiin the foi¥ Surtdcq ?E?LDé'ss’crgf)?r?%n
Of The Drawi ngs ferredritypurehe Aresimnfiilmaboyded | tat theefodlsi deltyiimy,
In 10 particularly desirable that the resultant thin metal

. foil thermosetting resin film 1laminate exhibit a
grooved printed circuit pattern thereon with minimal
loss of debossment precision of the grooved pattern.
The thin metal foil thermosetting resin f£ilm laminate
15 should be capable of retaining the debossed pattern of
the debossed foil and the grooving through a cure cy-
cle without flow out within the pattern, to produce a
thermoset (i.e., cured) resin film laminated to the
foil, that is employable for making a printed board.
20 In this embodiment, stamping is conducted in the metal
foil surface. The thin metal foil thermosetting resin
film laminate may be subsequently compression molded
to refine or alter the debossed pattern introduced by
pressing a debossed foil and a thin resin film, by us-
25 ing match metal mold dies and while subsequently de-
bossing the foil side of the laminate with the male
die, the resin side of the mold can be embossed by the

other die. .
On the other hand, the thin thermosetting resin
30 film may be subjected to flow into the grooves and
cavities of a female debossed metal foil, as defined
above, to form a male replication of the female foil,
or shaped and stamped by debossment with a male foil
sheet, subjecting the resin to temperatures suffi-



20 a partially depicted exploded rel ati onship, of a batch

process
for press stanping the foil over a resilient supporting | ay

Figure 1B shows the side view of a debossed netal foil. 25
Figure i C shows the expl oded side view of a de- bossed netal foi

superi nposed QygbgdishdI€r Nosetti ng resin film supportepcgg L 4
resi-lient |ayer. Figure I D shows the side view of a precursor
contai ning a debossed net al f0|I-thernDsettFﬁg resin 30 | am nate. The -
laminate rests on a resilient support- ing | ayer. Figure
|E is a side view Qfjea R ﬁabﬂ thg dee S | a _
Figure i D, in which surfg bH@h st rll"?)pg%sgpwa?ee%d rq}ﬂZ& e"'l%

non-circuit area oftitme F“!i"‘-’:’lpl‘int gellatvengevmseee) while in contact
PCT/ US96/ 09672

with the foil, thereby fixind® a surface theYeb® %d S a
schematic side view of %lne for th cont’i nuous production of t

resin filmof the ﬁﬁ;&-}-ca e |“E?H'e or female; image 30fsthesdampde c,°rv| ew

of a prior ar$ systmdlle Fsurfafcer 88kthg &8s .may be. In this RRARéEELGthe
Description O The inventlon

f t t --'S'-
the initial TR ey It R afoRYetttRee) R on RALE s
mechani cal pressi ngeracfenalée havoki fher makiiogses BB hyn déBoss:.rh;)S;ﬂethéhe )
circuit path on foifoANthlNGdiylleshd hfving the PEGRe Sk Itk 8 ! HbpLLL M Of

t hernosetting resin has e circul %ttern_ﬁ

onit as rai skton ox fhe fl@@nﬁ@%s@ﬁ)useQnas ad@Br%Ehﬁﬁratq;roves
(debossed) ..

: Aomaster topl LBsmddie Sf rewd tePRAEYANIG nbhcondbbti®s thaksed
l i nes (enbossed) or depressed roves

mosetting resin Tilm 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
significant volatile Dbyproduct that will affect the

15 guality of the cured £film. It contains one or more

flow control components that allows the £ilm to be

molded without flow constraints, provides low flow of.

the film over a broad temperature range and retains a’
debossed image during debossment up to " and through
20 cure of the film. The film advances, under conditions
leading to cure of the thermosetting resin,
of gelation (see 650 Methods 2, 3,

to a state
18) or a condition
that gives physical properties similar to the state of
gelation (i.e., incipient gelation) at temperatures as

25 low as about 20°C. to about 250°C., in less than about

7 days and more than 1 second. Such setting condi-

tions allow the debossed film to be handled, either by
hand or mechanically, whereby the debossed £ilm can be
fully cured or. subjected to gelation. Last but not
30 least, the film exhibits a low dielectric constant
(i.e., possesses the ability to resist the formation

of an electric field within it) consistent with the
requirements of a PB.




(debossed). The nmaster tool is nmade by a conventi onal phot o i maged
chem cal etch process. A netal tool plate Is covered with a
photoresist. U V. light is shined . t hrough a negative i mage of the
enbossed circuit 20 pat hs, onto the photoresist, hardening the areas

t hat W | lwhogmispe af ter etching. The piece is then treat egrusosnesiz0
renove the unhardened areas of photoresist of,.the phot oresi st. \Wen
passed t hrough an acid bath (e.g., ferric chloride solution), the
exposed netal of the 25 tool plate is etched away. The hardened areas

of pho- t or esi st 1nOfanbR@ePh@ndboasheht 268 Thel ARREneibn) €d¥eNGo1d- 2
relief rmage of the epbossed gat,te]irn to be s @(gtped into the foil,.

II'lustrative of the3REBnod®BFRTHALIR RPPERR ive thegmopefting | inesin
(enbossed) tool is gaemsers i iebaloplatable andpeddHedesot ber aneddridudidivie t 0
I npress the electrica L rcuit, in_the debassed,foil._.Then th
foil, .sepa- : me%ﬁﬂ'eﬁ”"ﬁ“bm fﬂep?f)toﬁ‘fuqiag'pltg(?egl jéﬁe’ﬂ?t?%(;]mie
sive. They carb be predsadhéesieélhyerbondaddeotdsmandl foil thatie£i6/belAEed
PCT/ US96/ 09672 . . . c i

| at er operation. AlBBtggn (Iauflgr r?gdabﬁtampmg g‘%r%% ean?%aﬁry %i{?%g&?‘ﬁg%f oi |
fromthe rai sed portppfductive pathwayheon atthfatdebopiseddetnd scuredr tiemin of

the | am - g4g contain the electrical line tracings. 5 2. That
met hod may be nodified by nmaski r_lg the circuit line pattern on a

silk screen or stendPf THeRHORRTLing Resin ing the underside of the copper
foil, i.e., tie side The typbéalhetharnoseltatingonrasis tihe asthedi-stagsi th
are- | ease_agent. /Aft t il.Ls S n ressed. ..,L0 '
together with the a&ﬁ?gPVe, Ig\ln&%g'ﬁer&gé"%gésftemg§ggé SgSfr&]geu&e‘)d,uqt%élﬁet he

foil over the rel easeBagdagecaeshs 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-
15 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 resins for making
20 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
25 resins are the epoxy resins, and a wide variety are
suitable for use in the practice of this invention.

Illustrative of such epoxy resins are the following:



“abraded to easily separate those sections of the foil fromthe

| am nat e. The concept of nolding a non-conducting thernoset-_15

ting resin in order to forma PB requires a thernoset- ting resin
having the properties set forth abdve. Very few thernosetting resin *:
formul.ati.ons have the ca- pacity to forma thin fil mpossessing the .
fol | owi ng %Ogéé}ﬁ%%ct ive properties: 20 a) the fornul %ﬂ@ﬁ"é"ﬂ@ges by .,
processes such as stanp- i ng, conp¥essi on nol di ng, shapi ng by -
i npressing with a foil sheet, and the like; b) the resin -
formul ation i s nonconductive Lch nmeans that the fornulation

c“‘ &
forms a thin filmth# i ‘
order to provide
t he - breadth
sufficient to accept
d) the fornul ation
with a debossed foi ot
PCT/ US96/ 09672 o
constraining flow at théywes
resulting filmpossesses? ¥y
so that it-does not fl oWt 5 1701 | ably while undergoing cure
a

a s
condi ti ons,  and when ced undgg _pressyre, only thegportions that -
'&Egasadﬁrﬁﬁv(jy\bggkne of a.
e prot uber - :

I
are superim%%mﬁ%@Mgﬂi
femal e (debossed) foil" nold, ora%

formulation-.
lrt hi ckness in. .-
bN#ty across: -
o 30 RS
I Nng process;. -
5 np nol di ng

A b f .

era range

oo M

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:

R, X Rs
NCO;I:;:]’ \T:;:]:;ocn
R R,

wherein X is a bisphenol linkage and Rj,2,3 ana 4 @re xring
substituents such as hydrogen, alkyl, aryl, and the
10 like. Illustrative compounds are:



»

ance in the case of a nmale (enbossed) foil nold, 10 wi |l be caused to

fl ow because of pressure inposed on the film and f) the
resulting filmgels or achieves properties sim - lar to a state of
gel ation, over conditions |eading to cure, that satisfy comrerci al
condi tions. 15woogldisesaver age thickness is preferably from abgefmdesidsrz
about 250 mls (about 0.00254 cmto about 0.??5 cm. The i nvention
relates also to the use of a thin i sot'f opi ¢ thernosetting resin film
with the netal foil | ayer that is anmenable to being subjected to the
de- 20 bossi ng procedure that Iprparts a printed circuit pat- tern
t her eon. These thin |sotro nosettin resin filns avoid
the aforenentioned CTE defi es v Ofn [ |c fabric

prepr eg. This can be ef- fect eacvvlth m niggale | oss of debossnent
precision for 25 event ual | g a printedegecuit board that is
devoid of CTE m smatch, or for f atool us In effecting

t he debossnent procedure TheotR'n | Sp="ocn NCO oosetting resin
filmfoil lamnate has the capcr ty of being precision nolded as

herei n defined 30 at arelati ow tenperature, such as tenperatures
as low as roomtenperature (-23 er )y Wich Y duplication
of the pattern. Th¥E Avent i Uh ®Wso col OCiating with

}32% [Jg9|6/ Bgﬁ% a tﬂhgthggtﬁf@f&zfe!d Te%flnaltshSEgD§ﬁ£t is t?tallyv%%/nditleﬁgtg

contains in situ-expatdabl prodiectioef one or phoxs i ef phe |hisesanyiatcmratta| ns
an essentially unifgem,, density and thickness across the breadth of

the film In thi's embodi ment, pressure built up in the interior
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, among others,

10 amines hardeners, phenols, acid anhydrides, polyamides
and lLewis acids and bases. Desirably, the epoxy res-
ins of the invention are combined with hardeners that
cure the resin to a thermoset condition. The pre-
ferred hardeners are amine compounds, ranging from di-

15 cyandiamide, to ureas, to aliphatic and aromatic

' amines. Preferred are the aromatic amines encompassed

=)

wherein Q is one or more of a divalent group such as -
20 S0,-, =~O-, -RsRsC-, -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, =
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5 of the filmduring curing causes the filmto expand. The

invention contenplates placing such a filmin con- tact with a— -
-.debossi.ng stanp containing a replicative printed circuit pattern and.
heating the filmat a tem- pérature that causes the in ' '

Si t u- expandabl rnpp- 10 | astic particles to expand in e

debossi Ir[:g.starﬁogaﬁsgg)surface ltoo genergte a debossed Batternwggﬁ@gsn _ :
expanded film - The term "isot3opi c" neans, in the context of .
this i nvention, a material possessing essentially the sane 15. o

el ectrical and physical properties in_a | directiqns, . e.q.,, X. Y andf%
z) through it.  TH®Y #’? toooﬁetldoﬁ- iy be %'g PAs e&“%\Mthl f’ggf‘ig is 1,7 4
reinforced prepregnd z may Becl or a pesEpirwgsimregeani Spipicpildy oty
exhibit several ti ater tﬁagiggg&@rsc'es_ in properties between the x, y and
z di- 20 . rections. In the case of this invention, the filnms do

not exhi bit differenc@®nothes Rrefesrpdardaphysifcdiardeners propdhe exlipy .

nore than 20%in aphfliice@hlif8s such as thelhere are many commerci al
t hernosetting resin that can be used to produce a thin

. sys . tems .
pliabl e adhe- 25 alkylppepmdprgsettivRFTaddivie Of Apitakly adranple, certain, .- |
of such filnms are eopldnsehingsSyrepetsl Foldowingereferr], expanded or-- i
expandabl e filns that are sol.d by The iy ter Corporation.
However, anot her sﬁ%%’fqﬁt%ﬁ‘é’ggfuéf' eth%e’%e&dﬁm&nfésﬁn%ystem is a thin
t hermosetti ng resi naminorth3)ethehalaninenatisthyleoebeiagimsybj ected to a
debossi ng gg”F. haf_ (b, opL i s Lpcul f. Ratfern
t her eon. Suclz‘fq a r%?‘% [ l%lés'hgtl(gngﬁeﬂﬁ%%%@l@d&?}egg-zgh&"ué}l&%é@tel ng
debossment preci si onebgieranigitos $&t rpgthy tenepentanineopentiaetdiydieniediek~f i | m

sufficient to eventyglly ofikmi thvlpi D5{ A5 : -
PCT/ USO6/ 09672 . inoethy p1¥£} ,3ggpera21noethylethyle

nediamine, 4-aminoethyltriethylenetetramine, tetraeth-
ylenepentamine, aminoethylpiperazinoethylethyl-

15 enediamine, piperazinoethyldiethylenetriamine, and the
like.

BRnother class of hardeners, which can also be used
as extender of the epoxy resin, are the higher molecu-
lar weight poly{oxyalkylene)polyamines such as those

20 of the following formulas:

cH, GH,

H;NCHCH,(OCH,CH\NH, where v is 240

CH,

CH, ¢,
: 4 ! where a+c is about 2
HNCHCH(OCH,CH),(OCH, CHAIOCHCHINK, 4 b Is 845,
CH,

SHAOCHLCHN,
c“’cu’T’l’(oc H‘?c::'m‘ where x, y and 2 range from 240

CH,{OCH,CH),NH,
cH,

?H: 'G-I, ?H’
HNCHCH,{OCH.CH), NHO CH,CH),NH, where m+d is about 82-86,

Preferred hardeners are diamines of the formula:



-

erate a PB or for forning'a tool useful in effecting t he debossnent

procedure leading to the PB. The thin thernosetting resin film
shoul d have the capacity of bej ng precision debossed, e.g., stanped,
with a de- 5 bossed netal foil at a relatively |ow tenperature,

such as tenper afvgogdises | ow as room tenperature (- 23. 5[ ociiussgossidi t h
superior duplication of the printed CIH&UII pattern in the foi
surface that is trans- ferred to the reSin filmbonded to the foi

It is 10 particularly desirable that the resultant thin netal f0|
t hernosetting resin filn1laninaiﬁ:fw2;£§L gooved printed circuit
pattern thereon with m ni nal I 5?%Ebhost’ Joreci sion of the
grooved pattern. The thin netal foil ther' resin film

| 'ani nate 15 shoul d be capabl e alnl“ " €y pattern of

t he debossed foil and the groov cIe Wi t hout
flow out within the pattern, to prod ce 3 : , cured)
resin filmlamnated to the I t hat 58, nploya naking a
printed board. 20 I n this enbodi ment J sisawpi £S C cted in the nmetal
foil surface. The thin nmetal foil ther ettlng rwﬁln filmlamnate
may be subsequently conpression nol de to efl walter the
debossed pattern introduced by ressi ng_RJlébossed foil and a thin
resin film by us- 25 ing match netal nold’'dies and while subsquently
de- bossi ng the TBE|l bAxgensr MAY | ke AaMOnRRMANEhSUSR| &S an

the resin side of t rﬁnbﬁlﬁéﬁhéﬁofﬂb%ﬁfd dkyhBeed vergi&% Ub€. them

On the other hand, the thin t

erposetting resin 3%@ | m may be subjected

to flowinto the gr O5hes drgirable hardedsrs aze % eﬁ&PEtH%B cdpghst At
foil, as defimed  dialkehamenesp fsfidh aa@nl Qimefhylaiin oaléhnyiﬂﬁ&le%

(0L ) eodt ng BB TSR EARE o PEPIRERL I, 0fa"BhE (8L, wsen
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

the following formulas and descriptions:
NH

NR, N N
LT W™

NR, R
NEKSEﬁi:r&Ijéwé,
R,

wherein Ry is a monovalent group; Ry 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-tolylene diisocyanate and 20% 2,6-tolylene diiso-
cyanate, polymeric isocyanate, p-
20 chlorophenylisocyanate, 3,4~dichlorophenyl- isocyanate
or phenylisocyanate.
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34 ciently high enough to set the resin (e.g., by gella-

tion, incipient gellation or cure) while in contact with the foil,
thereby fixing a surface thereof to replicate the male or fenale

| mage of the f . 5 mal e surface, as.the case may be.__In this
manner, .t he é%gnate of the invention is convertible |mﬂ<’f9ﬂ@ﬂ@

or fermale tool for maki ng a PB by debossing 4hot her foil or resin _
filmhaving the sarre or simlar corrp03| tion or the filmcan be used

as a PB substrate. I t ntially_n ongugt.ive ™
t her-- nosetti ng res?lnezP%I r%%l S ?%? B% S agiab?mL ¥ch‘é§e aqm"da'
t hi n uni form t hi cknggkes| taﬂéonﬁ’abﬁélwfﬁ\?ér msestl ngExamplesesintius 2-

advances to a curedegh j_.euqhég;ﬂgt iQa3bid @ and L 'iﬁ,?,@ glatil e_
byproduct that will ° ?ect he 15l qual |tyarc1)f th% %tgjlre]4 |ltnr¥|\i 5"It 1

contai ns one or m)rglme hyl ‘P{Eb"\/v control conponents that allows the filmto

be nol ged V\Ilthomheﬂdm&tﬁ&nsbfalﬂ{é hla&aéhé'ffs nidVolb@W £f suall the .
filmover a broad tenB Eture range %gld ains _a ebossea1 o
during debossment uff-PERAREHAS a@&?e°5f OR¢: AT} 1§ ITANP 1p|e|rmep-

advances, under condixlyi gesup in théeads:ng t OI£Utite Odpdxtirid gy D& ildask

resin, to a state f egy 650 l\/Ethods 3 18)
condi tion the%tde a\?gstgﬁyglg(%g npro er?l S5 MY a “E‘ﬁé’tr

gelation (i.e., i nC|tp4°emf geardenay o teenp@dat upe$da$y§5callyoweasamimtut
20C. to about1@500C2 5/ 1 §ssot gan abpu t

second. Such setti ng/condl -0 85! t}p E TJI ofgnﬁwa} ossn%&fl I ﬁ]gts Be
handl ed, either by weight W&‘ﬁé"o@ﬁnﬁﬂ%&’ | RSP tghdrazsieneire ofelsduadd 342 m-
can be fully tdiresbudy M) echigérd Cadip! 6# | e hai‘(i’éﬁeﬁ“tséﬂ)te .

| east, thefllmexhlbltsalowdlelectrlc const ant (i
possesses the abil i MARIGYr A5 sEXERBIPES nQfi Jrfe - ePoxideyr rgpiny e(FPPPc heel d
within it) consisterdmouirth éfiethe hardenegUiirenems stppidaPBcase will be

15 less than that generally employed for hardening the
epoxide. Mixtures of the above hardeners and with
other hardeners are within 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 af:plication
is the vinyl ester resin. This class of resin is based
on the reaction of unsaturated carboxylic acids and ep-

30 OXy resins or epoxy compoﬁnds. Illustrative reactants
in forming the vinyl esters are the following:

2
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35 I n anot her enbodi nent of the invention, the nold- abl e,
essentially nonconductive thernosetting resin filmis netal platable
and adheres to a conductive metal film In particular, the filmis
met al pl at abl e we og/4158'd adhesi vely bondable to netal foil tthsed
in the making of a stanping surface or for crﬁati ng a conducti ve

pat hway on the debossed and cured resin film The Thernosetting
Resin 10 The typical thernosetting resin is an A-stage

resin. In sone cases, iewymame: be desirable to utilize Unsatilaeiicnl A0€ resin
but in the typical case,{su is don e, | N conmbination ydJa an A-stage

resin. Such B- st age in wl { the viscosity of the resin
formul a- 15 tion .put\, y b lied on to éc‘pl eve
the | evel of thicken¥Fng for the m ffective dpera- Lion, of the

i nvent.i on. Epoxy systens cufing in nge from
150[ err]-400[err] F. ] cqmvlslr_fmt rix
JLoeuct seincl udi ng

resins for making 20

t he products of this i . of bi g=F™*
mal eimde (BM), phenolic, polyester, PMR- 15-Polys; i My tyanat e
ester resins and acety: i /\rgy al so be “used. The

resi ns, amemsge \j de
~0f this venti on.

d resi ps
most widely used matri Y ;Ys]i 5" e groky
variety are suift abl £ fpf use in the prigdijt
II'lustrative of such v :

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 vinyl ester resins may be used alone or in combi-
nation with monoethylé_nically unsaturated monomers, such
as styrene, o-methylstyrene, m~methylstyrene, P~

10 methylstyrene, ethylstyrene, o~vinyl-xylene, a-
chlorostyrene, o~-bromostyrene, vinylbenzylchloride, p-
tert.~butylstyrene, methyl methacrylate, ethyl acrylate,
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propyl acrylate, butyl .acrylate,

butyl methacrylate,
propyl methacrylate,

butyl methacrylate, lauryl acry-

la;e, 2 - ethyl hexyl acrylate, ethyl methacrylate, and
the like, '

oot

Ay o
e,

5 diethylene glycol dimethacrylate,
and the like.

l,4~divinylbenzene,
In the above, n is 0 or 1.

A number of vinyl ester resins require the use of

solvents such as methyl ethyl ketone, acetone, toluene,
and the like.

10 The vinyl esters may be cured by any free radical

mechanism, such as by photoinitiation and/or by use of
peroxidic compounds.

