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This application is related to copending U.S. pat- 5 ent applications
Serial No. 08/474,929(Attorney's Docket- No. 4236) ‘Serial No.
08/ 474, 439( Attorney's Docket No. 4237) Serial No.

08/ 483, 342(Attorney's Docket No. 4238) each of which was filed on
even date heVeRAHES 10 Brief Description O TRETURSA83I8oN

A thin thernosetting resin isotropic filmthat is anenabl e to being
subj ected to a debossi ng procedure that inparts a printed circuit
pattern thereon with m ni mal DEBOSSABLECFUEMSENt preci sion for
eventual ly 15 generating a printed board or a tool for nmaking

printed boards. ; ;Bgckgr!ougd Tg The | nventi on
The term "printed board" ("PB") i a general term

for conpl etely procetisiedd apphicaticn -i20relateglitto oropEridingd WS. nsat-

confi guratigns. rigid or flexible boards (organic or
ceram c) anéé si n- ert Alﬂﬁ li'%et%"onaoubl e, and multilayer printed boards.

A "printed wi rlsrg}rll?dam (OPV\!S?)" 928 (At otrext’ soDocketPBo. 4236) It is
a board with only pri 444N NaQ! BEIE?IPQBQRA%n%SSPDQCQEEt N8”54zgoar

"printed circuit board’ is another
with printed-on conporiéii@ladio. 08/483eBf2 IAtrrnaY S0 DeGkRE Eennééﬁﬁbns
In the foll owi ngeach of d@S@h RhsOHileal 6k c8¢én tdatRBrerewitAl ended to

encom pass PWB' s arhd 'S, 3Q A typical PBis a flat board
that hol d&¢%hi ps and ﬁ%ﬁmm board is made

of fi- ber gl assr;mm n’tnémdsétlem@s eé&mglseﬁr@pi@rrfﬂme thatl lis
i nt erconnect s co Llr?a onduct ITE g "debossi g/ cp
typical resins u ktf?'ng e 5?” JSF ed t o ebossing procedure

that imparts a printed circuit pattern thereon with
minimal loss of debossment precision for eventually

15 generating a printed boara or a tool for making
‘printed boards.. '

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

a general term for completely processed printed cir-
20 cuit or printed wiring configurations. It includes
rigid or flexible boards (organic or ceramic) and sin-
gle, double, and multilayer printed boards. A
“‘printed wiring board (‘PWB’)” is a subset of the PB.
It is a board with only printed-on point-to-point con-
25 nections. A "“printed circuit board” is another subset
of PB. It is a board with printed-on components as
well as point-to-point connections. In the following
description, reference to PB’s 1is intended to encom-

pass PWB’s and PCB’s.
30 A typical PB is a flat board that holds chips and
other electronic components. The board is made of fi-
. berglass reinforced thermosetting resin laminate. It
interconnects components via conductive metal path-

ways. The typical resins used in making PB’s are bro-
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2 m nat ed bi sphenol A type epoxy resins, bis-maleimde resins
and polyimde resins. The resin is typically ' i npregnated into a
fiberglass fabric and with conpres- sion nol di ng. The i npregnated
fabric (the "prepreg") 5 Is lamnated into-a multi-ply structure,
contai ni ng as many as 4 or nore plies. Such a structure provides a
hi gh fibergl ¥9648508csin ratio. The conventional pr Bui t
is an etched cir- cuit. It is madegby a photo imaged chem cal etch
10 process. A copper foil |ampate is covered with a pho-

toresist. U V. |imiRatedshigeBerptodytyPenc8BPxye refins, bismpalefimide

circuit paths ontgesiies panopesyinidbak@eins. The Ngetdf aBeaAFpibALIY | |

remain after etchjn ‘e n'l;:he into éaiﬁ%%ri iathe%r?tbreated fo.remove the” -

unhar dened ar eas IR Th POt D r e ReFI s HRDFASS &PY WS FORRTESd

bat h (e. g.sidmrmelding or i Bhesdmpregnatedhéabxposddheoppeepreg”) i s

etched aways The far figRach @ddamy am]ﬂfl‘?:rie?l? fracture c%wt'agﬂfggo;:\%: An
cop P ondi ng

oxide treatnment is applied to the ) er to achi éve proper
to the next |ayermasny @5 4 PanmABecPbiesor Suecht apstapecture pobvidesmsk