A photoinitiator may be included
in the formulation,

as an optional ingredient. Light- .
initiated curing of the vinyl ester alone or with other
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The epoxy resins may be nodif ied up to 95 weight 5 percent by including

in the resin formul ation bis-aryl cyanate esters, such as those of the
formul a: . wherein X is a bisphenol |inkage and Rlerr] are ring
substituents such as hydrogen, al kyl, aryl, and the 10 like.

| Il ustrative cogp ar e: WO 96/ 41509

PCT/ US96/ 09672 Fdifsto 37 FcI

Anot her preferred resin is one that is totallﬁ?i:he re- action product
of one or nore of the bis-aryl cyanate esters. 5 Cat al ysts and
Hardaners FAyRRLIN RS RabUSIAIP SAU1REE FHU0bseHE B AR So

to formsolid, infu product s. For this purp

:Lght—sens:Ltive compounds by ultgav:.olet or visible
light, which, in turn, initiates polymerization of the
resin materials. The photoinitiator may comprise a com—
5 bination of a photosensitive ketone and a tertiary
" amine. Typical photosensitive ketones include benzo-
phenone, acetophenone, thioxanthen-9%-one, 9-fluorenone,
ahthraquinone, 4’ -methoxyacetophenone, diethoxyacetophe~
none, biacetyl, 2, 3~pentadione, benzyl, 4,4'~
10 methoxybenzil, 4,4'-oxidibenzil, and 2,3-bornadione (dl
' camphroguinone). Typical tertiary amines include ethyl-
4-dimethyl amino benzoate, ethyl-2-dimethyl amino benzo-
ate, 4,4’ -bis (dimethylamino) benzophenone, N-
methyldiethanolamine, and dimethylaminobenzaldehyde.
15 Any of the known photosensitizing system that can func-
tion 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
20 . 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 hy-
droxytoluene can be used to scavenge small amounts of

25 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 cur-
ing agent known in the art. Illustrative of these are
benzoyl peroxide, dicumyl peroxide, methyl ethyl ketone
30 peroxide, ditertiary butyl peroxide, tertiary butyl hy-
droperoxide, tertiary butyl perbenzoate, Luperox 118
(sold by Wallace and Tiernan, Lucidol Division, 1740
Military Road, Buffalo, NY 14240), cumene hydroperoxide,
or other sui.table peroxides may initiate polymerization
35 of the polymerizable ethylenically unsaturated compo-



epoxy curing agents that are acidic, neutral or alka- l'ine nay be
used. Exanpl es include, anong others, 10 am nes hardene
.aci d anhydri des, polyam des and Lewi s acids and bases. DeS| rably, - 3
the epoxy res- ' ins of the invention are conbi ned mﬁth hardeners that ‘3
cure the resi ernoset condition. The pre- r eners -5
are am ne corrp%h%ﬂglswangi ng fromdi- 15 cyandi am de, Lcﬁﬂﬁ’é@ R
al i phatic and aromatic amines. Pref#red are the arorratlc am nes :
enconpassed by the formul a:

wherein Qis one or nore of
a dival ent group su¢

“NH, €0, - R 88 a%%“‘téhgéfewl‘ti"% For RREpA e ﬁéwéa%‘ﬁr'
|ndependently be cmeldﬁr meYe used h?@#‘?ityé”n thhnyﬁ-hxedme@h}ll-lv-o

about 4 carbon at Of@iuidine. ahkfeyéomm?ttooc%heuﬁeélm@@arlb@alegogﬁch s
fluorine, cy- cl oal kyl of 3 to about 8_carbon atons,

and the Iike, x
WO 96/ 41509 - metal naphthenates, e.g., copaif US@B?‘E‘%‘PZ"’ R and the .
38

nmag be Olike,l, wythayebeidryoramiresd isich \dwenddmethyl, anilinapd z
may be O or a positi 'Xl?ﬂ

y.pi great er than about 5.
Anot her preferred Uhts o%f%% leé%‘?s?%g'rgy?ﬁe ali- phati c am nes such-

as the al kyl enctipe r@@unltl ofscrhRlIyRL ofs sft}{Hl&BF-eY athat amount that
kyl eneam nes are tRgcipid{d@sNn®the cure within less than ten hours at a

temperature greater than 25°C. Generally, the catalyst

10 system will be less than about 10 weight percent of the

resin formulation. As a rule, the catalyst system will

range from about 0.1 to about 8 weight percent of the
resin formulation. '
Thickening

15 As noted above, thickening of the resin in forming
the film involves the combination in the resin formu-
lation of —

i) one or more electronic grade filler;
iiYa 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 thixotrope; and
25 v) a mixture of two or more of i), ii), 1iii)
iv)..

and

Illustrative of suitable electronic grade fillers
are aluminum oxides including alumina trihydrate,
coated aluminum nitrate, silicon carbide, diamond,

30 ground cured fiber reinforced thermoset resin, as well
as a variety of thermoplastic and thermosetting f£i-
bers. The thermoplastic polymer used in forming these
fibers may be made from condensation type polymers,
such as nylon-6,6; nylon-6; nylon-4,6; polyester from




nonoet hanol am ne, ethyl enedi am ne, N-(2- am noet hyl ) et hanol am ne,

di et hyl enetri am ne, 10 pi perazi ne, N (2-am noethyl)pi perazine,
triethyle- netetranm ne, tetraethylenepentam ne, pentaethylenehex-
am ne, di am noet hyl pi perazi ne, piperazi noethyl et hyl e- nedi am ne,

4- am noet hyl t r ipad bevds8@et et ram ne, tetraeth- yl enepent anpRRuses/672
am noet hyl pi perazi noet hyl et hyl - 15 enedi agg ne,

pi per azi noet hyl di et hyl enetri am ne, and the like. Anot her

cl ass of hardeners, which can al so be used as extender of the epoxy

resin, are the hi gfy%]fy@e Hléme terepheﬁamahtxma&fﬁw?maﬁﬂaéP%%ﬂnneS

such as those 20 the foll owi ng fornul as
Pref erred hardener scaxkonfitasd né%iai, t Rel¥ orlfuRabis (1.4-oxyphersyl)15pgo-

PCT/ US96/ 09672 pane carbonate)}; polyar%@ates (viz., poly (2,2-
bis(1l.4-oxyphenyl) propane terephthalate); polyimides;
5 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 polyethersulfones (see
U.sS. Pat';ents Nos. 4,008,203, 4,175,175 and 4,108,837),
such as Victrex'm 3; polyarylsulfones; polyaryla-
10  mideimides, such as Torlon™ *%; 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-
15 . lon~4,6; polyester from polyethylene terephthalate;
Kevlar™ polyaramide;'polycérbonates (viz., poly (2,2~
bis (1.4—okyphenyl) ‘propane carbonate)); polyarylates
(viz., poly (2,2-bis(1l.4-oxyphenyl) propane terephtha-
late); polyimides; polyetherimides, such as Ultem™;
20 " polysulfones (see U.S. Patents No. 4,175,175 and
' 4,108,837), éuch as Udel™ and Radel™ A-400; the poly-
ethersulfones {see U.S. Patents Nos. 4,008,203,
4,175,175 and 4,108,337), such as Victrex™; polyaryl-
sulfohes; polyarylamideimides, such as Torlon™; and

25 the like.
A particularly preferred class of thermoplastic
polymer for providing toughening and as a flow control

! Available from General Electric Company, Plastics Business

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



{err] The hardener may be a nonoam ne such as aniline,
par a- am nophenol, and al kyl ated versions of them O her desirable
hardeners are the reaction products of 5 di al kyl am nes, such as o
di ret hyl am ne, di et hyl am ne, ‘et hyl et hyl am ne, di-n-propyl am ne, and ;

the like, with variety of nono and diisocyanates to form nono and -
diureas. Any 31{0%%5\%

ol yi socyanates |isted bel ow may RCTPI6/0AG22 ed
for use as a hardener. Specific illus- 10 46 tration of useful hardeners

are those enconpassed by the follow ng fornulas and descriptions:
[err] ° wher ein I.S_a al ent Rx is al kyl, halo,

al koxy, . and the |ik8&" RF@Fr] r;ﬁD t;/:ﬂﬂnrﬂﬂ (?%&gngsEﬁFb’bylfPH@Héatﬁ@s are the
et hyl i dene, or a copalputetitarnies afl thei fofmdla: Preferred urea

hardeners are those that are the - actiqn products of dinethylamrné

Wi th m xtures of 80% 2, 4 to} yl ene diisocyarjate and 20% 2, 6-tol yl ene
diiso- cyanat e, meyic g sgcyan p- 20

chl or ophenyl i socyanat e, (éL? hi rophﬁtyl oc anatgL. Ry/gy'b (1)
' s
l

phenyl i socyanat e.

i I
H H H H

wherein a and b are each 1, 2 or 3, n is at least 1, X -

is a divalent organic radical containing at least two
carbon atoms in which the N’s are bonded to 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
10 polycaprolactone polyol, and

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
15 OH and N bonded to the R® group is bonded directly to

different aromatic carbon atoms. Synergistic -

and other
toughener polymers are useful in improving the
toughening properties of the thermosetting

20 formulatipns for making printed
composites.

combinations of the polymer of formula (I)

resin -
circuit board

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
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40 Accel erators may al so be used and incl ude i m da- zol es
and substituted wureas. Exanpl es, include 2- _

et hyl - 4-net hyl i m dazole and p- chl or ophenyl -1, 1- di met hyl urea.
5 The a”ﬂ%sz the hardener enployed is wusually
stoichionetric on-t %&%asi s of one am ne grouP per ep- o&Cy“"ésr’S’B’p?”l n
the resin. If the epoxide is a triepox- 4 de and the hardener is a

diam ne, then the nolar ra- tio of hardener to epoxide woul d _
typically be about 10 \ ypl faor [.O ve
a wei ght ratio of e‘gp%%/l?ragéel (r%'nt% %rﬁgﬁﬁg%e?ﬁ%@g&gxur?ﬂ g? EE er\ﬁ’é‘% garg out
4/1. \here- any of theshantiedy s skendedyri -phenoligmr ilydrexydxteonteising
the epoxide resin, then tfgninal grfipant of the hardener in the typical
case will be 15 | ess than that "generally enployed for hardening the
epoxide. M xtures of tH@sgpoolEneay dPrévyrethang, teughener golgmexar doder s
are within thescont esgtadfiinOn wefielBi Sbonded pREEILION hydroxyl-Ebhehiksed Ul
Resi ns 20 As noted above, oth e tlvc_eL resin systens include

ror
the various ther nosetSi™HE: rgFﬂgPﬁnggtWen

PRS0 n- clude the
bi smaleimde (BM), phenolic, ol yester (especially the
unsat urated pol yester resins typijcally usgd in SMC production),
PVR- 15 pol yi mi de, bis-3q0M)a Cyo 2 ghate e®terls an@ acet w(al-l)?bot er nighat ed
resins are also s\twt\abl e Lx A Rdr tlixzul M | yRlesirabl e resin
for this application NS Nffe VN yo-Biner?sirﬁ'. 'fhis class of resin
is based on the react.!i on|!| f ufjsaturated Bdrbakyl Hc acids and ep- 30
OXYy resins or epoxy compounds. | lustrative r tants in formng

the vinyl esters are the foll ow ng:
y wherein a and%: are each 1, 2 or 3, n is at least 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
e the aliphatic polyester 1is a polyester of an
alkylene diol and an aliphatic carboxylic acid, or a
polycaprolactone polyol, and
15 e the alkylene grou§ 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 aﬂd 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
(I1).

wherein x and y are 0 or 1, R’ is hydrogen or alkyl of
25 1 to about 3 carbon atoms, and R!, R%}, R’ and R! are
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a1 Epoxy Reins: Unsaturated Acids: [err]
Typical of the vinyl esters are the'fol | owi ng:

WO 96/41509 PCT/US96/09672
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hydrogen, nitro, halogen or alkyl of 1 to about 4

carbon atoms. In a preferred embodiment of formula

(I), the carbons to which the OH and N are bonded are
separated from each other by at least one aromatic

5 carbon atom. A more desirable embodiment
toughener polymer of the formula:

is- a

a Hou

In this embodiment, Ro; is a divalent organic group and
¢ is 0 or 1. 1In a preferred embodiment of the inven-
tion, v_vith respect to the polymer of formula (II), 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
about 120,000.

10

Incorporating this preferred embodi -
ment in formula (III), Reas is methylene or ¢ is 0. In

a further preferred embodiment is a polymer having the
formula:

15

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.

polyurethane polymer has the formula:

20

A most preferred



“

In the above fornulae, wis a positive value of from5 about 1 to about

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

m net hyl st yr eney, QO met hyl styrene, ethyl styrene, perusosiossr
a-vi nyl - xyl ene, ?Bo chl orostyrene,  [err]- brom)styrene

vi nyl benzyl chl ori de, - tert.-butyl styréﬂe ‘nethyl nethacrylate,
et hyl acryl ate, WO 96/ 41509 '

PCT/ US96/ 09672 42 propyl acrylate,
butyl acrylate, Lnym propyl a | at e yl
nmet hacryl ate, |auryl g ,Zﬁ\me,tpb%l, C y hyl )
net haéryl ate, and the Inke | M. WA

wherein n has a value such that the weight average mo-
lecular weight of the polymer is about 35,000 to about
100,000 and £ has a value of ét least 1, preferably
from 1 to about 70, more preferably from about .4 to
5 about 55, 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 molecular
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-1l,4-butylene oxide diol having a molecular
weight 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 phénol.
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 or



f[err]= 5 di ethylene glycol dinethacrylate,

t1, 4- di vi nyl benzene, and the like. In the above, nis 0 or_1

{A nunber of vinyl ester resins require the use of sol vents such -as
met hyl ethyl ketone, acetone, toluéne, and the like. 10 - The
vinyl esters _cured by any free radical mechani s such as by
pho%/oi nitiati oﬁé‘?xﬁ&s‘@r by uge 01}/ per oxi di ¢ conpounds. S96/09672
photoini tiator may be included . in theSornulation, as an optional

i ngredi ent. Light- ‘initiated curing of the vinyl ester alone or wth,
ot her- : :

DA DA

These polyurethane polymers are specially capped
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 (°"°"“‘x‘“=°'°/ﬁo.n-ou) 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 use in making the

10 polyurethanes include the following: _
bis (4~ 1,2-diisocyanatoethane
isocyanatocyclohexyl)metha
ne

1,3—diisocyanatopropane
1l,4-diisocyanatobutane
1, 6-diisocyanatchexane

1l,2~-diisocyanatopropane
1,5-diisocyanatopentane

bis (3-isocyanatopropyl)
ether

bis ({3-isocyanatopropyl) 1,7~-diisocyanatoheptane

sulfide S
1,5-diisocyanato-2,2- 1,6-diisocyanato~3-
dimethylpentane methoxyhexane
1,8-diisocyanatooctane 1,5~-diisocyanato-2,2,4~

trimethypentane
1,8~diisocyanatononane

1,10-disocyanatopropyl)
ether of 1,4~
butylene glycol
1l,11-diisocyanatoundecane | 1l,l2-diisocyanatododecane
bis (isocyanatchexyl) sul- |1,4-diisocyanatobenzene
fide .
2,4-diisocyanatotolylene 2,6~diisocyanatotolylene
1, 3-diisocyanato—-o-xylene 1,3-diisocyanato-m—g¥iene
1,3-diisocyanato-p-xylene | 2,4-diisocyanato-1-
chlorobenzene
2,4~diisocyanato-1- 2,5-diisocyanato-1-
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43 pol yneri zabl e materi als invol ves photosensitization of

li ght-sensitive conpounds by ultraviolet or visible |l ight, which, in
t'urn, initiates polynerization of the resin materials. The

phot oi ni ti at or wiPekesePr i se a com 5 bination of a photlQ'SﬁlEsg' |
ketone and a tertrary am ne. TypH:a phot osensiti've erzisa

i ncl ude benzo- phenone, acetophenone}’ thi oxanthen-9-one,

9-fl uorenone, ant hr aqui none, 4"- met hoxyacet ophenone
o g Topgeeet xrﬁg% TS DA A
T

canphr oqui none) LY

am no benzoate n¥ o a O);?-%E %ﬁ%gﬁ’%n%n
4, 4" -bi s(di et hyl a ‘h%g B%}‘.
rret hyl di et hanol am e n d| met hyI am no t
known phot osensi t i &9 _:Fgggogagnf ung- ls°§h°rqi¥eoﬁléﬁ’8¥?f‘95?y when
exposed to |ight : he-—abov-e—RaRBd——coapesnds- or
conbi nations.  Thefnd mixtures thegeofy o nhotoinitiator should be
sufficient to I The iptefepakiinpol yhdoayariates aekeTDEd i asi,n t-mad
OOt 8120 1 cn e el 8, B0ty Pl oS DML R Z2HD
foot candles. In amﬂylmdnampcummef r Q- the individdat ahorymern@erd -

(anti - oxi dant?) SU%%&E&:‘JJ.%B%QaHXte (2 _Tﬂ)ogﬁhobugne can be used to

ate
§F3 '~diphenyl-methylene

he

scavenge snmal | anounts of free rad'l cal s ‘generafed during extended
shel f storage. tolylenﬁcbu@mcyngabe f%eﬁwﬂﬂﬁw agglt MPIj si i 'maﬂr,lilly
effected ther S 224l ¥P5E her cur -
i ng agent known mél 3‘Er'f"ﬁrlne*':Ihlyllgng jl'?/ge\/n afna}tﬁaegé‘ é %lph gﬁzoyl

peroxi de, dicunyl pﬁéﬂi@ﬁe&xe ranhbxabyeﬁhyé ket adie &levn.dﬁé‘l Gidritmexdigt,@rii ary
butyl peroxide, tertiary bhutyl droperoxide, tertiary butyI
perbenzoate, Luper cﬁlﬁﬁ%‘ylmethylﬁ%l diisosuanaie (4nd HIna%, 3L3ct dol

Division, 174§ dlperlﬁH%’aﬁy’iQﬁQ Fyéée?}ﬁxaé(?f (57340yp)cumene

hydroperOX| de, suita er oxl 1@é Initiate
pol yneri zation 35 Bie t Relypplkykane a® @B%t RY| axidel |dialnseempriass canpo-

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 oxide,

20 generally - polymerized alone when the alkylene group
contains greater than 3 carbon atoms, or as mixtures,

so 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
urethane production but all of those that have an
average alkylene below about 3.5 have too high water
absorption properties for use in high performance
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44 nents of the primary coating. For exanple, Benzoyl per-

oxide may be used together w th 2-hydroxyethyl -p- toluidine. It is
Tomon to conbine netal salts such’as nmet al napht henates, e.g., :
cobal t napht hepate nd the 5 like, with tertiary am nes such as
di met hyl ani | |W896’415% with the peroxidic catalyst. Pcf’Hﬁ 6PNt of

catalyst is typically that anount that S2f acilitates the cure W|th|n

| ess than ten hours at a terrperature greater than 25[err] C
General ly, the cat aI st .10 emw || | ess.t bout . 10 we

percent of the s, R EPEL | hten) She1bAAn AR R Ot
will . range foxideabdidl (hdmd-wldigoners mdghhep@ulgptomlérke oxide
resin fornul ati on. 1 eP! 1 cke i ng of- -
the resin in form n%lc’l hoxr@ ?C%I'l& I;msl %\1/78 vézgnA%gQg%E Tha I|‘ojr51o a?%sr n
f or mu- | at i gpeokyurethane toughehexme or nore el ectronic grade filler;

ii)a thernopl gstic re%ﬂtaettaé §&i¢51®1%ep%&1d%0dmls usedtiﬁl i tJﬂub' e 3

in the thernoSetting resin i) an el ast omer-t
provi de dis- the P°¥X‘b‘f%‘“¥§“§st6ﬁﬁg %ﬁ%%éﬂ(%cmtﬁﬁaseé}dﬁn ane

t hernosetting resing 619<mers of the hYk9léhé Xeki@Pes) ANfrddted by tMe 2
m xture of two or

Il lustrative of sui P‘c’t E’r%%"t’rcﬂ% ‘lé gtr%?dé“c?‘}‘?“}eér% alkyleneag’élﬁ?um Slelan
oxi des including al prepelimehydioatiation as welht ed athelimusesacticis, to

f'eg: ﬁonagag\g:ﬁe’ di §ggﬁdgol§ureth e ”std fotar oful 'f?&cwe‘i(hj }ﬁ%m?d tpf 2et

a var|e her op er nose S -
bers. The thernopl aprEpopyhenes used prreffeerming omhesel.s based f | ber sthay be -

made from condensal pag yhkpezRRLURI Sor 1, 4-5HYLER V! BRiG 6 WA.ALS:
nyl on-4, 6; pol yeste fom '

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
weight 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,CH20):H where ¢t
has a value of about 8-89 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 soft segments in polyurethanes. When used with TDI,
DuPont advises that amines such as | 4,4’ -methylene-
bis(2-chloroaniline) are favored as chain extenders or
curatives. If 4.4’-MDI is the chain extender, DuPont
advises <that 1,4-butanedicl is the favored chain
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45 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 terepht Qagalafshe Pol yi mdes; 5 pol yet heri m des, ‘:I’B:'lﬂi%yés{é?k
[err]; pol ysulfones (see U S Patents_No. 4,175, 175 an @37)
such as Udel [err] and Radel[err] A-400Perr]; the polyethersulfones
(see u. S Patents Nos. 4,008, 203, 4,175,175 and 4, 108, 837),

such as_ Victrex|ergl dQP' yarﬁ’évfé’l}efzone@his polvdlc des na“Ed% Fydes
such as Torlon[err]; 3 the acrylics and nmodacrylic fibers;. and

the like. The therthﬁsr meppEers as FhpiRePXERRLTH %row%ﬁtwgv%ethough

t her mopl astic pol ymghain extéﬁ&eﬁé s&a:baoeméi@:ﬁo&em eanelaﬂset t@@ zhmﬂ:ular
pol ymers used in formn

e fil suc on- ;. nyl on-6; ny-
| on-4,6; pol yest er "ei-BBn °gol é’FﬁyP@ ¥ur?€? %%ﬁ%ﬁlémers pri%e\FPar"[h@rr]
pol yar ani de; [®| ycarcbppahgs:stap ZJ.n neing( 2he- polyuretﬁurﬁ‘es( 1. 4- oxyphenyl )
propane carbonate)); ? %ar yI

(2, 2- bi s(1. 4- oxyphenyl rop%?l treerpht ﬁ’égxs - uéae#“é't e) ool Vrkivks: t
pol yet heri m des, supolgsréthangsraie lsed onpdhyswuehohien p(emlamtsUc& an

Patents No. 4, 175a§.§§fxa@§g d:.carbo%gi: %%?):l ééﬁhraaciv eté@%{]agng‘-he,\b

Rade[err] A-400; th sul fones - t ent
4, 008, 203, 43915 Ilﬁgl&ﬂ?d o 168tenly) andygn @sll\lﬁh@ttﬁ-éx[cb-rorl] ;denjlvedl y| -

sul fones; polygryl agdai rEd olﬁm,le%ewimedsrdl eaeh25s antérﬁc§1éﬁ%-

Apartlcularly preferred class her nopl asti c pol ymer
provi di ng t ougheni n§X¥R8La® azflﬁﬂ/vélﬁﬂﬂtroﬁ carbon atoms, or based on the

reaction of e-caprolactone with a starter organic

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

polyalkylene oxide diols. Those that are desirable in

the practice of the invention are those that possess

low water absorption, flexible molecular structure,

hydrolytic stability, and commercial availability at a
20 moderate cost.

The linear polyester 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 anhydride, isophthalic
acid,. terephthalic acid, their respected anhydrides
(where chemically possible), acid halides, and esters.