| ayer is appy '}ﬁ%ibﬁﬂlrgésa“too'&%%ﬁﬁsrﬁ{: gtes the mcromniatur-
ized circuits on a Thip. . In particular, the electrical |am nates
used in PB' s cBpreervenidanideiniinfad stireniteber abedteheddeirss

ately bel ow, inpragnated gl ags GRidd NYPUS fphéPENliniged chemfi®1 ObeERPri €
syst ens \/\/nJr h are conbined with copyoer . foll ang pressed In a
mul ti - dayl @ht pREAESSH-o & fiPPer foil,laminate,is,cogergdy ¥itht AcPhone or

both sides clad toresistt.h opperight Resishimwéd i khicagh 04 ChBgatyed eilm~r ange
ar nat s or pol S 9 Qe St B e gt S Ehe” BEBIR s 0t hagdeRRoun
as FR-4 to high gevd othean@reas that will remain after etching. The
piece 'is then treated to remove the unhardened areas
15 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
stripped off. An oxide treatment is applied to the
copper to achieve proper bonding to the next layer of
20 .laminate or for the top layer, a solder mask layer is
appliéd. A similar process creates the xhicrominiatur—
ized circuits on a chip.
In particular, the electrical 1laminates used in
PB’s comprise thermosetting resin as described immedi-
25 ately below, impregnated glass continuous filament fi-
ber or fabric systems which are combined with copper
foil and pressed in a multi-dayligﬁt press into lami-
nates. Laminates have either one or both sides clad
witb copper. Resin matrix-reinforcing systems range
30 from moderately inexpensivé materials such as pheno-
‘lic/paper laminates or polyester/glass to general pur-
pose epoxy/glass known as FR-4 to high performance
(expensive) systems based on  bismaleimide-triazine

(BT) /glass or polyimide (PI)/glass. Most laminates



(expensive) systens based on bisnaleimde-triazine (BT)/glass or
polyimde (PlI)/glass. Most |am nates WO 96/ 40509

PCT/ US96/ 09838 _ _ 3 are pressed/ cured
i:n multi-opening presses. At |east one conpany manufactures an
epoxy/ pol yester hybrid copper lamnate in a continuous operation.
These different electrical lamnates are distin- 5 gui shabl e
thermally byVYOOSR¥8ing their respective - Tg's: 7US96/09838
Tg,[err] C Phenol i c/ Paper 3 90

Eg}éfzggr/Giass are pre%%%%/cured in mnlti-opgﬁgégéggggges. At least %ég
Hybrids of these admecoapafybhantfictiures 0ahedepoxy/poDydstdlt AXybHd
pressed/ cured inthiagkn Les 'th.irE onti ternedia%e T9' s:

Tg, G PPerEAERYPBRTS gt Asd continucps,opggation:

Epoxy/ Pl - gl ass These- 2éDfflérent el®htriéal \laminslteshi ahei sdicidined
onto glass i a . | e ' of.., ep | NS, taly ) ac-
cel erator an% sol \?eunltsg.ggﬁg(} gg%&?%?or%%d %%(ﬁ{e%ér%g{d;f tHels b%s{geﬁééﬁi&%
epoxy resin catal &by di cyandi am de (dicy) with an am ne
accelerator is "B staged" into 15 dry prepreg s bg Wth flow varying.
from8 to 30% Fl ow val ues aid in sel ecting tHe proper press/cure
cy- cle in the manuf cRhenalist/Bapex ply (FR-4) &6pper clad

| am nates. Typically these nmpdijdddedfAREIS are comypg bined with
copper foil and pressed in a milti-opening 20 press at as high as 1000
psi, 350[err]F and requires BRP¥Y/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-
termediate Tg's: |

Tg,°C.
Epoxy/BT-glass 160-200
Epoxy/PI-glass 200-260
10 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

(dicy) with an amine accelerator: is "B staged" into

15 dry prepreg sheets with flow varying from 8 to 30%.

Flow values aid in selecting the proper press/cure cy-

cle in the manufacture of multiply (FR-4) copper clad

laminates. Typically these multiply prepregs are com-

bined with copper foil and pressed in a multi-opening

20 press at aS high as 1000 psi, 350°F and requires 30 to

. 60 minutes for complete cure. A schematic of the
overall operation is illustrated in Figure 3.