=1 Avail able from General Electric Conpany, Plastics Business
G oup, Pittsfield, MNA 2 Manufactured by Anoco Perfor
Inc.. 3 Avail able fromIC Advanced Materials, WImngton, DE 19897

4 Avail abl e from Anpco Cherri cal Coripany, Chicago, II1. WO 96/41505_9.'5'-'.--=
PCT/ US96/ 09672,

. 46 aid for_the
t her nosetti ng VOSSP mul ations are the pol yur et hanes EF"{'-'ﬁgﬁ"PS’an a. .

[err] wherein a and b are each 1, 2 o83, n is at least 1, X 3
is a divalent organic radical containing at least two 5 car bon atons in -4

which the N s are bqnd | f t arbon _atonms_of X IS an
al i phatic pol yestereor%%dti%:"g tfg E&/I gr?gvgxfbgéy EFET none may. a[lﬁg use

al i phatic polyester dnsyalpDéMJ@neofmqm-fled unsatbkatehealiyEstars drike
aliphatic carboxyl | (y3sed ablcArtd in: POIYCRREGLECHL PS)¥Bk: 0289 an

al kyl ene group | yal kyl'ene arns on

average greater thas- @I@Beéléar §en 1&@’6@35 the PObYﬁFtrRﬁ Qﬂe&i@?arhan Theve
carbon atons, sand

ReeBhibli Emplopdd il GrjoRdtR! thie COHL RSV P UK N-
whi ch the 15 O—Igrf alx\l‘1 baonded ?Igﬁth}gé erfp grou ecﬁongééd é(}grecjt)lu'i)l[}hto

di fferent ar omat iudec Srlgynalk Yc% eF’Bth P& ethylene glycol,
propylene glycol, butylene glycol, dipropylene glycol,
diethylene glycol, neopentyl glycol, and the like, and .
the polyalkylene oxide glycols such as triglymé (b.p.
216°C.), tetraglyme (b.p. 276°C.), tripropylene glycol,
tetrapropylene glycol, and the like.

10

Chain termination of the linear polyalkylene oxide
or polyester polyurethanes is effected by reacting .
more than one mole of the diisocyanate for each mole
of the polyalkylene oxide diol and/or polyester diol.
The amount of the stoichiometric excess of the
diisocyanate will determine the

15

degrée of
polymerization {n) of the polyurethane. A
stoichiometric amount of the diisocyahate to the diol

20 is 1 mole of each. If the reaction is conducted under

anhydrous conditions, using an excess of diisocyanate

over the stoichiometric amount results in a polymer

that is chain terminated with isocyanato groups at

each end. If 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 wurea, as well as terminating

isocyanato groups appended thereto. The 1level of
excess diisocyanate 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.



€onbi nati ons of the polyner of fornula (1) and ot her t oughener

pol ynmers are useful in inmproving the t ougheni ng properties of the

t hernosetting resin 20 formul ations for making printed circuit
boar d conposites. This invention includes the use in the
thin film D#ngémsetti ng resin formulation of a M sci blp-rRisesnsr2
partially m s I near pol yur et hane %gl ymer cont al nr’ﬁr{‘g’g
phenol i c hydroxyl functionality for react | on with a

t hernosetting resin conprising a |inear polyurethane of :
recurring units The h d£=8£§ aéan[H]:J.ld m&oe%bﬁboaﬁdew@rtéﬁﬁ{aﬁ%gor
conbi nati on of ester an er noi eti es 6/ 41509

PCT/ US96/ 09672 the lsocyanato containing pg}yurethane is E%ﬁ%f:aé’rléf a

i nt erbonded throughgytghRape 8foths fYthula: * uriedo bonded phenolic
hydr oxyl - cont ai ni ng term nal groups. These |i near

pol yur et hane t.aughener pol yners nms5 RukQ

) tf Ruuri edo bonded phenol i c
hydr oxyl - cont ai ni ng t er (HO)g @ T{g f ormul a: (Vi [err]
wherein a and b are each 1, 2 or" Ied‘kt 1, each X is a

%Y?he?}]eo{\ﬁgm ;r ;ag%xﬁ_ ago ha! BbffiMltion of '©2Shnd Ry,C PO ALY o

5 R°® and Rg: defined above, and in particular, Rgo may be
a covalent bond or a divalent non-aromatic group such
as alkylene, alkylidene, oxygen, carbonyl, sulfone,
and the like, d is 0 or 1 and when it is 1, ‘the
hatched 1line desighating a fused ring bond is

10 nonexistent, and when d is 0, the hatched line may
exist as a fused ring bond to Roz. Roz is aryl,
polyaryl, fused ring aryl, polyfused ring aryl,
cycloalkyl and the like, and c is 0 or 1. When d is

, 1, c is 1, and when d is 0, c may be 0 or 1. Rgz is

15 hydrogen, or alkyl of 1 to about 14 carbon atoms.

Tllustrative examples of suitable amines are the
o "o M,
o, 07 .., 00,
0,
,‘Um oo, oo,

The aminophenols, p, m or o—aminophenol, prove to

following:

20 be effective terminating molecules for the isocyanato
capped polyurethanes. Solubility or a low melting
point gives the meta product some advantage but the p-



~10 different carbon atoms of X, R is an aliphatic

pol yester or polyal kyl ene oxi de wherein the aliphatic polyestoim
is .a polyester of an al kyl ene diol and an aliphatic carboxylic -

facid, ‘or a pol ycapr ol act oné polyol, and 15 * the al kyl ene it
.group of th | kyl ene oxi de .contains on aver er. 5

than three car‘%ﬁﬁg¥§ns and not greater than five cgggﬁﬁgéﬁ% , and -*
R is an organic aromatic containing group i f8which the OH and N

bonded to the R group are bonded directly to 20 di fferent carbon atoms

and the OH i s bonded .directl . .QuAti c.car bon _atom n

| mpr oved veLsion cﬁamidopg%%ﬁé 85??%%%é%;¥%€§#%m gh(l eiggPﬁgeB%fy$ﬁ$§Qﬁr ;
formula - (11).- epoxiderieaction whystsm at ablbleytempefaturels ¢endrs- . -
hydr ogen or al kyl t b~3 Carhon err]. ers], - ¥
hydrogen of alkyl 3P ueed {@02R96c. CaMIY 2690138818 Chielignfl We ] 9

PCT/ US96/.09672 these aminophenols (109.1) 48ans thathyedegémelyi small
hal ogen or al gyl of

enbodi ment of for rru?émh&sab?%‘,A%%eugggggﬁgntﬁé%caﬁif2 %ﬁ%"ﬁg&ﬁrﬁrtg?eis
bonded ‘are sepaighed thoomtezmpnatien Ppagtipeasis ork@pidonngpyesned .
carbon atom A mdBEBy BPStR&bt fne SFRARIYERNEo iget ood dispe¥gisNein -
pol ymer of the forn}cjkllg:high viscosity system. The powdered amino ﬁhenol
can be added directly to the reaction mixture or more
10 desirably can be powdered, mixed with a small portion
of the low oligomer epoxide resin diluent, discussed
below, and then added. Measurement of the IR absorp-
tion ratio of the isocyanate group 2240 cm™ peak to
. the 2840 cm™! -CH peak can be used to ensure that ter-
15 mination is complete.

During the polymerization ¢f 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 became very
high and at rational reaction temperatures (~50-170°C,

preferabiy from about 80°C.-120°C.) stirring

in

laboratory or production equipment can become
difficult. Use of a solvent as a diluent (e.g.,

25 methyleth_ylketone (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
concomitant increase in production cost. Advantage is
30 taken of the very low reactivity of hydroxyl groups
with epoxide groups (unless catalyzed) and also the
low reactivity of isocyanate groups with epoxide
groups (unless the coinplex formation of oxazolidone is
deliberately forced). Therefore, oligomer-free and



ferr] In this enbodinment, Rerr] is a divalent organic group and

cis Oor 1. In a preferred enbodi nent of the inven- tion, with
respect to the polymer of formula (11), x 10 and y are each 1, Rerr],
Rlerr], Rlerr] and R4 are hydrogen, a and b are 1 and n has a val ue
such that the %%m ogVer age nmol ecul ar -wei ght of the pQicHResbogTabOUL
20,000 to a ou% 120, 000. | ncor porat i 39 this preferred enbodi -

ment in fornmula (I111), Rerr] is nethylene of'c is 0. In 15 a further
preferred enbodi nent is a polynmer havi ng t he formul a: [err]

wherein n has a val he, _gygéag@ g‘gid in@CUéa wei ght
of the polyner is a u% %% %gg%:g about 8 e resllsn a

pol yal kyl ene oxi de hmedhi 88 t Wargactive %VFBF@ gF‘BEbggt h&hgof BedyRex
average val ue of ab?kﬁ:mat:.on. 3. Ssud¢h aégsa*t:.de4 es{is bodre atﬂﬂiﬁsequew%l@‘D

grc'?'; 8%52?09672 cgétJngtt:Ek?{]ee Bgtg/rmfgrm%iatgeﬁfggggys in future a\gaegs?./vé]ﬁog

5 systems. For this dilution during reaction, epoxides

as free as possible from oligomers should be used.

Shell's Epon® 825 (the diglycidyl ether of bisphenol

A) has been successfully used as a diluent even

although the small amount of oligomer present (5%) did

10 show some reaction. At 1/1 ratio to total derived

polymer, Epon® 825 gave polymer products easily

stirred at needed production temperatures and at that

level should meet most subsequent formulation needs.

D.E.N.® 332 from Dow Chemical should also be suitable.

15 The Bis F resins, such as Epiclon® 830S, if distilled
to eliminate oligomers, could also be used.

Illustrative of suitable diluents are épOxy

monomers and dimers of the following formula:

R. .

e
sric IS e e B

o 7/\o [ \o/\vo
_ o

wherein R® and R® are each hydrogen, alkyl of 1-3 car-

20 bon atoms or phenyl, preferably alkyl such as methyl,
and p haé 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



V) wherein n has a value such that the weight average no-

| ecul ar wei ght of the polyner is about 35,000 to about 100, 000 _and f
has a value of at least 1, preferably from1l to about 70, nore
preferably fromabout 4 to 5 about 55, and nost pLef er ablhy fr;)hm about 6 _
t o about term nal hydroxyl groups may be in the ortho, s
meta or para pB"gf‘!‘f‘Iﬁg preferably in the para posi- . t {RSTF/US96/09672 A
preferred pol yurethane is one having a nol ecli®ar 10 wei ght from about
20,000 to about 120,000, preferably about 30,000 to about 110, 000,

and nost preferably out 35,000 to, about 100,000, forned by the

reaction of adsSFg ¥ 3-‘ r(éﬁ qucﬂ oFOREE 055, aRs RERERTTEd.

wei ght of from aboutCoﬁ'ﬁﬁttLonabbhat Sr&ftrerivdtex &tr@m thg rea@‘i’ﬁt@i@tﬁéfbﬂeh

excess of nethylen ny S p e reaction w o,
y %ea@t@.@?\ Iaﬁlﬁe 819%(1‘}{?1 eactlo 8%/?

m or p-am no phenol . ane po Sor ud®in-
t he t her noset tamg:naésmﬁﬁalmtmrm aneeﬁed:anobefzfermdltfhle reaction

t h th d ol n r] WO
gg/ IAf(igoguc ass L NoSetrds tﬁ’aﬁﬂ%sft {m %UESG%%tg?%dver;ﬁy affect the

50 reactions can be employed Catalysts are needed in

polymerization reactions using aliphatic isocyanates.
The foregoing polyurethanes and their manufacture.
are described in commonly assigned copending U.S.
10 Application S.N. 08/349,876, filed December 6, 1994.

Another class of flow control aid thixotropic

agents and/or elastomer-type polymers that provide

discrete elastomer phases (second phases) in the ther-

mosetting resin matrix. Certain of these materials

15 may reduce, to some finite degree, the crosslinking

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
elastomeric polymer containing soft and hard segments,
the hard segments acting like or forming on process-

ing, crosslinking of the elastomeric type.

20

Some of
these elastomeric types contain functional end groups

that allow it to couple with complementary functional
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

25

crosslinked yet are thermoprocessable, which when dis-

- 30 cretely provided in the matrix resin render the resin
non-pourable and tacky, and also toughen it. '

One class of suitable elastomer-type thermoplastic

ABS (aci:ylonitrile—l,4-butadiene-styrene) block co-

polymers that are typically used as modifiers of other



[err] These pol yuret hane pol ynmers are specially capped | i near
pol yuret hanes fornmed by the reaction of a dii socyanate of the

formula O=C=N- X-N=C=O with an 5 al kyl ene diol of the formula HOR-OH in
t'he ol ar ratio (O=C=N-X-N=C=Q'[err]) of >1, such that the resulting

pol ymer equal s {oaeMmsesie of n as defined above, f ol | owechiisbdiReT2
reaction wth am nophenolic conpounds. Q%i socyanat es suitable for

use in nmaking the 10 pol yur et hanes incl ude the foll ow ng: bi s
(4- 1, 2-di i socyanat oet hane’ I socyanat ocycl ohexyl ) net ha

ne 1 ,3-diisocyggai@pis9Rdefts. lTRedli B¥OCY A RiMePR2B8 as having a
1, 4-di i socyanat obut ane 5-g| | socyanat opent ane

1, .
1,6-d[isocyanatohexaﬂéde rapge (9% BEEPSHLASH NG the prgfgxred systems
bi s(3-i socyanat opr opgf) the idventlidmsamidiaeokepbiffers thatSWdd G gh rub-
1, 5-di i socyanat o- 2, 2; 1, 65 di i socyanat o- 3- L et hyl pent ane

net hoxyhexane - E?§-EVP§8cggﬁ§f03@¥3n5°mpare§,§9dfﬁgﬁfyé%ﬁF§Y§?§?49f
trimet hypent ané this 9tg¢pesocybane oaoxaletively 1 100- diesmdiyanatyenonil, )
et her of 1,4- ;. . bug e gl

1,1 1-diisocyanat ound%%gneteflf'f- dzln?‘shcl)létil/":ét’na{1 8’88850%\1@&% 9e¥§9£ance, Low
bi s(i socyanat ohexyl ) handiness andiheadc gafideobion diemperaturef.j de

2, 4-dii socyanat ot ol yl engnoere - di A SO ERLO! YL BBund desirable are the
1, 3-di i socyanat o-0o-xyl ene 1, 3-di 1 socyanat o- m xyl ene

1, 3- di i socyanat o- p- x§rER@XYD apq)j Iing feqrgnpred liquid butadiene acrylo-
chl orobenzene 10 nZc ATk | 66FYPRREEE.1- Such copdlymeds HRAGY THHLA1A- pen-
dant carboxyl groups in the interior of the polymer
structure through the inclusion of methacrylic or
acrylic acid in the polymerization or through the hy—'
drolysis of some of the pendant nitrile units. Such
15 polymers react with the epoxy resin and as a result,
the epoxy forms the hard segment generating the elas-
témer properties.

Another class of block thermoplastic elastomers is
Kraton®, available from Shell Chemical Company. These
20 thermoplastic rubber. polymers possess usable fhermo-
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 After 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 hard



O 96/ 41509 PCT/ US96/ 09672

51 ni trobenzene ni trobenzene 2, 2-bi s(4-
bi s(:4-i.socyanat o) phenyl - I socyanat o) phenyl propane et hane 4,

' -di phenyl net hyl-ene di- 3, 3'-diphenyl-nethyl ene | socyanat e
di i socyanate %lynethylene . 1 sophorone diisocyanate
poly(phenylenelsoévg gtes) and m xtures thereof. PCT/G§96/09672
preferred polyisocyanates are TDI, i.e., the60 m xture of 80% g
2, 4-tolylenediisocyanate and 20% 2, 6- tonIenediisocyanate or the. -

0 dual, ronorer e dbopihgeic, (e DARCITE SukRudeld Lottt
di phenyl met hyl ene dteseryaridilashratdve’ ofi phzmyderies is mtbu®eue1701,
i socyanate (4. 4 -RoriiasR ertREETRE Y indr, potyetiInE hiS e o
(3,3 -MDI). .  satdretesbl mﬁwmaw(ethnlem-mmeedembbwmn ses a

di val ent al kylsene oxi dgip@y efﬂbﬂm €6 P éf@s@éﬂl@g r..’x.(?lclu e: gro Shopa ta' n, - :
on average, greater than three carbon an no rearary than 3

five carbon atons™e¥8 O T\GARCHYMErs tpfy %ﬂf@ulg&;*red ofiends | ehasrm@(l de,

1, 2- propyl emeigh¥i eleeraée 3maneeuisﬁewe9g<weof 30708yt %erhfbo 000
oxide,” 1,3-butylene o |d§ér 4- but QXId ene

1, e
oxi de, 1, 3:pentyl en&ToRHg 1a§ Bsﬁf: ?‘1% 3. ogatd'e No. f ﬁzp%er‘?ﬁﬁlrenﬁ
oxi de, 1, 2- hexyl embicbxittie, czhjugatgdnaiiahky pohyatfi Zedmalsone Wﬁ&%ohhe X
al kyl ene gro nt S 3 cC t o as m xtures,
so as to foanhina nurrberﬁlg In mg?i%g‘%g%etsgggb&? a%’ﬁ%)g?ﬂac dlene,” gr3PRTENer han
about 3 and as hi ghaad atﬂmtliéke: (b) epihalohydrin homopolymers, a co-
‘polymer of two or more epihalohydrin monomer, or a co-
polymer of an epihalohydrin monomer (s)
monomer (s)

with an oxide
having a number average molecular weight
(M) which varies from about 800 to about 50,000,
described in U.S. Pat. No. 4,101,604;

15 as

(c) chloroprene
polymers including homopolymers of chloroprene and co-'

polymers of chloroprene with sulfur and/or with at
least one copolymerizable organic monomer wherein
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)

20

hydrocarbon
polymers including ethylene/propylene dipolymers and

copolymers of ethylene/propylene and at least one non-
conjugated diene, such as ethylene/ 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

25

30 of a conjugated multi-olefin having 4 to 14 carbon at-

oms, copolymers of isobutylene and isoprene where a
major portion of the isoprene units combined therein

have conjugated diene unsaturation,. as described in
U.s- Pat. NO. 4,160'759.



ﬁlreferably greater than 3.5 and as high as about 4.5. 25 Many types of

al kyl ene oxide diols are avail able for ur et hane production but al

af those that have an aver age, al kyl ene bel ow about 3.5 have too high
wat er absorption properties for use in high performnce WO
96/ 41509 WO 96/41509 ' PCT/ US96/ 09672 perrusesinosr2

52 _ adhesi ve applications. Sueh exclyde the pol yethyl ene

oxi de di ol hono-oligoners and the pol ypropyl erte oxi de di ol
hono-ol i gonmers from consideration in formng the pol yur et hane
tougheners. 5 Al bpebikhe Pl YabkyieitknoXige diel sapised &fadBdidid o

t he pol yuret hane tougheners/fl ow contrqgl aids are prepol yners of the

al kyl ene oxi de(s), POdYTMEYSHYTER Hee f°1l°b’&ln9l’rpri zation of the nononeric
al kyl ene oxide. Suah Hycar™pioTe8l ¥ARLiHOFERELOPe ABulBts AScd Ayl aaidd ons

to 10 form pol yur et hanes i s ngtoriousl wel | _known. = O the

prepolLymers, a pr@8aced bytadiere- nitrile,gopolymers) spddi PXt ifon

of 1, 4-butyd ene r. @sbdeich.(i.e., tetrahydrofuran) to a nol ecul ar
wei ght of from abou £P0 Qe about . 5. 000, h prepol ynmers_.are
comercially 15 g/aﬁP’&BFe %FB@%‘H ﬁfﬂ’bﬁ#r %&ib&% F%ge T\aﬁ}%‘f‘t they con-
Ter at hane[err]. tainTeireddmacs [pandantagerboxylD| aipar, wRisght sumsl deav as
about 650 to.,as hi gh out 2900, as well as nol ecul ar

wei ght versions of Yo ?00683%1 00. Hi gher and | ower nol ecul ar

wei ght versions are3al 8igcav® | abAEBN,20 amSneh iempoaredrs Ilpuiadidkme- | ow
wat er absorti on, : L b ' ul ractur olytic
stability, el aﬁgryég%%%g?f%léoepé:\}ﬁeg:%i Islg?fl1 _ﬁgtg' a%u' %gg%?é. cost .
Terat hanes[err] havd -t Ke ¥102mgBa7ROstzere dprardione lineex (SBS polymexs a

val ue of about 8-9 to abpiiifle tthemabndipher 25 and | ower val ues are

avai l abl e, and such oligoners
Chemic¢al Company as Kraton® 1102.

5. KDX 1118-30:70 styrene:butadiene copolymer contain-
15 ing 20% 8BS triblock and 80% SB diblock, available
from Shell Chemical Company as Kraton® DX 1118.
6. KG 1657-14:86 styrene:ethylene-butylene:styrene co-
polymer available from Shell Chemical Company as Kra-
ton® G1657.
20 7. 8 840 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 Compahy as Ameripol® 1006.
9. SBR 1502-Random 23.5:77.5 styrene:butadiene zrubber
available from Hules Mexicanos, or from Goodrich Rub-
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.



€oul d be used in maki ng the pol yurethanes. Ter at hanes[err] have

been wi dely recommended for use in maki ng pol yur et hanes by_DuPont
For exanple, they have been recomended by DuPont for use in
formng 30 soft segnments in pol yurethanes. When used with TDI,
DuPont advi ses_t hat am nes such as 4, 4' -net hyl ene-

bi s(2- ¢hl or oan™MA%¥Y5%r e favored as chain extenders or PCTASPEII R s .
If 4.4'-NMDI is the chain extender, DuPont 62 advi ses that
1,4-butanediol is the favored chain WO 96/ 41509 -

PCT/ US96/ 09672 t nder

However, this inventi GHEEOPRG TLOM, rtﬁ?ﬁh‘w’t]‘onsotaﬂcgr FfﬁﬂYdﬁl& yas thixa .
extenders or curatitusspiiipugients suchhaisn femkdndédscean Milespraniate tef =
rai se the nol ecul ar I y ne . pre r|or to- -
the 5 cappi ng stterf)lxourrﬁ'cggﬁt Eﬁ:s 4 yure%a%ﬂe%a% arda Eg#%gemp]o Felter -}
diols  useful i randreigaposityd blOCke%cﬂWdelshéheQSarmd)a@@d ldket he

reaction prodgcts of afhe thin 8&119&1%3%@' EﬁéPQé&’é:!fze%P'ali; ‘ilx%'-é '%ﬁlésuch
as the . acid halide or. ester an aliphatic diol derived om’ i

an pol yal kyl ene om%tkﬁ“éﬁl]s\bcﬁ% Lidmy may| Pﬁeta"ky ag| yedl - of This ocamout 5

carbon atons, or baéﬁﬁll&ﬂ caa be ach;@@#‘éd OﬂnOfa en&ﬂﬁ:@'éﬁt %9sWthM§ny
starter organic est qmercially

avai l able materi al Ehem“%%’s}"g aF@s”t"‘?/ PEéI ISP ildeqssaES ab°uP"wo?r§)lcyt i 880 y

stable than t hmany @Eortﬂfémf | el 1liquidspodty atkys enempetaiensti .ol spothose
that are desiftable 5:

c f e n_are t e that
possess 9 ow wi ndsabc’sfor ?gllr;lg ?’% b% e ol e@iﬁ% SCrugta ur‘-ﬂ’ e and
hydrol ytic stabilit$yackwd csmesamleava_ lxgisitni thatitia selid am’der aesivost .
The linear polyest eknb@sisas Mhike daBAtel WorBlifla to form a mixed resin

system that is non-pourable and tacky. 1In addition, a

solid or liquid 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 temperature conditions and fluid non-pourable
and tacky at room temperature (about 15-37°C.). Con-
ventional handling temperatures are defined as a tem-

20 perature of between about -20°C. to about 43°C.5
Though the in situ-expandable thermoplastic parti-
cles or the solid chemical blowing agent will render a

liquid thermosetting resin more viscous, they alone

wrml W Bt g P IR

are not effective .  for making the film non-pourable.
25 If the thermosetting resin is solid, it can be calen-
dered into a f£film by melting the resin with heat under
conditions that avoid condensation or addition of the
resin to a thermoset condition (C-stage}. If the
resin is a liquid, it can be blended with thixotropic
30 agents, other solid resins and/or liquid or thermo-

5 This range reflects the fact that material handling can re- ' *
quire low temperature storage to preclude premature reaction of .
the thermosetting resin system and relatively high temperatures '
because the film may be used on a hot factory floor.



ucts of saturated and unsaturated ali phatib di car box- ylic acids,

such as mal onic acid, succinic acid, adi pic acid, nmaleic acid,
fumaric acid, hexahydro or 25 tetrahydrophthalic acid, "dinmer"” acid

(di meri zed fatty acids), and their respected anhydri des (where chem -
cal |y possi bl e) worsglaskoral i des, and esters, with or- - ganipgeriistédosz 1he
polyester may include in the reac- - tloqma m nor anmount, typically not
nore than 20 nol % 30 preferably not nore than 10 nol % of the acid
conpo- nent of the polyester, of an aromatic dicarboxylic

acid such as o-phthghhstdei teXdstnleydc dﬂodim habi cconvert 8R&d.resin

terephthalic acid, their ected anh | des e chemcally
possi bl e), acid hal £38%, aaﬁb&é’s‘ﬁ ey 2 °n"P°ura%f 9%’?91%3’ material.

PCT/ US96/ 09672 The thermoplastic polymebdused in Eormilsht ke tim t he
above pol yesters on c| ppent a i.cge nodi f i ed

] | di
unsat ur at ed pol yest %FE%FFggggdaubsfet ﬁ&?émglé’g%#b‘gd Raf eSpPERt FRAGLLY

3,986,922 and 5 piepf8dedlZromoal origleasrariietyobfestatierialbl nea .numbdre 5
organi c di ol enpl oy u e .hol i HRMS cI ud '13?

al kyl ene glycols su%% ;%t%@%% %%eftel} t% e/;?e%_;e aCQPrﬁé gl ycoI ’?%"L?t ’ene
gl ycol , dipropyl eneUglsyc@Iatent No. d|3et6ﬂ§|.éﬁ@ gﬁyebibemeblp%m yprwqm;(ﬂlonand

the |ike, and l4 n [ CQles C [ p.
10 216[err] C.), é’h %éllﬂhs. %51%61&%0?@6 ?Jlft r?%gr%:g eJnge 8+é3l}£c%s(l%n
t et rapropyl ene gl ycé’lf (é dog:gen;.q:k@onomer:.c mat@ﬁ&ﬁﬂ\st én BHfpalys-

linear polyaliylenee@izdeion to @ therRplestpe! y@é@ﬁ&%\%ﬁ&-ﬁ‘ﬂ %Iﬁ%gby
reacting nor e t han one HDRﬁHgEF;ge di i socyanate for each nole

of the pol yal kyl ene *8%i §€54F6 oP¥eReErisfi ol (2} a liquig %ﬁﬁ?&‘l‘ﬁ of
the stoichionmetric etxceaisihgt Bgent whicHi egesysinat Bittlé | solvdltd eidtion

the degree of on the resulting polymer, and in a quantity 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 quantity of the 1liquid-blowing
agent 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:
Rﬂx
|
_ CH,=C-X,
25 to form homopolymers or copolymers, such as random or

ordered (including block} copelymers. In the above

formula, Rox may be hydrogen, alkyl, such as methyl,
ethyl and the 1like, 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



rpol yneri zation (n) of t he pol yur et hane. A
stoichionetric anount of the diisocyanate to the diol 20 i s—1 noleof
each. If the reaction is conducted under anhydr ous conditions, i
using an excess of diisocyanate over the stoichionetric anount . ;
results in a that is chain termnated with is roups .
at _ eacﬁgéég‘;{sﬂ any water is present in the polyuret hgﬁgﬂg@@ﬂg P L
formation step, then stoichionetry should ®4ke that

‘into account,. .
because water will generate nore near- termnal residing urea, as.j
vell ‘as term nalifgse monombSOCYADAE RO OHPS,RRRENACY ol NGIEER (TG eVel
of excess dii'soCyanate w I T deferm ne the degreé o

pol ymeri zati on andtefhniéndet ersigle t B& vaptgrenien | g-methylstyrrneabowe
formul as. Such ' ¥ o-t.erm 1eq t | ) _
thermal |y or cheni g‘%lt?’gggt gﬁ?‘f‘a 3 lllBTB%ICJOI ;yﬁg?e' ethPLIY {%%6?’?11" .
PCT/ US96/ 09672 xylene, «-chlorostyrene, oSbromostyrene,Theimylisenayl- .
aromatic am conp g.?%g_for ter

2r natin he isocyanat ont ai nj.n
pol yur et hane Is pr A% aP trgrts?t ir:"dg&lﬁtéy%%nﬁ'hea?%r %Fa?lfkﬂ'errill&
wher ei n t he conbi ndtlilostohtiRyerof thebeRwnomers ayei ttwisentint which XRasr] . -
and Rlerr], defined, adgMenAnd.dun a2t mdidty B8O £BBY B8rv1 nt .
bond or a dival ent dc.lnon-ar(? ticygroup sug:ﬁ' y. as_ al Eyf n%‘f%‘?‘ﬁ‘?ﬁ%%e, -
oxygen, carbonyl, saddheor in CorpippEiepidiitdh | She dlkenydd amematicis
1, the hat chegbddmisdegagnatisag we f ueedisédg bogiskH S atPylate-type
nonexi stent, _and when d is 0, the hatched |ine maX
10 monomers include methyl methacrylate, ethyl acrylate,
propyl acrylate, butyl acrylate, butyl methacrylate,

* propyl methacrylate, butyl methacrylate, lauryl acry-

late, 2 - ethyl hexyl acrylate, ethyl methacrylate,

and the like. X; and Rox may be a halogen, such as
15 chlorine, fluorine, bromine and iodine, thereby to en-
compass the formation of copolymers of vinyl chloride
and vinylidene chloride, acrylonitrile with vinyl
chloride, vinyl bromide, and similar halogenated wvinyl
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 propionate, and
the like. One may also employ for specific purposes
25 etfxylenicaglly unsaturated copolymerizable acids such
as acrylic acid, methacrylic acid, itaconic acid,
citraconic acid, maleic acid, fumaric acid, vinylben-

zoic acid, and the like.
The thermoplastic polymers may also include quoly—
30 mers {of the random or ordered varieties, especially
blocked copolymers) of the monomers described above
with a variety of hydrocarbon monomers, such as pro-

pylene, butene, and one or more dienes, such as:



exi st as a fused ring bond to Rerr]. Rlerr] is aryl, pol yaryl,

fused ring aryl, polyfused ring aryl, cycl oal kyl and the like, and c
is Oor 1. Wendis 1, cis 1, and when d is O, ¢ may be 0 or 1
Rlerr] is 15 hydrogen, or alkyl of 1 to about 14 carbon atoms.

I I'Tustrative exgpgeasse®f sSuitable amnes are the f ol I owippg 672
[err] he am nophenols, p, mor nophenol , prove th%
effective term nating nol ecules for the |soc§ghato capped

pol yur et hanes. Solubility or a low nelting poi nt gives the neta
product sone advant gge : Pahas 9644 -
PCT/ US96/ 09672 #0°5brhidhf Penain  acyelf S0a8dR07 A nophenot” !

di ssol ves readily in thexediprndr Grecpagiene, and theolikeireaction system
at the tenperaturesegepehnched chahihy a2 1 68Qu LT S0 &H - adbe J-Qtny1-

nDIecuIar wei ght of
. 1,4-hexadiene, 3,7-dimethyl-1, 6-octadiene, 3, 7-

5 dimethyl-1,7-octadiene and the mixed isomers of di-
hydro-myrcene, dihydroocinene, and the like;

e single ring alicyclic dienes such as: 1,4-
cyclohexadiene, 1,5-cyclooctadiene, 1,5~
cyclododecadiene, and the like;

10 e multi-ring alicyclic fused and bridged ring dienes
such as: tetrahydroindene, methyltetrahydroindene,
dicyclopentadiene, 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-
c?clopentenyl)-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'—é; nylon~4,6; polyester from polyethylene

terephthalate; Kevlar™ polyaramide; polycarbonates

(viz., poiy (2,2-bis (l.4-oxyphenyl) propane carbon-

25 ate));  polyarylates (viz., poly  (2,2-bis(l.4-

oxybhenyli propane terephthalate):; polyimidés; poly-

etherimides, such as Ultem™; polysulfones (see U.S.

Patents No. 4,175,175 and 4,108,837), such as Udel™

and Radel™ 2A-400, the polyethersulfones (see U.S. Pat-

30 ents Nos. 4,008,203, 4,175,175 and 4,108,837), such as

Victrex™; polyarylsulfones; polyarylamideimides, such

as Torlon™; and the like.



-t hese am nophenols (109.1) neans that relatively small 5 anounts can be

used for termnation, solubility is hi gh, the term nati.an
is rapid, governed nmostly by the tine required to get good di spersion 3
i n " - the high viscosity system® The powdered am no phenol can- be g
added directly_to the reacti-on m xture or nore 10 desi r abl n b

powder ed, nixe Q402 siral | portion, of the | ow oligo MQ 48
resin diluent, discussed bel ow, and tH#®n added. Measurenent of the IR
absorp- - tion ratio of the isocyanate group 2240 crr[ err] peak to - ,
the 2840 cnferr] -CH peak anb ed .t n e th mnation’is -
Lol ot . o i b iy del BABITNE ok (2h1bEEa ddenes BV RE" 'S
~hydroxy terminated Hidqﬂp@m@t@)di d@-tdnnpcﬂlgﬂesm@rymwtlon systemer i dllssy hi gh 8
mol ecul ar wei.ghts afde '(1'e2% d-f 245@ rsql Y RisC he
range of about SOKB%& %é %1 l ormlngl n , \?lhs%os??'%'éhé%&e% ane
very hi gh an’éﬁ(@ﬁomh%llﬁcé&éﬁpéne‘ﬁmr aQﬁh}{S@n@qS@IPPGPer rpen-
preferably frgom e,80@utka@, C. 1 sobdtylenke)d né entane, | aRREPLGRY, -
production equi prre can become difficul Use of a sol vent

as a diluent (e.g. Res3ne, hentanss R Mes(ﬂﬁKPne P&t PRRGIEBFRr 8hi-

(THF), and phetid keydebechbboneatiagihg andmbbecibact memgntOdsfcts,

t hough usabl e in nmaking, t Rol ymer.s t he i.nventi.on -
probl emof its subs&§ %ﬁt a?emﬁ’vala WPOH 3RS poiht &)enlc%'dm?ée r?’ﬁ%? e%gegﬁﬁ

production cost. Adsaﬁtagmgsposﬁt oft am pésinmus/emgténiak ewben visayuof

hydroxyl grougs {.Ph F}51“@“;9; RYRs ﬂi%fr?gs a‘i;%tn%l Yﬂ:ﬂlz&?d al so the -

| ow reactivity of |soc ana rou wth e roups (unless the .
conpl ex formation of oQ‘aheru ééh‘éab%e flUld foa@lin@eaae@ts/ 3xg ch) .chloro-

Therefore, oligomersbe8caPlons such WAP6/ ol described in  U.s.
PCT/ US96/ 0972

3,615,972 {(column 4, 11&23 21-30) and tetraalkyl

silanes such as tetramethyl silane, trimethylethyl
15 silane, trimethyliscpropyl silane and trimethyl-n-

propyl silane. As pointed out in this patent, the

boiling point of such foaming agents at atmospheric

pressure should be'abéut 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 panded particles, as well as the expanded microspheres
can vary widely. Particle sizes for the unexpanded

particles can range, for example, from about- 1 pum to
about 1 mm, preferably from about 2 pm to about 0.5

mm . One version of in situ-expandable particles is



thus secondary hydroxyl -free, epoxide resins can be used as

unreactive diluents during the polyner formation. Such epoxi de
resins are subsequently conpatible with fornul ation needs in future
adhesive 5 systens. For this dilution during reaction, epoxi des

as free as posswigsiigoom ol i goners shoul d be used. Shel lpcys

825 (the diglycidyl ether of bisphenol ) has been successf y used
as a diluent even al though the snmall amount of oligoner present (5%
did 10 show some reaction. At 1/1 ratio to total derived

pol ymer, Epon[err] 833dgaufieRol ¥A®I redUEkSamasid,y by Nobehi Mighdlrigeded
production tenperat Lé{qeaeand at .t hat | evel shoul d neet nbst subse uent

f ornul ati on needs. np guRds a]r‘.'] Fyedan, (UpSw efidreest Marristta s
suitable. 15 The 3B0S2F. resmm m@e ain Epietpandedr ]pa&%e&el fs:.(iles'[ﬂrldnﬁd

to elimnate oligoners,, cpuld strative of
suitabl e diluents sb 2hE ge'f.')lgxgl er%cﬁﬁ’b'rs'rgﬁdpafﬁ'b?t oF L IRFGTS 195Wi ng
formul a: Berr] pand 2 tovmetrmés.Ra and Rl err] are each hydrogen, alkyl

of 1-3 car- 20 henyl , preferabl | k such as net hyI
and p has a val ue o?rﬁg?ﬁa p'B’é %/’ébsfﬁ”f s&papg éhfe gar Lchisi e hayes ¢
preferably, pis eqaalmzlxedo partlcle sizEheof widet spneadceadla'rche.ase fuple
formng the 0 a the d|o ded 2
25 tenperature of® Bgo?& %tOLFgl’r]Jé ?%ﬁ%g& I{'20 er@?}% %&ﬁ i ded
in the presence of fogiml yen®, parhiecwlarlwnpsefevred in sltmmdarﬂs

| ndi cated abaye, or oblies £FECLEVExPhNCENd 091 Do, GHTRE SIS RAOLY pe

nononeric resin indfcated above ) . reacti on shoul car ried out
in the absence of @& terpolymer of vinylidene chloride, acrylonitrile and

methacrylonitrile containing 10-18 weight % isopen-
tane, and possesses the following properties: average
unexpanded particle éize of about 12 um with a spread
15 of about 5-50 um; true density (expanded in water at
100°C., kg/m’), <20; TMA - T(start) °C., 125-130;

T (max) °C., ~183; TMA-density,kg/m3, <17.
The chemical blowing agent particles (with a .parti—
cle size rangingifrom about 1 pm to about 1 mm, pref-
20 erably from about 2 pm 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 as lithium carbonate,
sodium carbonate, potassium carbonate, rubidium car-
bonate, 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-
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58 added water, and anhydrous conditions are preferred.

Conditions that renove water fromthe reactants before reaction .and
~during reaction are desirable. * No speci al catal ysts are needed ~

to effect thevi’&g&h 5 but a catalyst that does not apa%%yﬂgffect'
t he .. reactrons- can be enpl oyed.. Catal ysts are needed Tn :

pol ymeri zation reactions using aliphatic i s%yanat es. The .
foregoi ng pol yurethanes and their nanufacture are described in ' _
commonl y assi gned gndi n Zap! d LAty 8 led
Decenber 6, 1994. 58 C?ﬂot ﬁcéﬂa naass of ﬁo%/v@(r}g%ér\l 8 égél%!ﬁ? I’O%I c .
agents and/ or el aslower - tgmrerasiunes: byt HACOpPOYS Eing OIQand-Fs@laé‘beXEllastoner .

phases (second phaggsgs| thh%éﬁaeranhydridego@ﬂtohhﬂg laeni 'Q%tcre'lératgﬁét ain
of these nmaterials 15 to sone finité degree,

crosslinking - lHEﬂsT—}B? ‘Pn{“ﬁértj’r‘?ér'rm%‘tltF‘E%F n°r‘€@35ﬁ a&féP°xY1R/En9°Uf
these nmateri @ s i n‘iaedlaeﬁ Va&mydﬂueeatalﬁ pwmrd I@éid,o acetic t8eid esuliti ng

t her nbset resin. - . [ arly desirable material
for this purpose, F‘X m%+%’s‘? mydcrl&?l'yrrer r%&rﬁl Rg V&5t ¥n&thard -
segnents, tlcdaehacdlsbgmmns agennhg Isokd (undéur rcheg namep rdsdegen™

i ng, crosslinking StQIRl f

el astoneric types gfgnttllgg 8#:gnct ong?l en Q’glrsc%ﬁplrmt)f) u.s. ﬁuPLQl'e' gcv(\?n}ptanly

coupl e with conpl enidimizpyalhhctihglalingg ude n‘mﬂmﬁs wliﬁﬂwnﬁnsdltvlfdﬁ,m the

desired el asigpmer 'ﬁbluene s®lfdhyAl 5&Ri dAIMMRY U1 SUpHRYIN SO d LN, 1t
non- pour abl e and tacky, ,while tou henln t he cured resin.

a class, these el a®ZAtECAE BBPS?F@?S and oFhe, dike, thay azpi rekcelianty e

t her nopr ocessabl e, mnalta\ahmdamg aﬁgentscrseimamar @ordathe pudipd et réx
resin render the r | e, a d tack

One cl-ass of sui taecrﬁ'énell ﬁn&ﬁ'gp tyg a@?%ca} askfllc'W %ggng}ﬁ%‘%}} Otl’JeqhéanE‘L "
(acrylonitrile-1, 4-gisyssti exm-‘@twrf@m)xlabim ot &the inventpohyhmeramédmats are -
typically usgg as @Qﬂ&ined SePbmOLBEht 0.1 to about 3 parts by weight,
preferably from about 0.5 to 2.0 parts by weight, of
the thermosetting resin formulation.

Low Profile Additives _
There may be incorporated into the thermosetting
20 resin formulation certain thermoplastic materials known
in the field as low profile additives. These can be
polymers of vinyl acetate, acrylics, saturated polyes-

ters, polyurethanes, styrene-butadiene and similarly
used materials.