¢ Some excess resin flash that must be trimmed devel;

ops on the sides of the laminate and'results-in lami-

25 nate variability. Caul plates, used in pressing the



60 m nutes for conplete cure. A schematic of the overal | operation

is illustrated in Figure 3. Sonme excess resin flash that nust be
trimred devel - ops on the sides of the laminate and results in |am -
25 nate variability. Caul plates, used in pressing the WO
96/ 40509 - PCT/ US96/ 09838 .

4 | am nat es eriodically build up epoxy residue causin

| ani nat e mperW@(?ﬁ'r‘QﬁFﬂ?% and rough surfaces. After nany 5389%5\%83?
caul plates nust be cI eaned by a costly 4 grinding/resurfacing or
chem cal operation. resin cure i, essential for
ul - . timate mt@él' EF&&@FPF&&%E"&?% VR SRTY Jisigidup causing

stress free | am natlasminatlefl imperfeepéohy andedough surfapeshl eEtaire many
anplified during the ensuing processin eps,leading to_a PB.
partially or inconpl’&tary®ts <2 uf’éagFSm“H':ﬁ S% ugéga?%éi %ysn%arc°€ftlléfw)
during the ) @hnﬂddumg/mpenafaomngabrguhe@aﬂd opesettbbnng | am nat es
into multi-layer boargs)y, . Resl N dvedW A d-B00 kv ‘1@ essentlig? g 5o &- .
cause m sal i gnnent and possible rejection o uring
final testing. 15 tlmatqveremr@aﬂalanarepeetw%aangrdpmppsegnebnpmli@w of

phenolic paper and ROXy{gbsss seER 4arkifitids), 'dqfit'ﬂ&’t pro efﬂé‘lc‘%ﬁ: uhe
superior material. On_a cost perforpance basi s, FEQ oard i S the

predoni nant mat er i AroPgems are ppmplifigd yduring ﬁhﬁoﬁé‘sﬁi‘-égamsééng
devices 20 (Sursft@%a% nmeldimdevi6ea) pEand a qsa&uaufmbrsfixfdodpqetely

mul ti-layer hoards, t er_rral/rrechanlcal limts of FR-4 are be| ng

exceeded by L0ngt hPuEre: nkaninaks sFanges resip, amear, (flamd, dustng, fhe

t2 echnol og:]I es. | | dnllAn@l Ppefdatd din p(rahllgmmqssagm alsadmplLihgd Qablidaseded
5 and nulti-la s MB) i.s ateq thro

The process of fd‘?‘1 e—é‘géfﬁgr Slaé:fi(%& ' qzeSJ‘nt %?8Ugﬁnﬁof’§p°ﬁ(’78%v8§

fabricating hol es tdmddgbwaclause misalignment and possible rejection of
the completed PB during final testing.
15 ' Mechanical and electricai 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.S. With more pre-assembled devices
20 (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.
A significant problem associated with double-sided
25 and multi-layer boards (MLB) is plated through hole
{PTH) . The process of forming the copper plated
through hole involves fabricating holes through each
of the laminate layers, preparing the hole for plat-
ing, sensitizing the hole with electroless copper and
30 finally electroplating with copper to the desired
thickness. Studies have shown that PTH can only sur-
vive “few thermal cycles” (Z axis expansion of FR-4)
before copper fatigue/failure occurs. One company re-
ports 220 ppm/°C for 2 axis FR-4 by TMA mid-point be-
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of the lam nate |ayers, preparing the hole for plat- I ng,

sensitizing the hole with el ectrol ess copper and 30 finally :
el ectroplating with copper to the desired t hi ckness. Studies
have shown that PTH can only sur- vive "few thermal cycles" (Z axis
expansi on of FR-4) before copper fatigue/failure occurs. One conpany
re- ports 220 ppnmi[err]C for Z axis FR-4 by TMA m d-poi nt be-

WD 96/ 40509 WO 96/46509 PCT/ US96/ 09838 PCT/USI6/09838,\ccn
50[err] C and 250[err]C. The ni smatch of coefg I ci ent of t her mal
expansi-on ("CTE m smatch") between the cop "barrel"™ PTH and FR-4
results in crackedtyees HRFrengd 250° C-an(?/h@r nigmat e afiv mfﬁmexﬁ of
This point is desc Nd; “la’j_%q,n ng,
M croel ectronics, rt?a’% ﬂ]a éi@%a%%relg?l (M']JEJ %is C |)o betwet Eg' ’