25 Suitable thermoplastic vinyl acetate polymer low pro-
file additives are thermoplastic poly(vinyl acetate) .ho-
mopolymers and copolymers containing at least 5 weight
percent vinyl acetate. Such polymers include, for exam-
ple, vinyl acetate homopolymer; carboxylated vinyl ace-

30 tate polymers include copolymers of vinyl acetate and
ethylenically unsaturated carboxylic acids, such as
acrylic acid, methacrylic acid, maleic acid, fumaric
acid, itaconic acid and the like or anhydrides such as
maleic anhydride; vinyl acetate/vinyl chloride/maleic

35 acid terpolymer, and the 1like. Reference is made to
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59 resin systens. They are characterized as having a w de
range of properties though the preferred systens of the invention
utilize copolynmers that are high rub- ber types that, when conpared
to other copol YRRy ssapdos S this type, have a relatively | oMrfn9&bde2
strength, | ow tensil e nodul us, higher |£Pact resi stance, | ow

har dness and heat defl ection tenperature. Anot her el ast onmer that
Is found desirable are the carboxyl and am ne term nated |iquid

but adi ene acrylo- 1G.g. ni’éifédte RePO! BRI, 714Sua:rku CQPQMP?I@ &Y septadm

pen- dant carhox ups, | r of, the

structure through ti?@tlyﬁéf ‘onto 1rh?zl;lla cg §Fipti°n£a8¥ylsi°ﬂ‘eacﬂfd the t he
pol yrrerl zation or thndsgbleherimyl acetater @Io)‘tymeroﬂoworps:odfﬁlehadpénﬂm
nitrile units.  Suchyls I}Sefﬁql XJI%&E LeathtdV Soh il SRR Yodd %E.'l@ ?Bﬁlé‘fv@s

resul t, t he epox orns hard segnent ‘generatng t
tomer properti®s. ©OF marlhﬁof‘ﬁgﬁ griecuigr b‘f’%’cﬂ?‘ttshe"l’lrﬁ?ﬁ-lnastthec xAnget Wer s
i's Kraton[err ]ﬂroanvabbabl 25§ 000N theddouthanscabo ConpaivablEheseyvdnyl

t her nopl asti c rubber cl%%ﬁe so??gﬁégfand atcﬁgltfvésheég?oﬁ- =40 2 %23%8%‘&‘“

B; gggm IeeSTheyTpﬁgn;igcoQ@d t hgj Union Casb?:@ﬁ:t Ohemical c@oIPﬂ-ﬁgtlcS Téerp. ,
chem cal make-up arebag&,ur CTIhree d| screte blocks of the linear or A- B—A
bi bck copol ymble, aé?y?é?eéteghsr Ehetudhiantad easugieed bolhratar i prer o
and styrene-et-hyl enefillet yédﬂﬁe:wteysream, in géfefid,S) 1owoamblecpldry meesght
They are CharaCter' q§%¥ted ?oliﬁéggag? Qiyﬁg¥'i%gqglQgﬁéafugﬁd?gabf%ck}c

el astoneri c m dbl ock. roces ol ystyrene én
physical |y crasserenRnd| GéKPﬂ’QYJEaf?@dr E’rBBBFaF@i VRAlymessppad esaidhpe-
lymerizable esters having at least one carboxyl group
15 per molecule. Polymers 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
polyester 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-



-physi cal crosslinking is reversible on heating. Anot her

series of
the KratonO thernopl astic rubbers are the di bl ock polyne | hl
one block is a hard WD 96/ 41509 A
-PCT/ US96/ 09672 ' 60 t her nopl astic and*’
the other is a_saturated soft el as- tomer. Illustrative of.this )
series is Krat W‘%Ol, a di bl ock polyner of a hard W@W@ﬁe
bl ock and a saturated, soft poly~ethyl®ne-propyl ene) bl ock. 5 '

O her rubbers or el astonmers incI ude: (a) honopol y- nmer s

copol yners a ene vin t .avera S
mol ecul ar wei ght ofée\i%a%éﬁ o ﬁﬁiﬁoﬁ% glm?ﬁllm' gfitr? ‘gg“d’étés‘r Fﬁg‘gs Rii VT
Pat. No. 4,020, 036,oxganic diodl#i crsmesewlaﬁmdsuchn@&@dst are adipici- 11

carbon 10 at ons c e S e i 3
and the like; (b) %ﬁﬂﬁoﬁ“ﬁﬁlﬁﬁﬁcﬁ? %&é@,ﬁkﬁﬁif@ acid SR Pgerre oef 1 Wo

or nore epi hal ohydr#®f rﬂﬁ%‘rr@rlYCSP'sac%%ld be ethé!@)???re‘ilﬁﬂan déﬁltﬁéﬂoﬁ&ml n
nononer (s) Wwsth ancék/j deopentyl ngiyamdr aad thw\liikg. a nunber average

rofecular veight 1 aqdloytbSh 1erdeptykOMAREH oF0Md O H0 000

pol yrmer s i ncl udi ng hbwaﬁ#épspgifw%lfhﬂr eFrEhetaa s é@thacrylatepdlowmrg- of

chlioroprene with sukivs age{®©ived tihc’slhdmg, fol €aRAMPNS 'I?fné%é‘bbﬁ
or gani ¢ nononer wherelgyps chI onsgf?tut s*at *}east ght
percent of ¢ RETRY L R3S uﬂ‘e AGTYS a8 o PYREY I‘é\%}’&@r

scribed in Ul® Pat lakle, Mel:ﬁ&lmﬁlgryléd?, hethyt arorylate; copolymers of
| ncl uding et hyl ene/ popy] cgcAAAANGER! artfldlover alky2PUsLERLS o

et hyl ene/ propyl ene an east_one non- conjugat e i ene, acrLY ﬁcas .. '
et hyl ene! propyl ene@bifemedpacrylic agifs, ?Rﬁ‘ bERRPIamERSs, of,detlydc metdy in.-
UsS Pat. No. acryfatié lwitH mircy) sxeonugabedonk et hoke/ |ofl il GBI~S,

such lowing: lauroyl methacrylate, isobornyl methacrylate,
15 acrylamide, hydroxyethyl methacrylate, styrene, 2~
ethylhexyl acrylate, acrylonitrile, methacrylic acid,
polystyrene, 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 methacry-
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
the compositions 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

thermosetting resin, low profile additive and other re-
35 active components.



as copol ymers consisting of from85 to 99.5% by wei ght of a C4-C5
I sol efin conmbined with 15 to 0.5% by wei ght 30 of a conjugated

mul ti-olefin having 4 to 14 carbon at- ons, copol ynmers of

i sobutyl ene and i soprene where a maj or portion of the isoprene units
conbi ned t her ei {ygogia1509 have conjugated di ene-unsaturation,. FerARSEsdsRed
in U S. Pat. No. 4, 160, 759. . - V\D 96/ 41509

PCT/ US96/ 09672 : 61 Specific
illustrations of suitable elastoneric polymers are the foll ow ng:

1. Hycari CTBN liquid FrﬁéCtlloV:e ;fﬂ&liqes,adaartbeéylcaherfuncuon aﬁbﬁét%@ in
but adi ene-acrylonitri

co rre
Hycar Tm CTBNX, si ni ICQF'bf'Ba%KI ;?ttth ¥h5ﬁ5§/’“&ﬁ1 agents, af a?ntph?’é?rhal
pendant carboxyl grdmgs, cohiscitsatppl ieal the fldw RhaFacGeribtics. of the 3.
Hycar k ATBN, %@ E‘ term nat ed but adi ene- 10 acrylonitrile
copol yners sold by B. “Goodri ch. 4. K 1102-28: 72 styrene: but adi ene
| i near SBS pol¥y/ner, The thiny§almBRE Ppofhakefterized ascmemrpapradeimpany

as Kratone 1102. Opuoﬁanspx thel Fi3a: ieysbareﬂaqbt&saddeame COROL YEBHdi~
contain- 15 [ ng . % SBS %I’I bl.ack nd 80% SB di bI

Il abl e
from Shel | Chenical * RPieyeAnn: 8 himbel B Yavs, &' Band ko mpo-
st yrene: et hyl ene- butsyertGmegstrysem sue solids pol yaoutad’Cablaadf meamyShed |

Chem cal Conpany as {fEa- aze 1iquli@8 91:651.7h1szgtemper;tu§e 840 gyl alioEPest fic

43: 57 styrene-but adi ene uhber avail able from Firestone
Synthetic Rubder & E&Fé?soﬁﬁﬁaﬁﬁ 3’§d3t (,fﬂ-é‘&ﬁ non-pouxphjg and tacky. For

example, a resin that is solid and a resin that is lig-
uid can be combined to form a mixed resin system that is
non-pourable and tacky. In addition, a solid or liquid
thermosetting resin can have incorporated in it a vari-
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 temperaturé of between about
20 -20°C. to about 43°cC.®
Typical formulations of the invention are set forth
in the following tables.
A typical resin formulation comprises the following:

§ This range reflects the fact that material handling can reguire
low temperature storage to preclude premature reaction of the thermo-
setting resin system and relatively high temperatures because the
£ilm may be used on a hot factory floor.



-8. SBR 1006-random 23.5:76.5 styrene:butadiene SB 25 bl ock

copol yner rubber avail able from Goodrich Chem - cal Conpan -
Aneri pol [err] 1006. 9. SBR 1502- Random 23.5:77.5 styrene: but adi ene - 3
-rubber avai | abl e from Hul es ‘Mexi canos, or from Goodrich Rub-

ber Conpany as Aneripol[err] 1502. 30 10_. Bl endex[ err] nodifier o
resins (e.g.,WVo@§415890 311, 1336, 338 and 405) - ABSPEHUGHNET2so| d

by Gener al EI ec- tric. Different vaRieties are available and-their -3
suitability depends on the properties sought. WO 96/ 41509

PCT/ US96/ 09672 62 Addi t i onal

fl ow reductions are provided by thixo- tropi ng agents such as funed
silica. 'l ust falT VviCérponent t Nijx ial CQﬂ:ﬁﬁﬁbﬁtsare NI R&n ar ga

fumed si-licas ‘Resﬁ'i‘ organosi 1y ocked T ume rcas, an . 9.
The thin film my e EEteE | BEN ZETL PNovoDaE g{gol? ~optTorat Ty tjhe
filmmy be tacky ama wel l. ThiG1€idNtBis A epddiyt | On canf be achieved in a
nunmber of ways. fvmeyional theimopRis Fnepowysi ns are| sol i ds at about _
23[err] C. and selgghgd oto t e & ETRisgepeiey at this fenperature Both 10

ki nds of resins |dasireg nageek | 9| Pranipatedispexy and| 5-60 tacky. For
exanple, a resin [HSCOBLtE HAGK

1ot B resin thatlis liquid can be
conmbi ned to form | N system that is npn- pourabl e and tafky:
In addition, a ui t—ttret ||u5chii myTesTTcamhave—+1reotpo-

15 rated in i

T romobiphény AR FEREPET
the resin fluid n ?ﬁes ghe ;1;2) gi}ﬂ Eap rophos- 804y 1 Ng tenperatufe .-
conditions and fl j g:p Ehe | pha eand tyacgy at [ room t enperature
(about’ 15-37[err] e mulﬁfg venti1onal handling tenperatures are

defined as a tem

Wetting Agent
Selected to promote |
complete wetting of :
filler by the resin | Non-ionic Surfac-]0.0-1.0
component. - tant
Toughener -
An elastomeric ma- | ABS Polymers 0.0-10.0
terial selected to | Silicone Polymers
improve durability
Filler
Amorphous silica
particulates added | Amorphous Silica 25-90
to refine cured
CTE.
Curing Agent
Aromatic Amines,

Amine, phenolic Guanides, Novolacs, | 50-125% Stoichiome-
and/or homopolym— Imidazoles, Imida- | try, 0.01-2.5%
erization catalysts | zole Salts, Catalyst
| Phosphines.
Thixotrope

) Fumed Silica
Flow control agent | Treated Clays 0.0-5.0

Specific representative illustrations of such film fox-
mulations are the following:



20 perature of between about -20[err]C to about 43C. 5 Though

the in situ-expandabl e thernoplastic parti- cles or the solid
chem cal bl owi ng agent will render a liquid thernmosetting resin nore
Vi scous, they aI one are not effective - for making the film
non- pour able. 2%, &b the thernmosetting resin is solid, it Cﬂ,@ n-
dered |ntoaf|I %6),/ nelting the resin with heat under con I'ons
that avoid condensation or addition of the 73 resin to a thernoset
condition (C stage). I f the resinis aliquid, it can be bl ended
with thixotropic 30 agents, other solid resins and/or liquid or
t her no- This range reflects the fact that material handling
can re- quirellow tenperature dtorage to prWeight %orenat ure
reactfon of t he t her rRespprenty || ddhesiyediAdhesine | Adhesive | Adknsihe
t enper at ur es necause the filmuay Be yded & 2 t €actory P| OOJJ.
WO 96/ 41509 Epon 828 (1) 8.5pdT/ | lcu-mngz“- —
63 pl astic el potctREEEE Fi%lE *@'Zcr‘;&"%_%“rv L5 i 2 rglp a
liquid to a non-poura T — ;.%La.s.t_l.m
pol yner used in fornmihg the i i %Wﬁr(fgﬂfgﬁi‘f% Wf“é\% Ehen"’i"e
particles are readil|l y[5T.3ti%Ped5U3 F(llelimu%ﬂ of—n@tetra-s—1A
nunmber of paten[S Tcl DENLAZF 1[4} T |TANW,8CT 1.6 TOT 8Pl E 38.8
U. S. Patent No. 3,615/ 0gicienc83degs5) Ngl I [w.epdrat 1-64+ -Dy pol YREIT i ng
t he nononer of an aqugous di ¥M¥eT2l dA of (|1) dF.gan) c nB/BONErl C—--
materials suitable fof_poly®c 384 (Pbritzatjon 1o a @Berhppl8et it redihols
“material having : :l— dBYsilcal 8m5_nrpr'r Ls-*-Q (2) 3.8 Ui d-bt oW ng
or raising agent whi c:‘%ﬁ olsoldZeit actipy ~Zh lhe ===
. ‘ - I r ——— - - - oon ome -
resul ting polymer, an SCOoBIT 2008 1] =TS T E5.6 | 70.1 7.1
(11)
TS 720 (12 2.6 0.6 1.2 1.2
4,4’ -DDS (13) 5.4 5.1 3.9 f—
Dicy (14 0.9 0.9 0.7 —
BTDA (15 — —— ——— 31.4
2-MI-Azine (16) — - S 1.2
Total 100.0 100.0 100.0 100.0
$ Resin 40.3 26.6 20.3 38.8
2 Wetting Agent 0.0 0.2 0.1 0.4
% Toughener B.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:
1'(1) Bis A based 1 (5) Bis ¥ xesin, 1'(9) Silica powder, ! (13) 4,4'- !
} rasin, shell | Painippon Ink ! Malvern Corp. | diaminodiphenyl~ |
{ Chenical Co. | 1 aultona, Cibha i
3 [ |G-1g 1
r (2} Tris epoxy r (6) Epoxidized ! (10) silica pow- r(u) Dieyandia- :
i resin, Dow Chemi- I aromatic amine, | der, Harbison nl.d.e, Air Products i
1 cal Co. ¢ Ciba { Walker '
fls) Toughened ep- F]?) Nonionic sur- ! (11) Silica pow- r]15) Banzophenone :
| ©%y resin, Dow facuam:, Monsanto 'd-:, CE Minarals Dnnhyd:i.do H
| Chemical Co. i [ |
'“(4) Epoxidized ' (8) ABS toughener, .r(:l.z) Fumed silica, '—(16) Mothylimida~- !
| phenol novalac, ! Ganaral Rlectric ! cabot | sole-Asina cata- |
| Dow Chemical Co. 1 L 1 lyst )

These resin formulations are made by conventional

mixing of the components in standard mixing equipment

5 fér viscous compositions. Good results have beén ob-
tained 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-



~of that which is soluble in the polyner, and (3) a 15

di spersi on
stabilizing material that is utilized to

mai ntain the di spersion

The resulting solid spheri- cal particles have a quantity of the Ll
«l'i qui d- bl owi ng agent encapsulated in themas a distinct and separate *}
phase. 20 The thernoplastic polyners are forned by the polym ’
erization of o WA o of a vari ety of different typégﬂﬁs’gﬂ'%%yl .
nononers, such as those of the for- mul74: [err] 25 to form
honopol ynmers or copol yners, .such as random or ordered (i ncluding

bl ock) copol yners.

ln the above fornula, R err].may be, hydrogen, -
al kyl, such as net hffli,cl'jles' eg?ﬂwm%rnd ﬁ%‘?ﬂ‘ﬁ%&?'oﬂﬁg‘?‘%ﬁ%ﬁg’ sﬁﬁy‘%‘t%' R
~chlorine, fl uaniriag EgeEmntneamd vacuue, pamping etp] rempviee emtrgied ic | 3

30 cont ai ni ng rmia%_tly

b e ' o] LC. caLb .2
carbonyl oxy ester noi éty?ﬁ%a?cc?\g{%%,r gg‘ﬁg%ogﬁ%%%a% Qgrﬁbq'lr)gon%ﬁpeé‘sqlé’rg, on
carboxyl, and the |ithe visicogityaef vehefformulationWD §8/mMap0fe desirable
PCT/ US96/ 096725 to separately mix the resin &fd the curitrtbes‘%émqonafns
are those in which X[errﬁ I's aromatic con- talning, . suc as |
styrene,  o-net hyl st4cherfe casen the forgulplicRRancbe p‘g#f‘é‘tqﬁﬂ B rehanix

ethyl styrene, a-vinythe resin X}ltdN@omeeipokrtEbh0ob@StlEeBSrmulation to ef-
[err]-bronostyrene, _vinylbe chl ori

and the 11ke. " CArsofseta Fefl it dRerasd Coitiion Aok o e FRR PRER
which Xerr] is tha carimnydgemty esiderchen efopbtinel then aelyl aiepebseders -
. 10 mixes, so as to mix them all under conditions avoiding
premature reaction. Such procedures are well within

the skill of the art.
The following discussion relates to the drawings
and the figures shown therein. None of the figures
15 show true dimensions of the various components there
depicted. Fignre 1 illustrates schematically the de-
bossment of the metal foil and the compositing of it
to form the debossed laminate article. Figure 1A
shows the compression of a metal tool 13 containing
male molding surfaces 15 protruding from tool surface
17 indicative of the printed circuit pattern for a
printed circuit board onto foil 14, made. of any of a

20

variety of conductive metals such as such as aluminum,
copper, chromium, gold, silver, magnesium, titanium_,
25 - nickel, brass, zinc, and the like. Copper foil is the
most preferred. Substrate 12 may be any resilient
surface, such as rubber (foam or solid), £fluids such
as water, oil, mercury, and the like (preferably under
pressure), soft wood such as balsa, cork, a thermoset-
30 ting resin, and the like materials. Substrate 12 al-
lows for the shaping of the foil about the stamping
surface of tool 13.
Figure 1B show foil 14 shaped by tool 13 to contain
the replicating tool surfaces 15 and 17.



alone or in conbination with the alkenyl aromatic nononers may

al so be utilized. Such acryl ate-type 10 nononer s i ncl ude net hyl

met hacryl ate, ethyl acryl ate, . propyl acrylate, butyl acrylate, butyl
fret hacryl at e, propyl nethacrylate, butyl nethacrylate, lauryl acry-
late, 2 - et h)“,?pﬁ ¥go acrylate, ethyl nethacrylate, - p@IfsdehbeT i Ke.
X[err] and R err nay be a hal ogen, . such as 5 chlorine, fluorine,
brom ne and iodine, thereby to en- con{)ass the formati on of

copol yners of vinyI chl ori de and vinylidene chloride,
acrylonitrile "wth V'fw'tne embooﬁh\bﬁfléf rygﬁ% ﬁorﬂmmoaaétﬁw kasin
hal ogenat ed vi nyl onpounds. X err] a_cyanp,group and this

i ncl udes 20 pol yriklm o¥1 HeSH DR rﬁqlé-darﬁ!lq?é?trﬁﬁﬁ onnf"l‘?‘%‘ Y SPEFST

may be an oxycar bonydpfid oo Sutsdtrtel N2 \dbdye, es&ebe a solldeuawemﬂ:yé

acetate, vinyl butyrat vinyl stearate Vi n | autate, Vi
myristate, vinyl pr oPihRf%, S4AR as metal, hagpd w %’ A1 &ﬁ%’l ofP%or

speci fic purposes 23like, edhyleinic adry hensatsuppcetiogpdhyeer audbhave agnys
such as acrylic acid ne rylic t agon [ .
citraconic acid, mal eTPRYHO utsﬁéﬁ i (ﬁ‘%td ollf §ONEfoél %lasls acra.

maric aci acl

and the |ike. preprékhe ahtha@m&am%mm rr@ﬂdalté@ ilikeude De-
copoly- 30 ~ mers bésg; %hfo{fnflmso ﬁ&%&@%séar b%kemxﬁsm:m 8h! Yosi-

bl ocked copol yners) nononer s dsescrl above th a variety

of hydrocarbon nononeien techeadopesed into flb‘?lH’ne“bﬁf’eﬁéveaﬁblbéﬁéa'&?

nore di enes, §ych asjs raised so ¥RaB6£41R091 is pushed into the surface
PCT/ US96/ 09672

_ 5 .
chain acyclic dien®§ foiithldaEontpiping mﬂdinéﬁg%ﬁ?%%%, 13- Et %\?Ittgg%lgﬁ&
and the like; £1¥e byc Heolc It hswbstaatel 1@ dndndeoidudd ssn Benmomed- to
merge them and cause surfaces 15 to deboss film 11.
Howsoever that foil 14 and film 11 merge so that
15 molding surfaces 15 of foil 14 penetrate the surface
of uncured film 11, film 11 will yield to the pressure
imposed by surfaces 15. Because of the thickened na-
ture of film 11, penetration of the surface of film 11
will not radiate flow of the film outside of the area
20 of the male surfaces 15. Instead, the displaced con-
tent of film 11 will cause the remainder of film 11 to
rise, until such time that surface 17 contacts film
11. When surface 17 contacts film 11, the overall
pressure imposed on film 11 will cause film 11 to ex-
25 pand in surface area. However, if surfaces 15 too
rapidly penetrate film 11, it is possible that the
penetration will cause some small amount of film 11 to
flow, thereby cauéing film 11 to expand in surface
area.
30 From the above, it is easily seen that substrate 18
. can be a stationary surface, e.g., a platen that has
an upward and downward movement, a moving table that
follows a moving foil 14, an endless belt surface



1, 4- hexadi ene, 3, 7-di met hyl - 1, 6- oct adi ene, 3,7- 5

di mret hyl -1, 7-oct adi ene and the m xed isonmers of di- hydro-m _

di hydr ooci hene, and the liKke; * single ring alicyclic dienes’

~such as: 1, 4- " cycl ohexadi ene, 1, 5-cycl ooct adi ene, R
1,5- cIo ecadi ene, and the like; 10 * nulti-ring alicyclic -
fused and br|d ﬂﬁg di enes such as: tetrahydroinagﬁg%”mmmz i
met hyl t et r ahydr oi ndene, - di cycl opent i ene, : ' .
bi cycl 0-(2, 2, 1) - hept a- 2, 5-di ene, . al kenyl , al kyl i dene, cycloalkenyl i
and cycloalkylld e, por bornepne ch _a met hy| ene ornene'ﬁ
5 0 O o wbpe SoEoLRORBORRE R U AoRR BRI 20 a0 bignene

nor bornene, 5-i sopibky|axkearegememdishor nene, 5-(4-

| 1)-2-norb - .
g%g fﬁg”f?%) nor Oﬁi}g\%‘e h1o5sﬁ ﬁéoﬁﬁéyhﬁfﬂﬁé of the metQi?r??}{]i‘e 20

erno astlc used rn form
si t u- expandabl e thuiﬁbpﬁ%h9$iﬁ¢nﬁQHﬁﬂC§§ ye@h%Q¢QQaln resxnaﬂelmrkwn

condensation type pol yiRESreSHERI RSP SB¥iture as sRoftn BFYhoHs Gip radn%lﬁs

pol yest er fron1po|yeth | ene terepht hal ate; Kevl ar err] pol yaran1de
pol ycar bonat es P?VES ZBoFﬁat(ErE khe Iemale (GOFFRTRANdentS, fomale
carbon- 25

ate)) ;surfpekyanyg.at egn tl'(z\sl Zembodip@ny, HiAm?-Dishs. 41'dhe-
oxyphenyl ) propane tere

such as Utem pol y?&vﬁggteg%nae?e;@) pr°9°mng[an%% 1 whi 9€eri‘l?r5n

4,108, 837), such as ddsbel, can haveaadyRadqbcfsaJm]onAsdaﬁ ashthat of a fiber
oyl bor sl [ 9es (S8l Sl prdBres °H H¥acpfaf0l Tyl % Mot
polyarylanldelnldes,féhnﬂ¢r scrim, BdT%hﬁ(iﬂxgrr] and the like.
96/ 41509 The foils are typlcallfQHlHS%@/eQ%§73f metal with a
06 thickness usually thinner than about 2 mils (0.00508
cm.), preferably not exceeding about 1 mil (0.00254
15 cm.), more generally not exceeding about ‘0.1 mil
(0.000254 ocm.), frequently, not exceeding about 0.02
mils {(0.0000508 cm.) and on some occasions, as thin as
about 0.001 mil (2.5x10™° cm.). The foil sheet can be
made by thermal vapor deposition or cathode sputter-
20 ing, or by milling the pure metal. The foil sheet 14
can be made directly on a tool surface by vapor depo-
sition of the metal onto the tool from which it can be
released.
Curing of film 11 can take place when foil surfaces
25 15 and 17 have penetrated the contiguous surface of
film 11. In such an embodiment, the assembly of foil
14, £film 11 and substrate 18, as shown in Figure 1C,
can be placed in an oven and with foil 14 contiguous
with film 11. While in the oven, the viscosity of
“30 film 11 is reduced, and this allows debossed foil 14
to readily penetrate film 1l1. Thus foil 14 and film
11 are pressed together so that the pattern of sur-
faces 15 is debossed into film 11. The composite is
heated to effect geliation or incipient gelation or

WO




A wide variety of blowing or raising agents may be I ncor por at ed
within the polynerization system They can be volatile
fduid-form ng agents such as aliphatic hydr ocar bons i ncl udi ng et hane,
et hyl ene, propane, pro- 5 pyl ene, butene, isobutylene, neopentane,

acetyl ene, wJWﬁglﬁ hept ane, or m xtures of one or nore 5#@205%
phati ¢ hydrocarbons having a nol ecul arr wei ght of a | east and a

boi l i ng point bel ow the range of the sof teni ng point of the resinous
mat eri al when sat u- rated with the particular blow ng agent utilized.

her o {2 114 o g bt e sy 4 i i

such as those descr ] i hes
21-30) and tetraal kylfrom thej puers andcicapiedet It hyeseitsmnes shown in

trimethylethyl 15 = miggeeip tini BEldarboseREORY! wheh 86bodll £diIMiis N
propyl sil ane. As pointed out in_thi S patent, the poi nt of

such foam ng agents RMRAAISEHHBy ifdim 11' “ﬂ'té’ssftﬂlé diagdd 96@°X55ugot-he e

tenperature range or fo:Ll 14 bmernbbaaoﬁis@us(ﬁtmeagepegehtpf théCadieSd I\RLS
mat e- 20 rial enpl ts _su

Freons[err], such as ratite 9 | %Hnbrﬁfl %8?8%%?‘26 ,bo %rgéhiggﬁs to; Him

as n- . pent arlg,. 1f pmtmei,esitred- genflange foil a2k, ini edmtatie, with

azodi carbonani de are & g'%y skggeshed gkﬁ%gg:ggﬁ%l ngtshbJegg_gg rtl%et ese

types of in situ-expanda particles. Yy, e-unexpa
particles contain fr®hraddng action 3=°t Femevet g lndingm - thep| o ngula@ecms

s pointed outygn U Se PRLpt 1h. 4,897 299¢a0d - 23, leavifll CALAUIST &

1983, the particle size of the unex- 30 panded particles, as we
t he expanded mi crospiieeyes 20 of the \Poﬁsyl\mam printed ¢1%¢eitsiheard.orag he

unexpanded PaHowsl & mguf:angs. f ﬁi@ra&se, wheed ﬂbsgytzit PN 1 OFt

about 1 mm preferably from abo to ab e
version of in situ-expa %’é‘fﬂveesp;%% c]Pg]s"ano ‘aesiZable to Pit a Telease

agent on all of the surface of foil 14 that is con-
15 tiguous to film 11. In this case, in a preferred em-
bodiment, it is desirable to print the contiguous side
of foil 14 with a pattern of the release agent coating
that corresponds to the pattern of surface 23. In
this way, foil 21 can be wiped from the surface of de-
20 bossed film 11, as shown in Figure 1D, in much the
same way that unglued gold leaf is removed in making
gold leaf finished signs, to cbtain the PB pattern of
Figure 1E. Abrasion of bonded metal foil from the
non-grooved and non-cavity surfaces of the cured film
25 11 may be effected by standard sanding belts or wheels
and high pressure water streams. In this respect,
reference is made to Figure 53 and related description

as appears in copending application Serial No.

, fEiled on even date herewith (Attorney’s
30 Docket No. HY031). '

The use of debossed foil 14 in making the printed
circuit board can serve, as indicated above, the func-
tion of transferring a metal conductive film into the
grooves and sockets for chips and other peripheral
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67 sol d under the nane Expancel[err], by Nobel Industries

Sweden, Sundsvall, Sweden (U.S. address: Marrietta, GA 30062) .
They range in unexpanded particle size from about 5 pmto about 50 " ¥
pm The particle dianeters ex- 5 pand 2 to 5 tines. Preferably,

the in situ-ewg‘s%e particles used have a m xed partlcle size of

wi de spread to & e the best packi®g, on expansi onPCT/HS96{q672
syntacti c nol ded f oam Aparticularly preferred in.

Si t u- expandabl e 10 ﬁg ticle is ag& 9‘5 h is believed

to be a ter F&E cﬁ°"\?°ﬁ’ﬁ' i t %DyPOnlt 58 aRoPo-

met hacrylonitril e aenta rmang Be)- &Blm-gﬁunr%ctsedpew the condwetelveanstiilm '
possesses the foll (Ml B9 Pl 9§8&é§e§nda§’%@% §f 6he ngxpanded particle size 4

of about 12 pmw th™a spr of a pnt frue density (expanded
in water at 10@adenferingg/oheer ¥¢gin <ZormMition ( disard ) dpeirilcle

125-130:; Th
chori ol b OWI g a’WR) (Lartlg]l %ﬁé chYR- q‘irﬁd Yos&H EﬁZ invention. '€

91‘ wth ag}m Sl ze ranglngfrom.
about 1 pmto about hP.-SmﬁS ﬁfléﬂStZGted inr ydlfﬁvbkﬁ%outl\szsbﬁwnolabé’mg 0.5 -

mm that can be  ure INCOLROER! €d 8T 3chBAREERI §1208¢PAGAM Cof Ok dageAROS -
tions that typical Ié}/a(deconpose at a particular tem erature to

generate a vol ati | nto% f%lendarln@aésé&‘aﬁieéPg%eﬁ-lﬁlor naheon
in the thernosettinghéfiddetting math‘S.bcn reslﬁymahlaaﬂéﬂaﬂéed bw%sgféaents

i ncl ude the mmoni,um car.bon bi car bo al k nmet al
carbonates ahd bica %oﬁé?esr% gi lit %r’rﬂ?giﬁopﬁt ate "ca e’é%ﬁ ufFells
carbonat e, potassi uspacedomsdet taebtlh uleciared thlckdeelsatoe thesifdim 37.
carbonate, lithiumdbic dizum opat p

bi carbonat e, rubi. d|#m gl cgj%t'&abig 1k é& prQééfééJ o2 % e ‘1%,%3?,&-_!8%, to

cesrum bi car of
t he carbonates and avoid db'ﬁ@énsormte@naséfl\elfh-las 3 x@ﬁt@% @prmhtlankm
et al formofoifig @arbonpbess agd RiaSArHONAL €8 widfHES%iGR: rolls
| 15 generating more throughput and narrower rolls provid-

ing more control over film thickness from edge to
edge. Because this invention is concerned with films
of essentially uniform thickness from edge to edge,
and front to back, it is desirable to use calendar
20 rolls that are less than about 60 inches wide. A con-
venient width is about 40 to about 48 inches. Manu-
- facture of £films meeting the specifications of this
invention are easier at those widths. The distance
between rolls 31 is maintained by a force balance (not
25 shown) between the hydraulic pressure pushing on the
roll and the off-setting matrix fluid pressure acting

in the opposite direction to the roll
Once film 37 is formed, it is frequently desirable
to reduce the matrix resin viscosity in the £film.
30 Temperature reduction of £film 37 reduces viséosity
that reduces flow within thé film and thus helps to
preserve its dimensions. This may be accomplished by
passing film 37 over one or more chilled rollers 35.

If used as chilled rollers, they are typically inter-
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68 bonat es and bi carbonates can be made to deconpose at | ower
temperatures by incorporating organic carboxylic acids and acid
anhydri des bl ow ng agent accel erators into the fornulation. Suitable
organi ¢ carboxylwgoggmed - ids and anhydrides are citric aci dpcpgRédgesaCi d
and anhydri de, nmaleic anhydride,- Therg,are a variety OF

chem cal bl ow ng agents sold under the nane ogenf[err] (Naugat uck
Chem cal Division of U S. Rubber Conpany (Uniroyal)) that include

tol uene sul fonyl hydgaziecodfled vigl YaRerna! aa)elatﬁ mear%
5- phenyl tetraazol e, myj coazodl gar bonamnée fz:i'n e ? th @gﬁgures

excel | ent chefr el akpwini OFF -adent abast t%ﬁ?Fer @Fefﬁéabwpéls@s about
t he invention. The q\@ q:l bimggl@,@ent %ggﬂcrangl gl?w eno % &g iip?the

formul ati ons of thelnventlon I N anpun roma
about 3 parts by vveng#m; any Sagpn-eﬁembliizldwmﬁabbet r@sint smarAxpar t Bhéy
wei ght, of g f@%tﬂer%-m&sng ﬁﬁs'&éﬂéﬁu' 2hbONEi1m,  indrRWsE' Ognbée

Addi ti ves ere na be i ncof por at e nto the t erm)settln
resin fornul ati on cefesdim & h@ﬂ-ﬁﬁﬁ‘ésﬂO@uﬂrﬁﬁerﬁQﬂl §hphowesin flOWnltShed¢T el d

as |ow profile addi téf:@fh%ed éEtwsglmndmenslonal ra,Qlaysrm&%yoflsvwhtaiﬁééte
acrylics, saturated ID es- rs, palyurethanes, r ene- but adi ene

and similarly rré"t°é’rf13P§at28n of Figyrearfe Fﬂ%i%ppéstmadf ey
acetate polyner |ow v.p&:lﬂ.ized as fal ectaddied ves1raE, tlaergﬁm@stjdlmgl yfuot nyl
acetate) ho- Yolo]| and copol rs con n| n east 5 I ght
per cent vi nyl *8cet atag? géﬁ'}/er? poPYTHRPEET n %g‘égr for “3%% erpl &s V?‘ﬁyl
acet at e honopol yner ,smchoxylmledhandyingac&}onveﬁlence.t atrelpals;rrepaperncbude

copol yers of vinyl ERANE 0fh., polysBhMEN ALY YISEA" TASE snown)

carboxylic acids, suc , I'C a
acid, fumaric mayche, aprddedi ctacthe aﬁﬂtﬁh@el |3Pééféf=eanmfdrf¥il@s 3lch
as MRl ei ¢ anfus | 6061y BYkr OSSR idBHle GRINY,J/ITBESirf a 35and-
acid terpol ymfr and the |ike. Reference_is nmade to

wiche constructlon. Continuous density measurements

are taken at point 39 and physical areal weight meas-
urements taken at point 41. Feedback from both of
these measurements may be used to adjust the gap be-
tween the nip rolls 31, thus controlling thickness.
20 Thickness control may be enhanced by use of statisti-
cal prgcess contrel to indicate when nip gap adjust-

ments are required.
Figure 3, which relates to a prior art process for
making flat board PB’s, describes unrolling glass fi-
25 ber fabric from fiber glass fabric roll 111, passing
continuous sheet 113 of glass fiber fabric into resin
trough 115 via guide rollers 117, over guide roller
119 and under guide roller 121. The number of guides
' shown is symbolic and not necessarily indicative of
30 how the resin impregnation step is specificall§ car-
ried out. Trough 115 contains sufficient A-stage
thermosetting resin to allow the desired impregnation
of the fabric. The fabric withdrawn from trough 115
is fed through squeeze rolls 123 set to nip fabric 125
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69 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 sui t abl e vi nyl
acetate ‘pol yner low profile additives. The useful vinyl acetate -

pol ynmer | ow prof| | e add| tives 5 ordinarily have nol ecul ar wei ghts

wi thin the rand¥08¢4150 from about 25,000 to about 175, 000. PCRUS6AST2 ~

pol yvi nyl ° acetate low profile additivessare LP-40 and LP-40A that
are sold by Union Carbide Chemcal & Plastics Corp., Danbury, CT. 10 -
Sui tabl e t hernopl asti ¢ saturated po ter | ow pro- file additives

are, in general, lo I Sr g)d%/ £ resin thetriy yndrbrae 125,

pol yneri zabl e | i nearcontdiningyd-stage theeﬁésé&:aﬁ_;d easbayy| 8¢ edesnt woat ed
polymers and said p

carboxyl group 15 %Iﬁg?:eﬁnllziﬁfqgr éf%o’fe%/ I8 eorf qﬁénggrfaa}ﬁl}?:gi%é%ﬁ Fed

esters . i ncl udivey cprildex ywodfled p@l9ynmasthauealugran3avemﬂga:heﬁm adver
| east” one carboxyl gQraWR REJ11eR! gyl e thaty ccord ce '3
with the present |n$en;&|%on are those wh?fgh PRI osse’sslpa uce s $Bsi ty -8

of at |east about 0.the Hnptage regipf eﬁabnyt#-a'eed adRuthat 1'6h¢ othéouw st
higher. The pre- ting re®ihe¢nPehyFEs Ssroéetcncslsl Cﬁ%@&ﬁsbé‘i’rﬁ?& {&dyged

Vi scos- ity of about 0.2 to_about ernopl asti c
sat urated pol yners otta9ehet®sifrd/ oPreprey fabrl‘&lﬁ}ée%"ste?% élse gpdidedc en
and the carboxyl at edcskliar 135 to cbanedtﬁsﬁ efsLiangel Irhksn@!@paee Eélsfhc
t hernopl astic aatu ra%_ed po émers aﬁ Bgart culzgiigﬁ é
prepared front 13)stPon 2&aft oPEREHHES , SHATEOechn aBBBud
enpl oyed as | oheed oindiovighhlt isheets 1Rdf.er eThosy af@rthmnphperm—
made to U. S. Patent 7 r - +30 cr' tions

: Sed %édﬁ%yest e?ﬁ\qt:i Qggeﬂ' gré QLarrg.%até lay ug c-

of thernoplastic saturated
ture 143 containing copper foil on the outside top and

bottom surfaces of the multiple superimposed prepreg
- 15 sheets. The lay-up structure 143 is inserted into *
laminator 145 comprising a platen press eontaining up- .
per heated platen 147 and lower heated platen 149.
With pressure and heat, typically around 350°F., the B-
stage resin is cured to form copper clad laminate 151.
20 [See footnote 1 above] Laminate 151 is trimmed and
sized to form finished laminates 153 that are then put -
into packages 155 and shipped to the PB producer.



fi;l e additives and carboxyl ated ther rrbpl astic saturated pol yest er
| ow profile additives prepared fromcyclic es- rs. O her

t her nopl astic saturated pol yesters tharrmgesyﬁg HASIBEENI} as | ow profile

addi tives are those based on con- R\éﬂ_ﬂ@ﬁgllSO

PCT/ US96/ 09672 woesiarses ~denpéin@imesr2
products of, prinarily, dicarboxylic acids ang1 : organi¢c drolfs. Some
exanpl es of such diacids are adipic aci d,

_ _ _ i sopht hal fng sR&k Has Been Replaced
terephthalic acid and the |ike and such glycols coul

glycol, diethyl gly-gpaims:col, neopentyl glycel and the Iﬂwnumun!mm]
Also suitable in certain aspects of the invention are

pol yal kyl acrylate or nethacrylate |ow pro- file additives including,

for exanple, honopol yner s mfmethod ﬁ&tmakmmiathagrw ahape&tiaatalrefbﬁmahate
butyl methacry- 10 | at e

met h ate
copol yners of a B | LIRAPRS %yf’gfzgr da?%v@?g%#ﬁﬁﬂa dé}étlgf’gkbf: 5PRYT ¢
and net hacryli8 aci ctsqsamirrg)pnégarrerﬁihﬁ bhayérw | angdt florming anaadiikaieewt h
mnor 2Tounts of oney s dpt Sadlpdle Eobgrming kOO u GLOHS epcn-
met hacryl at e st yriemlly Xhe shape etfhyhﬁemﬂal ai:¢-yl athd.ch &omplra)aeb'rsue
- nmethacrylic acid, gLy SR s{ n JoTelelel r CRan-2as
sty- rene/ but adf r?e copolévrrers ing a?%sgoré%et at egylro%t §urfa§é' Bon
al kyl ene oxi de pol yne#ining gl Wpeaﬁ@dt Hergdng th¢| Rbaped sur-
Vol ecul ar wei gbt of tiee bl ACsBIce Ooe MehBaGiekal foll iNEd eiRPLYFELS
useful in the invention ranq_(i from 10,000 to

ar
1, 000, 000 and pr ef er &Bt ?%?’H reby o %Sfﬁﬁ‘b e S‘EﬁFBdOG" to assume es-

sentlally the shape of the surface, separating the

metal foil from contact with the surface and putting
the shaped metal foil in contact with a surface of a
15 thin uncured and ungelled thermosetting resin f£ilm,
impressing the foil into the film surface without sig-
nificantly altering the shape of the foil and causing
the film surface to deform and assume the shape of the
feil, applying conditions to the f£film such that the
20 film assumes a set condition and the foil is -adhe~
sively bonded to the £film.
2. The method of claim 1 wherein the foil is de-~
bossed with a tool containing a raised electrical cir-
cuit pattern thereon, which comprises the step of im-
25 pressing the tool onto the foil layer surface thereby
causing the foil layer to be debossed by the raised
electrical circuit pattern on the tool.
3. The method of claim 2 wherein the debossed
laminate is subjected to conditions that effect one of
30 near-gelation, gelation and cure of the attached resin
film and adheres the retained pattern of the metal
foil layer in the resin layer of the laminate.

LR O 0 T



.25 Ur et hane polymers tThat can be errpl oyed in this inven-
tion, alone or as mxtuththn '\ﬁ‘ﬂ 8w profile addi-

broadly structured and s n be
<No. 4,035,439; EP 74- 746

The Iow pr of i Il ves may usual Iy be '
conposi tions ﬁof%g‘%?nvent lon in pr
wei ght percent, and preferably from

und in U S Patent _'
LtBEEN | 4, 421,894, 30 - '

B0 pstrteenegm,

5 to 20 wei ght- percent,

based upon the total weight of t hernosetting resin, low profile
addi tive and other-r cti VEe C nent s WO 96/ 41509
PCT/ US96/ 09672 eq 3'Fhe me@h gfg)'%\efg' whe:.?elln the lamina a9 ow

profile additive chmrthexthemted dioe effeth one or monbi nfit core varnd mddter
t hi ckeni ng agents, ‘?% e H %k%‘t‘.tached %eélqg ﬂq_R\TI‘I butor to the flow
t

characteristics of he thin filmmay be a
characterized as non-Pour Thee: method ofgsliadmald ywhetrirf | the npattsrn aky as

wel I. This c@ndi- the tooll 8BmpAlsd¥ ambtisawad dihed m@serc}ﬁfra%xé 2148y
t her no- setting resins are solids_at about 23C. and nmany o%

themare |iquids atPt¥tectifd Sigreit o8& Fhei nds of 10 - resins can be

made fluid non-pourabgge armhet akdthod d‘_ﬂ)l’clalm 3 eNergie, tﬁergstﬂeﬁmabnl S o
solid and a resin

t d.t
resin systemthat F:Ea tod1 cﬁﬁ'ﬁrbﬂﬁ?aﬁﬁ?%ﬁﬁf{] g’rﬂic/o rbensga‘iﬂ% ré@égiﬁgl dor-

liquid t her enselécugicakigircanithefeaiPRoOrporated in i't a vari- 15
ety of diver materi gl s 4 '&pd the,r
non- pour abl eﬁgt convezfl or;fa‘fbahanj 8{] te'iaelr“gt'l;J §hkDein the &Eﬁgﬁ% 8Ad

f1 ui d non- pour abl e thed tp@ékwomrﬁéem ﬁ@hPSSEd fln?)elall%# eChqmrle7

C). Convent i onalagphaRdbt B9chEMtircuit ofPgrBguUres are defined as a
terrperature of " bet vveeré about

The method of claim 5 wherein the electrical

circuit pattern debossed in the foil comprising one or

15 more of grooves, cavities, channels, ridges, sockets
and plateaus.

9. The method of claim 1 wherein the dielectric

thermosetting resin film layer has controlled-flow and

exhibits flow under pressure at a temperature below

20 the near-gel and gel temperature of the thermosetting
resin.

10. The method of claim 2 wherein the d:.electric
thermosett:.ng resin £ilm layer has controlled—flow and
exhibits flow under pressure at a temperature below

25 the near-gel and gel temperature of the thermosetting
resin.

11. The method of claim 3 wherein the dielectric
thermosetting resin film layer has controlled-flow and
exhibits flow under pressure at a temperature below

30 the near-gel and gel temperature of the thermosetting
resin.

12. The method of claim 4 wherein the dielectric
thermosetting resin film layer has controlled-flow and

exhibits flow under pressure at a temperature below

e
S
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20 -20[err]C. to about—43ferrjC—— Typi cal fornulations of the-
I nvention are set forth'ThEShﬁE qml%%hOMAng t abl es. A typi cal

resin fornulation conprise Thi s
range reflects the fact th ndIMHﬁ'HﬁﬁeﬁgﬂLlre | ow

t enper at ure St Q4@ st pre _ e r3ERLACHD of tlhe t hepFPus
setting resin system and relatlvely hi gh tenwﬁratures because the
filmmay be used on a hot factory fl oor. WO 96/ 41509

PCT/ US96/ 09672 72 - Conponent

Typi cal Conponents ¢he ngaggéeéﬁﬂﬁﬁbgel BefigbPaturd’ of ¥hd!M €he Hhosdliting

Novol ac Epoxy and Bi S A epoxy
resin.

13. The method of claim 1 wherein the surface of
the dielectric thermosetting resin film layer that is
5 opposite to the surface that contacts the debossed
metal foil is adhesively bonded to a supporting layer.
14. The method of claim 2 wherein the surface of
the dielectric thermosetting resin film layer that is
opposite to the surface that contacts the debossed
10 métal foil is adhesively bonded to a supporting layer.
15. The method of claim 3 wherein the surface of
the dielectric thermosetting resin film layer that is
opposite to the surface that contacts the debossed
metal foil is adhesively bonded to a supporting layer.
15 16. The method of claim 4 wherein the surface of
the dielectric thermosetting resin £film layer that is
opposite to the surface that contacts the debossed
metal foil is.adhesively-bonded to a supporting layer.
17. The method of claim 1 wherein the supporting
20 layer comprises a fabric.
18. The method of claim 1 wherein the supporting
layer comprises a thermoplastic polymer. '
19. The method of claim 1 wherein the supporting
layer comprises fibers.
25 20. The method of claim 2° wherein the supporting
layer comprises a fabric.
21, The method of claim 2 wherein the supporting
layer comprises.a thermoplastic polymer.
22. The method of claim 2 wherein the supporting
30 layer comprises fibers. '
» 23. The method of claim 3 wherein the supporting
layer comprises a fabric.
24. The method of claim 3 wherein the supporting
layer comprises a thermoplastic polymer.