Inc., New York, NY“barrel"1§§’§ apd tfﬁeﬂrrﬁéﬂi‘-ﬁﬁti’-@nCE'PCkidAR'i@Sr barreIS'(l)
The direction throgga/bgelggégkagggmgﬁa@;l&yb 10 strate, a feature

especially inportant for printe g board | am nates, since
therral exparsion in TH&S °1ntZl§xF]§sF§1Prﬁ€h ¥i BAgPer hand | Millpr x Bhegi ¢
axis. ] | This i trbﬁﬁ&us&aék@ig@) Pbih.ﬁrbbﬁebﬁﬁbﬂﬂés, C QI otﬁtéftfbnnec— | YA
‘axi s thernm expan i,on eas_the t.he ol s
the X-Y axis th P‘REI B@%ﬁéﬂ&?ﬁ%r BRL& hg\t\?é: r'fuc eHl S‘k‘[”é]f r mal
expansi ons than do1993, ihabhets. deffhifiiwn cbf er izorig¥er pendi cul ar to t he
fi- bers in a YoV or m e I rough
the thickness of thé Iam}%t lag&fﬁg?'%l té’)%q’d 8ﬁé thl%iggssgnu%% fi g% I n

the Z axi s, 14 nce shiratexpad- features sﬁpegmi;ln ciempamilangd Fort fw‘mm in
the lamnate.” wiring B%%Eda Smﬁ QHQQers%cé ”?ﬁé’i‘xﬁé‘f”éx?p%éibrf §3P8Ge 1 O

PB manufacture that are soug e | ndust
Z axis is much higher than in the X-Y [sic] . axis.

This is because the resin in the lam:.nate controls the
Z axis thermal expansion, whereas the fabric in the
15 lanminate controls the X-Y axis thermal expansion.
Resins have much high[er] thermal expansions ‘than do
fabrics. {2) The direction perpendicular to the fi-
bers in a woven f£fiber-reinforced laminate — namely,
through the thickness of the laminate. Thermal expan-
20 | sion is much higher in the 2 axis, since this expan-
sion is more controlled by the resin in the laminate.”
There are a number of improvements with respect to
PB manufacture that are sought by the industry. One
is in the area of cost reduction. Another relates to
25 reduction in the capital investment of a production
line to produce PB’s. A third improvement involves
the environmental problems that plagues the current
processes for making PB’s. A fourth improvement is a
greater cifcuit density that requires finer lines and

- 30 spaces.
For example, the photo imaging and etch processes
- involve expensive capital equipment and hazardous
chemicals. A photoresist coater is réquired, followed
by a UV exposure machine, followed by a rinse that



-is in the area-of cost reduction. Another relates to 25 reduction in

the capital investnent of a production line to produce PB's. A
third i nprovenent invol ves t he environnmental problens that plagues
the current processes for making PB's. A fourth inprovenment is a
greater circuit density that requires finer lines and 30 spaces.

For exanple, the photo inaging and etch processes | NVOl G aR¥E6YESH Ve
capi tal equi pwodesased hazar dous . chem cals. A photoresist coater is
required, followed by a UV exposure eghine, followed by a rinse
}32?' } US96/ 09838 V\Dgegz?ér42t5eosg contaminated water waste. 'Iél'ézhse ré?esfc,llowed

cont ani nat ed wat er y/agtne etcklirsy | pife! kawed usuallybyconsigtehi 0§ Ri e t fat
usual | y consists o?

of which gen- et@haf%nk%x?%gvﬁétE?tigﬂgiﬂyyj %gkgg 1317 bFsaniankgenal

_ sence of a PBis to
provide the circui ErQ@éhtoxic was/m/.s carrying electrical pulses fromone

Pl e rar IBE%t%%s?ﬂc%hlfpsée%l %1% v@.‘&h e didentsbpaches,

call ed transidstors,

electrically acti vatagd caThpingredactfical P ses |f=£j°1{‘ h?BﬁgFf%ﬁ’éwg\‘Rn &8

effects the openi n% gr cl 03| alsdd @shhetnAogs0 eV ofSmadditchester s
of transistors

|"mlog|c gptes whi ch areth bui | di bI i nd
all this magic, andadlepedidansicsemisnatiearted |Hyi E' ips, "8}:15[ %%3 %%h

circuit. 15 TQday' $nefihicl et rivaneg! b)ﬁtﬁﬁaté\degl‘a’hed cmnnemtt flow-
Chi ps are squares §t°rect angl es that rre sur % ﬁgr%)é g r%te‘._lh
1/16th to 5/B1h of img ithepugh Pne Gwitch effeg 84091 %ot of an

i nch thick, althougly Qlother andtée bap 1/si@Q0t loloistersimth HEARR.HRES

actual cireuits. form logic gates, which are the building blocks behind
all this magic, and a. specific combination of logic
gates make up a circuit.