N
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functi onal resins Bis F epoxy selected to give a Tris epoxy desired

IeveI of Brom nated epoxy 5-60 vi scosity tack and gl ass

transition t enper at urhis SheetHasrB;e :‘. t c 1 Filler(s) that 4
Decabr onpbi phenyl enha I:é‘HEﬂi i&s- 0- 40 L
ret ar dancy Ofnﬁ QR&@ RERLAGEYy Agent Sel ected to
pr onot-e ? tti ng o ~er by~tThe resin Non-i onPCI/USISHOIET2C -
0.0-1.0 conponent . t ant TougheneB4 An el astoneric ma- ABS
Pol ymer s 0.0-10.0 terial selected to Silicone Polynmers _
| mprove durability Ll le Anpr phous . particul ates added
Agr phous Silica 25550 rrhf’ome?g?gn(?% c&ﬁr"g‘d?’ Whereih" the supportiggE,
Curi ng . Agent layer comprises Aibemsic Am nes, Am ne, phenolic
Guani des, Novol acs, 59125 ' .and/ ar honopol ym L
| m dazol es, | m da- trQ6 (ﬁ' 9@@)%8”‘8& x an o(r% cﬁeglefrgt gk‘\éolsélpgglrﬂ%f‘g
Cat al yst 13Yer Comprlﬁﬁfﬁogpﬁﬁhétc- Thi xot r ope
Funed Silica s Fl onpgont nele @R
Speci fic representative illustrati o%g gfeg}%ﬁ' ﬁaxﬁ}ereln ehd 3 R r&r‘@gare
the fol'l ow ng: ayer comprises a thermoplastlc polymer.

28.

The method of claim 4 wherein the supporting
layer comprises fibers.
29. The method of claim 1 wherein the electri-

cally conductive metal foil layer is deposited or
wrought foil and has

10

an uniform thickness between‘
about 0.1 mil (2.54x%10™* cm) to about 20 mils (5.08x10°2
cm); varying *10 percent for deposited foils and 5

percent for wrought foils.

15 30. The method of claim 2 wherein the electri-
cally conductive metal foil layer is deposited or
wrought foil and has an uniform thickness between
about 0.1 mil (2.54x107* cm) to about 20 mils (5.08x1072
cm) ; varying +10 percent for deposited foils and #+5

20 percent for wrought foils.
31. The method of claim 3 wherein the electri-
cally conductive metal foil layer is deposited or

wrought foil and has an uniform thickness between

about 0.1 mil {(2.54%x107? cm) to about 20 mils (5.08x1072
25 cm) ;

varying 110 percent for deposited foils and 5
percent for wrought foils.

32. The method of claim 4 wherein the electri-
cally conductive metal foil layer is deposited or
wrought foil and has an uniform thickness between

30 ~ about 0.1 mil (2.54x10™* cm) to about 20 mils (5..08x10'2
cm); varying 10 percent for deposited foils and 5
percent for wrought foils.

i
-

* [ L M S *



WO 96/ 41509 PCT/ US96/ 09672
73 Wi ght %
Conponent  Adhesi ve Adhe ghié 8hedchie BlanRepld@hesi ve

éactlx ?42 (2) wo,ﬁmsagg 7[“‘“1' |||l“un| IIlEpOSHﬁﬁaiKSLBEEN 8.5

EPLACED Vi dht % permsesnsszz
Conponent . Adhesi ve Adh A&%?HAH?————— A B
C D Tactix 695 (3) : DEN 438 (4)
0.8 21.6 16.4 38.8 Epi cl on 830S (5) 5.6
My 721 (6) 5.034. T Snethod of clalmpp #whéfe{r) the d.].electric,O 2
0.1 0.4 Bl endex 311 S & 5.0 3.
Novacite 550 (9) resin,£ilm has a nlmpedqggqgfc$fgfs that is at kﬁqgt
Teco-Si| 200F equal %% €Ghat dP.the foid7film bonded to it. - (11)
TS 720 (12) 2.6 0.6 c2e s .2 . . 4' - DDS
(13) . 5 4 3§..1 The m?:l’god ofl' Cclaim 2 "l]"-eff%%, ?kﬁl)dleleéf!n& 9
0.9 0.7 resin film hB$DAn(Gfjmpeded thickness th&i.ils at least
2-M - Azine (16) ' . . Tot al
100. 0 100.0 STfdo§ thart gh e foil f'hg‘ bonded to dbsin  40.3
26. 6 20.3 3868 The method \uf t¢laimg@nwherein tige 0dielectri: 2
8-% 0.4 re§1£ Fﬁlﬁ)ﬁﬁgggﬁnﬁﬁlmpeded Bﬁfékness thgichs at lé%é%
%;Thixotrope esuyal to thag @f the folzfllm bonng to 1t ‘Not es:
(1) Bis ﬁ Ffism (5) 3Bi.s FI‘III(@Smchocli (&8 Sldias panefem('a&) glél]hectrlc
resin, She Dalrnelse.%or%lllnm has al'\x/aur\lln.mpeé:oc{ Fgzlxz.ckness tﬁm: n.{)s I£ enélast

equal to that of the foil film bonded to it.

38. The method of claim 29 wherein the dielectric
resin f£ilm has an unimpeded thickness that is at least

15 equal to that of the foil film bonded to it.

39, The method of claim 30 wherein the dielectric
resin film has an unimpeded thickness that is at least
equal to that of the foil £ilm bonded to it.

40. The method of claim 32 wherein the dielectric

20 resin film has an unimpeded thickness that is at least
equal to that of the foil film bonded to it.

43. The method of claim 34 wherein the dielectric
resin film has an unimpeded thickness that is at least
about 1.2 times thicker than the thickness of the foil

25 film.

44. The method of claim 35 wherein the dielectric
resin film has an unimpeded thickness that is at least
about 1.2 times thicker than the thickness of the foil
film.

30 45. The method of claim 36 wherein the dielectric
resin film has an unimpeded thickness that is at least
about 1.2 times thicker than the thickness of the foil
£ilm.
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tenperature chosen ftﬂﬂ%arlable dependlng on the viscosity of the .
formul ation. kt may b%ﬂes'fﬁéﬂrﬁ‘e&od 4 é&ea%{ 3gehsheFet nt Qﬁer A5kl %Ef'lé he

curing agent. In such a case, the formnulation may be divi
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48, The method of claim 39 wherein the dielectric

10 resin £ilm has an unimpeded thickness that is ét least
about 1.2 times thicker than the thickness of the foil
£ilm. -

49, _The method of claim 40 wherein the dielectric
resin film has an unimpeded thickness that is at least

15 about 1.2 times thicker than the thickness of the foil
£film.
50. The method of claim 1 wherein the thermoset-

ting resin is isotropic. :
51. The method of claim 2 wherein the thermoset- _:§
20 ting resin is isotropic. _
52. The method of claim 3 wherein the thermoset-
ting resin is isotropic.

53. The method of claim 1 carried out as a batch
process.

25 54. The method of c¢laim 2 carried out as a batch-
process.

55. The method of claim 3 carried out as a batch
process.

56. The method of claim 4 carried out as a batch
30 process. )

57. The method of claim 1 carried out as a semi-
‘continuous process.

58. The method of claim 2 carried out as a semi-
continuous process.

I

A



premature reaction. Such procedures are well within t he

art. The foll ow ng di scussjon [T-=] h I%
tthe figures shown therein. None of th Tﬁ@%‘;\g &@pr true di nensions
of the various wospeents there depi ct Qure 1ill petruosdamer
schematically the de- bossnment - of the getal foil and the conpositing
of it to formthe debossed | ani nate artlcle Figure 1A

shows the conpression of a netal tool 13 containing 20 mal e nol di ng
surfaces 15 protrudi ng sfor.om oI metiiddaasf claim 3 Tcamdiediatdute £ 4 heemi-
printed circuit patt for printed circuit board onto foil 14,
made of any of a °nr%l\?é1r°f‘ne3t§r°?e%%hductlve nmetal s such as such as

al um fum copper60.chriha umthpsl dbf stlader 4 eapmsidimutt idsam usems

ni ckel , brass, zinc,, nturg,gs ggcesgopper foil is the nost
preferred Subst rat any resilient surface,. such as
rubber (foam ot solid), 63'-1‘I UI s’ﬂ% od of cigzimpgilercarsied putca@sy,a apent he
li ke (preferably und8muous proBésgssure), soft wood such as bal sa, cork, a

t hernoset- 30 t|n96re5|n and the like materials. ,Substrate 12 al -

is Sheet Has Been Reﬁlaced

10 m xes, so as to mx themall under conditions avoidin U“{I“"IHH I

| ows for the shaping of 2-he Tt | metReR Pﬁecéf‘éﬁp?néj“r ed out,as;& €917 ool
13. Fi gurteidxﬁush@\mf:esk 14 shaped by tool 13 to contain

the replicating tool s ace, 7 . 96/ 415

PCT/ US96/ 09672 Lg3f ’fhe1 89190& of cla:.m?g \é\grrleé %I RS 1, con-
enbodi ment of10Fi gur &inDousherpoeesti ng resin film1ll rests on solid
substrate 18, which mMaygCOorrgge me hoépQEd ?91 uRstLat e&Z apove, or &E_a
solid unyi el di ng surface such as ard moo StIC and°the 5

li ke, or which can BdnuohspsPceay- Iayer and have any
65. The method of claim 1 wherein either the sur-
face of the metal foil that is to contact the thermo-

15 setting resin film, or the thermosetting resin film
before contacting the metal foil, has printed on it a
release agent coating that replicates the non-raised
portion of the raised electrical circuit pattern which
is to be debossed into the foil-resin composite.

20 66. The method of claim 65 wherein the printing
may be effected by a release agent deposition step ef~-
fected by transferring release agent from

a) transfer sheets to the metal foil film, or
b) through screens to the metal foil f£film, or
25 c) by application from rotogravure rolls, to the
metal foil film. .
67. The method of claim 1 wherein the resin film
contains, as its major ingredients,
(i) a thermosetting resin that advances in molecu-

30 lar weight without forming a significant volatile by-

product and
{(ii) a flow control component.
68. The method of claim 67 wherein the resin film
‘has
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Jconposition such as that of a fiber glass resin '@lls eet Has Been Re; laced
thernopl astic polyner, and the |iKke. De- bossed f0| I ” ll“l““lm '
superlnposed over film211l, in posi- tion to-bete

dor to have substrate 10 12 rai séd spTHISaSHERT HAS BEEN \pushed into

surface ' 14 contai ni ng no{ di ng t AOERS 15 A
tively, - both su%gﬁﬁaé% 12 and foil 14 &an UCEE:FIPUVEU TO %W% and = 73
cause surfaces 15 to deboss film 11. 8 Howsoever that f0|I 14 and
film11l nerge so that 15 mol di ng surfaces 15 of foil 14 penetrate the

surface of uncure)d ;1 ang_%lm} al.rhgl ]%bv%‘,le%l gggghggt%{mo gg&# ? T’?n

i nposed by surfaces 15a ecause

11., penetration of the 3bP¢acd5®f mils m(about 0.0G234 emtteagbeek Pk 6IS of
the filmoutside of the 2nfa a0 calcOlatdte PR €HEf aeeghiSof keﬁ&a@!uxhhe
di spl aced con- % of fjlm211l wll cause the remainder of film1l
to - rise, until RTt 2 n& YHaP 8Rf f ace 17 contacts film - 11_.

When surface 57 cont aclb)svvﬁ,ﬂ:hnmlllimmmgndv@aaihum thicknesess unat iegpeeadngn

filmi1l will cause film }ihel Gef¥ation fac‘E’@f‘dséﬂ" f%ﬁﬁ:ﬁaf:‘? 38 3, However,

I f surfaces 15 too rapidly penetrate film1l, it 1s p055|blethat
t he penetration wll cause sone smafeble®int of film 1l to
flow, thereby causing film 11 togmﬁm)
From the above, it is easily [SEEn T hako SUDSIT al E £IB mil (x0.0025acmye | A
stationary surface, e.g., a glaten_thea 1has 1 2 aflsupryagodosng) gownward .
novenent, a noving table that 10 ¥pP¥bws a hoving fipkes 14  anjendl ess .
belt surface vh ooy £lwwoat a broad temperature range; ’
PCT/ US96/ 09672 - d) the ability to cure, 6@1, or neathgk®, fall i S .
part of a continuous strip, and the arrangenents.

10 peratures from about 200 o about 250°., in

less than about 7 days and more than 1 second;
and

e) a low dielectric constant in the thermoset 'state. :
69. The method of claim 68 wherein the thermoset-
15 ting resin film employs as the flow control agent one
or more of:
i) one or more electronic grade fillers;
iia thermoplast'ic 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
thermosetting resin matrix; and

iv)a thixotrope.
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Figure I D shows the I aminate of the netal foil 21 w t h debossed
surfaces 20 enbedded in resin film11l. 5 The resulting structure as
shown Figure 1D contains grooves 20 that are the female ,
correspondents to nal e surfaces 15. In this enbodinment, film1ll is
adhe- Si Yo Yrhgpded to supporting layer 18, which in trgéi case,
can have any conposition such as that. of a fiber 10 gl ass regﬁﬁaﬁv reg,
a thernopl astic polyner, a woven faligc, scrim and the Iike.

The foils are typically thin sheets of netal with a t hi ckness usual ly
t hi nner than about 2 mls (0.00508 cm), preferably not exceeding
about 1 ml| (0.00254 15 cm), nore generally not exceeding about
0.1 ,ml (0.000254 cm), frequently, not exceedi ng about 0.02

mls (0.0000508 cm) and on some occasions, as thin as about 0.001
ml (2.5x10[err]cm) p—-ort e ey13hernal vapor
deposgition or cathod he pure netal .

<

The foil sheet 14 Jmade A ‘ od) surface by vapor
depo- sition18 the netal1®nto the tdd frpm which 1% can be
r el eased. »;-uiﬁ-:ur"-‘rﬁ':'.a-ﬁ.‘mﬁ‘ AV AL i davan, gl oi | surfaces 25
15 and 17 have penetrated the contiguous surface of film21l1l. In such
an enbodi ment, the gSK€e i N N d12ubstrate 18, as
shown in Figure 1C, C 1 M\a th foil 14
cont i guous with film11. e 1n the oven, e viscosity of 30
film1ll is reduced, and this alloigbegb053f9\foil 14 to readily
penetrate film1l. Thus foil 14 &n sl M 11 are pressed together
so that the pattern of sur- faces 15 is debossed into film1l. The
conposite is heated to effect gellation or incipient gelation or
WD 96/ 41509 PCT/ US96/ 09672
77
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FIG. 1B
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“total cure of film211l. The conposite is then renoved fromthe oven
“and cooled. This results as shown in Figure 1D in a conposite in

~whi ch -debossed foil 21 is enmbedded in film21l, with foil Iined .
grooves 20. If 5 foil 14 does not contain a rel ease agent, the adhesive

nature of fil ci-ously bonds foil 21 -to film

desired to |923%ﬂ?%$?§21 in contact with film1l1, thenpghﬁgk@@h505|te
may be subjected to an .. abrading actpgg to renove foil fromthe top
surfaces 10 of film11, i.e., surfaces 23, leaving foil 21 in

grooves 20 of the resulting printed circuit board, as shown in Figure
1E. In the case where foil 21 is left in grooves 20, it is not
desirable to put a rel ease .agent on all of the surface of foil 14
that is con- 15 tiguous to film1l. |In this case, in a preferred em
bodiment, it is desirable to print the contiguous side of foil 14
with-a pattern of the rel ease agent coating that corresponds to the
pattern of surface 23. In this way, foil 21 can be w ped fromthe
surface of de- 20 bossed film 11, as shown in Figure 1D, in nuch the
same way that unglued gold leaf is renoved in nmaking gol d | eaf
finished signs, to obtain the PB pattern of Fi gure 1E. Abr asi on of
bonded netal foil fromthe non- grooved and non-cavity surfaces of the
cured film 25 11 may be effected by standard sanding belts or wheels

and hi gh pressure water streagg In th|20respect 20 2ieference is made
to Figure 5A and relhm;p dsﬁ, a 2 'n copendi ng
application Serial ngaIe herewi t h
(Attorney's 30 D0‘ ddBossed foil 14
in making the printep ridi cat ed above,

t he func- tio ilminto the

grooves and sockets for ChIpS anq:Q(ger pr1:PheraI

20 23 2023 23 23 23
11

FIG. 1E
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‘tircuit conponents affixed to the PB. These conpo- nents can be

sol der-connected to the conductive film in the grooves and sockets of
t he PB. Cal endaring the resin fornulation is a desirable 5 way
of maki ng the {dgmideb ™ used in the invention. This | $ed t ed
in the dr.aw ngs. ﬁ&i%%omn in Fig- . ure 2, whichis a sc%gEG%#ﬁh&ﬁ
illustration of a cal en- daring line®yfor calendaring a shapeabl e
film The thernosetting matrix resin fornulation feed 33 is fed 10
tonip rolls 31. Nip rolls 31 are calendar rolls spaced apart to
the desired thickness of the film 37. It is desirable in the practice
of the invention to avoid drawi ng action of film 37 after formation
by rolls 31. Rolls 31 may vary in width, wider rolls 15

generating nore throughput and narrower rolls provid- i ng nore
control over filmthickness fromedge to edge. Because this
invention is concerned with filns of essentially uniformthickness
from edge to edge, and front to back, it is desirable to use cal endar
20 rolls that are | ess than about 60 inches wide. A con- veni ent
width is about 40 to about 48 inches. Manu- fa@ure of filns
neeting the specifications of this i nventijon are easier at those

wi dt hs. The di stance between rolls 31 i4 naintained by a force

bal ance (not 25 shown) between the hydraulic gressure pushing on the
roll and the off-setting matrix fluid pressure aqting in the
opposite direction to the roll Once filjm 37 is formed, it is
frequently desirable to reduce the matrix jresin viscosity in the
film 30 Tenperature reduction of film37 jJreduces viscosity

that reduces flowwithin th ilmand thus helpsijto preserve its

di rensions. This nmay be ac | i shed by dassing film 37 over one or
nore chilled rollers 35. If used as chillgd rollers, they are
typically inter- ~
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81 Cl ai nms 1. Anethod for lamnating a shaped netal foil and a

st hin I sotropi c uncured and ungelled dielectric thernosetting resin 5
Hfilmlayer and form ng an adhesively joined | anm nate conform ng at one
surface to essentially the shape of the metal foil which conprises
super i nposi ng woYgAxkeeg t ool containing a surface contai Q.EF@FM?“?@”
desired shape and forcing t he shaped surface and a surfacC nmet al
foil into 10 intimate contact to deformgpg netal foil to assune
essentially the shapes of the surface, separating the netal foil from
contact with the surface and putting the shaped metal foil in contact
with a surface of a thin uncured and ungel l ed thernosetting resin film
which resin filmcontains, 15 as its najoil2i/ngredients, (zi a
t hernosetting resin that advancgs—Trofecurar] wei ght //wi"rﬁﬁu Qorrri ng a
significant volatile byproduct, |and 131
129\ s 141
125 ,;
\ B f |
113 123 153 | {135 ;

111

155

FIG. 3
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20 (p#)- a flow control conponent capable of |ari

di #€nsi onal | y shaped debossed foil, in which t e%@%
a) an uni.form areal thickness ranging from abogit =1 kunishout pages 0 Pagks

cal cul ated fromthe weight of resin filmfor a{ HPuwiegG)armaed .= to paged

LAGEMENIoSHEETS | SG
Pon hpaged Mo paged /S

82 . b) minimm and naxi mum thic'ﬁ.’l"agse Dn&S&awce:qzﬂga@,,:,ttb%a ed =

deviation factors set forth in Table A TABLE A - Range in Mgls

2De V!'?t"on":%&mzmy oF $uEOIRVENTION = - 1| DATEIOFSREEEIPr T-12-1998
mls e e N R N

According to the invention there is provided a method for

5 laminating a shaped metal foil and a thin isotropic uncured

and. ungelled dielectric thermosetting resin film layer and
forming an adhesively joined laminate conforming at one
surface to essentially the shape of the metal foil which
comprises superimposing a shaping tool containing a éurface
10 containing the desired shape and forcing the shaped surface
and a surface of the metal foil into intimate contact to
deform the metal foil to assume essentially the éhapes of the
‘surface, -'-sepa-rat-ing- the metal foil - from contact with the
surface and putting the shaped metal foil in contact with a
15 surface of a thin uncured énd ungelled thermosetting resin

film, which resin film contains, as its major ingredients,

" (i) a thermosetting resiﬁ_ that advances in molecular weight
without forming a significant volatile byproduct, and
20 |
(ii) a flow control component capable of laminating a three
dimensionally shaped debossed foil, in which the resin fiim

has

25 a) an uniform areal thickness ranging from about 1 to about
250 mils as calculated from the weight of resin f£ilm for a

given area;

This is the replacement sheet |
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10 t 0250 20% c) low flow at a broad tenperature range;
155 - d) the ability, to cure, gel, or near-gel, at tenperatures from
about 20[err]C to about 250[err]C, in |ess than about 7 days and nor e
than 1 second; and 20 e). a low diel ecypic constant in the thernoset
state; wherein the flow control agent 1s one or nore of: ) one
or nore electronic grade fillers; 25 1i) a thernoplastic resin that is
soluble or partially soluble in the thernosetting resin,;. : :
83 b) minimum and wmaximum thicknesses not exceeding the
deviation factors set forth in Table A
5
TABLE A
Range in Mils Deviation Factor
10 1 to 5 + 1 mil
5 to 10 + 2 mils
10 to 250 + 20%
15 c¢) low flow at a broad temperature range;
d) the ability, to cure, gel, or near-gel, at temperatures
from about 20.degree. C. to about 250.degree. C., in less
than about 7 days and more than 1 second; and
20
.e) a low dielectric constant in the thermoset state; wherein
the flow'control agent is one or more of:
i) one or more electronic grade fillers; ii) a thermoplastic
25 resin that is soluble or partially soluble in the

thermosetting resin;
iii) an elastomer-type polymer that provides discrete

This is the replacement sheet
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iii).an el astoner-type polynmer that provides discrete el ast oner phases
in the thernosetting resin matrix; and iv) a thixotrope; inpressing
the foil into the filmsurface 5 without significantly.altering the shape
of the foil and causing the filmsuy %ﬁce to deform and assune the shape
of the foil, applying conditions to e filmsuch that the film
assunes a set condition and the foil is adhesively bonded to the film
10 2. The nethod of claimwherein the foil is debossed with a t ool
cont ai ni N9 A S SR Shikieh OB OhS AR hd NN macripisal comr i ses
t he step of° I Mpr essi e tool onto the foil | ayer surface t her eby
causing the foil layer to be debossed 15 by the raised electrical circuit
pattern on the t ool . 3. The nethod of claim2 wherein the debossed
lam nategi Sjv) a SUPIEEREHE 0 Ciaipstiddsiiy Wl fefifledntonehel fikar sgefateon,
gel ation and cure of the attached resin filmand adheres the 20 retained

pattern of ihehsomt akibgiilfilanely ralteriresi theaytape ofHf thee faid nahd.
causing the film surface to deform and assume the shape of
the foil, applying conditions to the film such that the film

assumes a set condition and the foil is adhesively bonded to

10 the film.

This is the replacement sheet
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4, Tbe net hod of claim 3 wherein the lamnate is heated to

or. nore of cure and post cure of the attached 25 resin film

ef fect one

84 ~ 5. The nethod of claim2 wherein the pattern on the tool _

conpri ses enbossed fine lines characterizing an el ectrical circuit of a

PB. 5 6. The nethod of claim3 wherein®he pattern on the tool '

conpri ses enbossed fine lines characterizing an el ectrical circuit of a

PB. 7. The nethod of claim4 wherein the pattern on the tool 10

;%nprlses gnb0ﬁsed fine lines characterizing an el ectrical circuit of a
: . The metjod of clai.m5 rein_th I rical _cirgujt .

pattern debossed in S Ot Yet i%ggaf gnéooﬁhgnﬁgggfggkng of 'hateri-

10

15

20

25

30

als and their. combination to produce a thin foil-
laminated adhesive dielectric thermosetting resin film
and the conversion of it by a mechanical debossing
procedure to impart a debossed and/or embossed printed
circuit pattern directly thereon. This invention is
used to form a thin film PB or any other fine line
circuitry elements that avoid CTE mismatches. The in-
vention also relates to the formation of a PB from
these components. _

More particularly, this invention relates to a
process for compositing a shaped metal foil containing
a debossed elect;ical circuitry pattern and an uncured
and ungelled thermoseﬁting resin film and forming an
adhesively joined composite conforming essentially to
the shape of the metal foil. The process comprises
placing a shaping tool with a surface possessing an
embossed electrical circuitry pattern, as described in
the prior art, and forcing the shaped surface and a
surface of the metal £foil into intimate contact
whereby to deform the metal foil to assume essentially
the shape of the surface. The shaped metal foil is
separated from contact with the surface. The sepa-
rated metal foil is placed in contact with a thin un-
cured and ungelled thermosetting resin £ilm. It is
forced into the film without significantly altering
its shape. This causes the film to deform and assume
the shape of the foil. The ambient condition associ-
ated with the film in contact with the foil are such
that the film assumes a set condition and the foil is
adhesively bonded to the film.

This invention relates to the use oﬁ a thin iso-

tropic thermosetting resin film that is amenable to

This is the replacement sheet
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15 greooves, cavities, channels, ridges, sockets and pl at eaus. 9. The
nmethod of claim 1 wherein the dielectric thernosetting resin filmlayer
exhi bits controlled-flow and exhibits flow under pressure at a
tenperature bel ow the near-gel and gel 20 tenperature of the thernosetting
resin. 10. The nmethod of «claim 23 wherein the dielectric
thernosetting resin filmlayer exhibit controlled-flow and = exhibits

fl ow under prespa{@gat a tenperature below the . 25 near-gel and gel
tenperature of T The tThernosetting resin.

85 11. The nmethod of <claim 3 mhereto the dielectric
thernosetting resin filmlayer exhibits controlled-fl ow and exhibits

f1 ow under prepsusemathadt eaﬁenaﬁyﬁstb@éoav érli@ped mé'@éil £611 2 g€lthin
tenperature of the thernosetting resin. . The nethod of claim

4 wherein thesogkepgetiihéured and.ungelled.dlelectrlc thermosetting resin
5 film layer and forming an édhesively jdinéd laminate
conforming ét one surface to essentially the shape of the
metal foil which comprises supefimposing a shaping tool
containing a surface containing the desired shape and forcing
the shéped surface and a surface of the metal foil into

10 intimate contact to deform the metal foil to assume
essentially the shapes of the surface, separating the metal
‘foil from contact with the surface and putting the shaped
metal foil in contact with a surface of a thin uncured and
ungelled thermosetting resin film, which resin film contains,

15 as its major ingredients,

(i) a thermosetting resin that advances in molecular weight

without forming a significant volatile byproduct, and

20 (ii) a flow control component capable of laminating a three
dimensionally shaped debossed foil, in which the resin film

has

a) an uniform areal thickness ranging from about 1 to about
25 250 mils as calculated from the weight of resin film for a

given area;

This is the replacement sheet
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t hermpsetting resin filmlayer exhibits controlled-flow and exhibits

flQw under pressure at a tenperature bel ow the near-gel and ge
tenperature of the thernosetting resin. 10 = 13. The nethod of claim1l
wherein the surface of the - dielectric 8hernosetting resin filmlayer
that is opposite to the surface that contacts the debossed netal foi
S adhesi vel y bonded to a supporting |ayer. 15 14. The net hod of
claim2 wherein the surface of the dielectric thernosetting resin film
| ayer that isbdppsdmiauwg and t maxdgupgcdhigknesaasac et hexrensding el
foil is adhesi vel y honded to a %uggorting | ayer. 20 15. The met hod
of claim3 wher¥LAtERE fGCreEe &ett herth 1pi dpBEPrAc thernosetting resin
filmlayer that is opposite to the surface that contacts the debossed
metal foil is adhesi vely bonded to a supporting layer. 25
5 TABLE A
Range in Mils Deviation Factor
1to5 ' + 1 mil
10 5 to 10 ' + 2 mils
10 to 250 + 20%

c) low flow at a broad temperature range;

15
d) the ability, to cure, gel, or neér—gel, at temperatures
from about 20°C to about 250°C, in less than about 7.days and

more than 1 second; and

20 e) a low dielectric constant in the thermoset state; wherein

the flow control agent is one or more of:
i) one or more electronic grade fillers;

25 1ii) a thermoplastic resin that is soluble or partially

soluble in the thermosetting resin;

This is the replacement sheet
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86 .+ 16. The nethod of claim4 wherein the surface of the dielectric
thernosetting resin filmlayer that is opposite to the surface that -
contacts the debossed netal foil is adhesi vel y bonded to a supporting

| ayer. 5 17. The method of claim 1l wherein the -supporting |ayer
conprises a fabric. 18. The method of claim 1l wherein the supporting
| ayer 10 conprises a thernoplastic pol yneg3 19. The method of claim
1 wherein the supporting |ayer conprises fibers. 15 20. The net hod
of claim2 whedé)n e slpptomergtypeer polymeanprtless piahides discrétle
The nethod of claim2 wherein the supporting |ayer conprises a

t her nopl ast i cepakyowmer phases in the thermosetting resin matrix; and

iv) a thixotrope; impréssing the foil into the film surface
5 without significantly altering the shape of the foil and
causing the film surface to deform and assume the shape of
the foil, applying conditions to the film such that the film
assumes a set condition ahd the foil is adhesively bonded to
the film.
10
2. The method of claim wherein the foil is debossed with a
tool containing a raised.electrical circuit pattern thereon,'
which comprises the step of impressing the tool onto the foil
layer surface thereby causing the foil layer to be debossed

15 by the raised electrical circuit pattern on the tool.

3. The method of claim 2 wherein the debossed laminate is
subjected to conditions that effect one of near-gelation,
gelation and cure of the attached resin film and adheres the
20 retained pattern of the metal foil layer in the resin layer

of the laminate.

4. The method of claim 3 wherein the laminate is heated to
effect one or more of cure and post cure of the attached

25 vresin film.
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20 ¢ 22. The nethod of claim2 wherein the supporting |ayer conpri ses

fibers. . 23. The nethod of claim3 wherein the supporting | ayer 25
conprises a fabric. 87 24. The
met hod of claim 3 wherein the supporting |gyer conprises a

t her nopl astic pol ymer. 25. The nmethod of claim 3 wherein the
supporting |ayer the GREPROSCSEN I 2 wherdfn thR rﬁim&f ofi! #h&@ 400l
wherein the supporting |ayer conprises a fabric. 27. The net hod

of | claim 4 whespmppibhe ErnbiddddFiyelines @naﬁabaehalhbera@mélaﬁﬁxclcal
polyner.
circuit of a PB.

5 6. The method of claim 3 wherein the pattern on the tool
comprises embossed fine lines characterizing an electrical

circuit of a PB.

7. The method of claim 4 wherein the pattern on the tool
10 comprises embossed fine lines characterizing an electrical

circuit of a PB.

8. The method of claim 5 wherein the electrical circuit
pattern debossed in the foil comprising one or more of

15 grooves, cavities, channels, ridges, sockets and plateaus.

9. The method of claim 1 wherein the dielectric thermosetting
resin film layer exhibits controlled-flow and exhibits flow
under pressure at a tempetature below the near-gel and gel

20 temperature of the thermosetting resin.

10. The method of claim 2 wherein the dielectric
thermosetting resin film layer exhibit controlled-flow and
exhibits flow under pressure at a temperature below the

25 near-gel and gel temperature of the thermosetting resin.

This is the replacemant sheet

DT —

= 7 DEC 1998



28. The nmethod of claim4 wherein the supporting |ayer conpri ses

fibers. 15 29. The nethod of claim1, wherein the electrically
conductive netal foil layer is deposited or wought foil and has an
uni formthickness between about 0.1 m| (2g34 x 10[err]cm to about 20

mls (5.08 x 10[err]cm); varying 10 percent for 20 deposited foils and 5
percent for wnquahtofgll $rethog SF-  Figifet hpd gﬁeﬂeébm %H@erﬁié‘}]éé'?ri
nmet al S ght fol

el ectrically conductive tal foil layer eposited or wrou

and has an  ¢HdYrdydR it KRGS @i%%ﬁ%%xﬂiﬁiﬁ@'c&ﬁt%l%ec}%ﬂ%&%%ﬁ%

25 to about 20 mls (

10[err]cm; vaxHiMidd BebwenindéeF presdepesidiedaf otémperst droereadiv fohe
wr ought foils. 31. The nethod of claim 3 wherein the electrically
conductive  near-gel and gel temperature of the thermosetting resin.

12. The wmethod of c¢laim 4 - wherein the dielectric
thermosetting resin film layer exhibits controlled-flow and
exhibits flow under pressure at a temperature below the
near-gel and gel témpei'ature of the thermosetting resin.

10
13. The method of claim 1 wherein the surface of the
dielectric thermosetting resin film layer that is opposite f.o
the surface that contacts the debossed metal foil is
adhesively bonded to a supporting layer.

15
14. The method of ciaim 2 wheréin the surface of the
dielectric thermosetting resin film layer that is opposite to
the surface that contacts the debossed metal f£foil is
adhesively bonded. to a supporting layer.

20 |
15. The method of claim 3 wherein the surface of the
dielectric thermosetting resin film layer that is opposite to
the surface .that contacts the debossed metal f£foil is
adhe.sively bonded to a supporting layer.

25

This is the replacement sheet

* c L M S * )

Date: = 7 DEC 1398



5 netal foil layer is deposited of wought foil and has an uni form
t hi,ckness between about 0.1 m | (2.54 x 10[err]cn) to about 20 mls
(5.08 x 10[err]cm; varying 10 percent for deposited foils and +5
percent for wought foils. 10 32. The nethod of claim4 wherein the
electrically conductive metal foil layer is deposited or wought foil
and has an uni form thi ckness between ahQgut 0.1 ml (2.54 x 10[err]cm
to about 20 mls (5.08 x 10[err]cm; rying 10 percent for '
deposi ted foiI an per fo Qught f0| 33._¢he rre
ctai m 1 vher o'F nng; ERREBPR. FE IR ' Whdzeid) the  RURERSE, BneceS
that is at o] | 0, 34.
el%%tﬁ? Vc\’f]%her}?ﬁos%ftt&faglg §r£ Eiid! i&%&? g4 L.I% o}_:gosn:% 8

The et hod of erern I'c’resin

g“' mpeded thi Q:Iﬁ%es§é\?f%tcé S 3t eadhtego¥dl thRe! PAbbBEsed HhBEaLOl Eoli! Mg
onded to it.

adhesively bonded to a supporting layer.

17. The method of claim 1 wherein the supporting layer

comprises a fabric.

18. The method of claim 1 wherein the supporting layer

10 comprises a thermoplastic polymer.

19. The method of claim 1 wherein the supporting layer

comprises fibers.

15 20. The method of claim 2 wherein the supporting layer

comprises a fabric.

21. The method of claim 2 wherein the supporting layer
 comprises a thermoplastic'.-polymer. |

20 |
22. The method of claim 2 wherein the supporting layer

comprises fibers.

23. The method of claim 3 wherein the supporting layer

25 comprises a fabric.
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89 . 35. The nmethod of claim3 whereinthe dielectric resin film has
an .uni npeded thi ckness that is at |east equal to that of the foil film
bonded to it. 5 36. The nethod of claim4 wherein the dielectric resin
film . has an uni npeded thi ckness that ig7at |east equal to that of

the foil filmbonded to it. 37. The nethod of claim 29 wherein the

dielectric resin fihdn nRHos 8p WidmRedsd wHdkdires tHehabuppodt ihgastapapal
to that of the foil filmbonded to it. 38. The net hod of claim 30

wherei n the d&g{nﬁgg_gég aetherfan[mstichpslymeuni npeded thickness that is at
| east equal to that of 15 the foil filmbonded to it.
25. The method of claim 3 wherein the supporting layer

5 comprises fibers.

26. The method of claim 4 wherein the supporting layer

comprises a fabric.

10 27. The method of claim 4 wherein the supporting layer

comprises a thermoplastic polymer.

28. The method of claim 4 wherein the supporting layer
comprises fibers.

15 _
29. The method of claim 1, wherein the electrically
conductive metal foil layer is deposited or wrought foil and
has an uniform thickﬁess between about 0.1 mil (2.54 x 107%cm)
to about 20 mils (5.08 x 10'2cm);.varying +10 percent for

20 deposited foils and +5 percent for wrought foils.

30. The method of claim 2 wherein the electrically conductive
‘metal foil layer is deposited or wrought foil and has an
uniform thickness between about 0.1 mil (2.54 x 107%cm)

25
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39. The nmet hod of claim 32 wherein thé dielectric resin film has an

uni nmpeded thickness that is at | east equal to that of the foil film
bonded to it. 20 40. The nethod of claim 33 wherein the dielectric
resin film has an uni npeded thi ckness ggat is at- | east about 1.2 times
t hi cker than the thickness of the foil film 25

90 41. The JTeihog 0k oCh@iIB 3fs YT 21 A o-Nan)di SVae1hS 588 BeideMt fodas
an uni npeded thlckness that is at |east about 1.2 tines t hi cker than
the thickness d%botsll%édﬂlﬂoﬂé rand +5 pAtentEoreiehdit Faailm.35 wherein
the dielectric resin fil has an uni npeded thickness that is at |east

about 1.2 tines ) thlcker than the thickness of the foil film

31. The method of claim 3 wherein the electridaily conductive
5 metal foil layer is deposited or wrought foil and has an
uniform thickness between abdut 0.1 mil (2.54 x 107*cm) to
about 20 mils (5.08 x' 102%cm); varying +10 perCeﬁt for

deposited foils and 15 percent for wrought foils.

10 32. The method of claim 4 wherein the electrically conductive
metal foil layer is depoéited or wrought foil and has an
uniform thickness between about 0.1 mil (2.54 x 10*cm) to
about 20 mils (5.08 x 1072%cm); varying +10 percent for
deposited foils and +5 percent for wrought foils.

15
33. The method of claim 1 wherein the dielectric resin £ilm
has an unimpeded thickness that is at least equal to thét of

the foil f£ilm bonded to it.
20 34. The method of claim 2 wherein the dielectric resin film

has an ﬁnimpeded thickness that is at least equal to that of

the foil film bonded to it.

25
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43. The nethod of claim 36 wherein the dielectric resin film 10 has an
unlnpeded thickness that is at |east about 1.2 tines t hi cker than the
thi'ckness of the foil film 44. The net hod of claim37 wherein the
dielectric resin film has an uni npeded thi ckness that is at |east about
1.2 times 15 thicker than the thickness of the foil film 45. The
nmet hod of claim 38 wherein the dielectric resin film has an uni npeded
thickness that is at |east about 1.2 tinme&° t hi cker than the thickness
of the foil film 20 46. The nethod of claim 39 wherei:n the dielectric
resin film 35.HEReamethpApedegleamcRnubereis the siqleghrisaasin £idimes
thi cker than the thickness of the foil film 25 47. The met hod of claim
1 wherein tHeas @R mmw%drfe@rﬁkmgss that o’c—ﬁ‘ A cLeper Saahd rdthaid 9k

carri ed out |n bat
? 1l flfm bonded to it.

5 36. The method of claim 4 wherein the dielectric resin film
has an unimpeded thickness that is at least equal to that of

the foil film bonded to it.

37. The method of claim 29 wherein the dielectric resin film
10 has an unimpeded thickness that is at least equal to that of

the foil film bonded to it.

38. The method of claim 30 wherein the dielectric resin film
has an ﬁnimpeded thickness that is at least equal to that of

15 the foil film bonded to it.

39. The method of claim 32 wherein the dielectric resin film
has an unimpeded thickness that is at least equal to that of

the foil film bonded to it.

20
40. The method of claim 33 wherein the dielectric resin film
has an unimpeded thickness that is at least about 1.2 times
thicker than the thickness of the foil film.

25
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91 > 48. The nethod of claim2 wherein the thernosetting resin is

I sQtropic wherein the nethod is carried out in batch node. 49. The
met hod of claim 3 wherein the thernosetting resin is 5 isotropi c wherein
the nethod is carried out in batch node. 50. The nethod of claim1
carried out as a batch process wherein the method is carried out in

bat ch npde. 10 51. The nmethod of claing® carried out as a batch process
wherein part of the method is carried out in continuous node. 52. The
met hod of cl4i mBheanetkddoof abaim B cthgreaiesshe diettextatic pagdiroffilke
method is carried out in continuous node. 15 53. The nethod of claim1
carri ed out hamsaahatohmpededsthickneser Ehatpdist asf liewe tmelioadt ils 2c drimesd
out in continuous node. 54. The nethod of claimcarried out as a

seni - cont i nuelybcked phavetbe thickness of the foil film.

5 42. The method of claim 35 wherein the dielectric resin film
has an unimpeded thickness that is at least about 1.2 times

thicker than the thickness of the foil film.

43, The method of claim 36 wherein the dielectric resin film
10 has an unimpeded thickness that is at least about 1.2 times

thicker than the thickness of the foil film.

44. The method of claim 37 wherein the dielectric resin film
has an unimpeded thickness that is at least about 1.2 times

15 thicker than the thickness of the foil film.

45. The method of claim 38 wherein the dielectric resin film
has an unimpeded thickness.that.is at least about 1.2 times
thicker than the thickness of the foil film.

20 |
46. The method of claim 39 wherein the dielectric resin film
has an unimpeded thickness that is at least abdut 1.2 times

thicker than the thickness of the foil £ilm.

25 47. The method of claim 1 wherein the thermosetting resin is

isotropic wherein the method is carried out in batch mode.
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55. The nethod of claim2 carried out as a sem -continuous process
wherein all of the method is carried out in conti nuous node. 25

92 56. The nethod of claim3 carried out as a semi -continuous

process wherein all of the nethod is carried -out in cont i nuous
node. 5 57. The nethod of claim4 carried out as a sem -conti nuous
process wherein all of the nethod is carrP&d out in cont i nuous node.

58. The nethaod of .claim1 carried,out as a ¢ontjnuous process 10 wherein
AT of the nEhodhes MEEO@ToRIaiR ¢oRBERELRSER deherthosetEhng THRS 1R Hh

9f claim 2 C%EQE%%ﬁ¥g:ﬁ%%f%f%p%%bn%ggﬁod is carried out in batch mode.

49. The method of claim 3 wherein the thermosetting resin is

5 isotropic wherein the method is carried out in batch mode.

50. The method of claim 1 carried out as a batch process

wherein the method is carried out in batch mode.

10 51. The method of claim 2 carried out as a batch process

wherein part of the method is carried out in continuous mode.

52. The method of claim 3 carried out as a batch process

wherein part of the method is carried out in continuous mode.
15

53. The method of claim 1 carried out as a batch process

wherein part of the method is carried out in continuous mode.

54. The method of claim carried out as a semi-continuous

20 process.’

55. The method of claim 2 carried out as a semi-continuous
process wherein all of the method is carried out in
continuous mode.

25
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process. 15 60. The nethod of claim3 carried out as a continuous

process. 61. The nethod of claim4 carried out as a continuous
process. 20 62. The nmethod of claim 1l wherein either the surface of

t he metal foil that is to contact the thernosetting resin film or
the thernosetting resin filmbefore contgeting the netal foil, has

printed on it a rel ease agent coating that 25 replicates the non-raised
~portion of i rpisafechedt bECellaim 3Cidagiileddditerde Wi SBmi Scbht PAucus
debossed into the foil-resin - conposi.te.

93 63. Throgdwd wiferdin M2 wed eithet heephod! | 4 Merkeed out in

continuous mode.

5 57. The method of claim 4 carried out as a semi-continuous
process wherein all of the method is carried out in

continuous mode.

58. The method of claim 1 carried out as a continuous process

10 wherein all of the method is carried out in continuous mode.

59. The method of claim 2 carried .out as a continuous

process.

15 60. The method of claim 3 carried out as a continuous

process.

61. The method of claim 4 carried out as a continuous
process.
20
62. The.method of claim 1 wherein either the surface of the
metal foil that is to contact the thermosetting resin f£ilm,
or the thermosetting resin film before contacting the metal
foil, has printed on it a release agent coating that
25 replicates the non-raised portion of the raised electrical
circuit pattern which is to be debossed into the foil-resin
composite.
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effected by a release agent deposition step effected by transferring

rel ease agent froma) transfer sheets to the nmetal foil film or b)
through screens to the nmetal foil 5 film or c) by appllcatlon from
rotogravure rolls, to the metal foil film

93

63. The method of claim 62 wherein the printing may be
effected by a release agent deposition step effected by
transferring release agent from a) transfer sheets to the
metal foil film, or b) through screens to the metal foil
5 film, or «e) by application from rotogravure rolls, to the

metal foil film.
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separated metal foil (21) is placed in con-

ting resin film (11). The process comprises
the film without significantty altering the foil shape. An optional support layer (18) may be bonded to the film.

debossing a metal foil using a shaping tool
with a surface possessing an embossed cir-
cuitry pattern, as described in the prior ast.
The foil (21) is separated from the tool. The