15 Today’s chip is typlcally 'an integrated circuit.
Chips are squares OrI rectangles that measure approxi-
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 jnch holds the actual circuits.

20 Chips contain from a few dozen to several million

' electronic components {transistors, resistors, etc.).
The terms chip, integrated circuit and microelectronic
are synonymous. Chips are generally characterized by
their function. . '

25 The chip relies on single crystal silicon wafers
onto which an electrical circuit is provided. Layers
of these wafers can be used to define the function of
the chip. The crystal is then placed in a lead frame,
with extending copper and nickel alloy 1leads. The

30 frame is packaged (encapsulated) with an epoxy molding
compound such as an epoxy cresol novolac (“ECN”)
resin. The encased chip is adhesively bonded to the

PB with an epoxy resin adhesive that regquires heat to



20 Chlps contain froma feM/dozen to several million el ectronic
components (transistors, resistors, etc.). The terns chip,
integrated circuit and m croel ect roni c are synonynous. Chips are
general ly characterized by their function. 25 The chip relies
on single crystal silicon wafers onto which an-electrical circuit is
provided. Layers of these wafers can be used to define_the function
of - t he ?‘B‘fos%e crystal is then placed in a | ead f r arh&T/USI6/09838 \; | |,
ext endi ng copper and ni ckel aIon | eads. T@e 30 frane is packaged

Crosol novol ab (~ cEREP- " FHe "Thip Feads are FRER BRI & Firraobyorgi-
bonded to the derJ.BB,vvtbhtha PRYOX yne tedl ra::.adhesrye that requires heat to

$0 96/40528re. The c F en%r%Bt%ech CE@Q%%/QQ8§?S llmlts in

dering, to the PB'seNESaDﬂnhQRuixqe clrcult llﬂ&ﬁeQﬁnrhﬂnmiﬁetecbnOMigy is
reaching itsglimtsahiy | while SBEB ﬁc%‘é‘i@:‘g“esfiéscubk &Hﬁ%xﬁt ah Qeepmde

econgm - 5 cally ecreasl nqg Sl zes of
troni c equi pment wFFPnélénﬁﬁHi@O@?F ik demzag even f-’-ner Yingsy el |

recogni zed that a bypgedug ‘@énn Bééogm.zed thafl gy Rirdauck Rk apgngachi p
i s speed. The shorter distance a pulse travels, the faster it

gets 10 t her e. “G’-ESFé?nrrPrfn & 7B 28PF0R Ahidndsyrepasd- Jfhe shorter
availability for nghe cdistdride/, al hgalael awa%geﬂsqr the fagtare fiuncgéess to

be added t h L. Th N t Ki th
Cransi Stor. tPhe abRBFe: | CrSTREr [ MANSALREHER Phn By SRR fol REED
hol ds true 15 \Aavhlleb{bbr.tytcfcec PBoreSwitmduittiryes diug r aldiostiags fioe
measured in billiogthg i‘ﬂflc&ié!l;] %t@é Q%cféad %%‘l c:.rcuitl anméc%mafler

Josephson junction transrstor Sw tch
quadrl | 1ionths of ahsecgmponentﬁusn%kmg up the trans:.stor, the faster
the transistor switches. The same effect holds true
15 with respect to a PB. Sw1tch times of transistors are

measured in billionths and trillionths of a second.

In fact, a Josephson'junction transistor has been able

to switch in 50 quadrillionths of a second. Thus a

tremendous impetus exists to reduce the size of chips

20 and PB’s, and in the case of PRBR’s, to reduce the dis-
tance between interconnected functions on the PB.

George D: Gregoire, Dimensional Circuits Corp., San

Diego, €A, 92126 in a paper entitled “Fine-line

‘Grooved’ Circuitry — A New PB Process for SMT,” de-

25 scribes an evaluation of his process in making and em-

ploying common PB in surface mount technology (SMT)

application, which is in part the technology described

in U.S. Patents Nos. 4,912,844 and 5,334,279. [Surface

mounting is a circuit board packaging technique in

30 which the leads (pins) on the chips and components are

soldered.on top of the board, not through it. As a

- result, boards can.be smaller and built faster] From

this analysis, Mr. Gregoire defines what he calls “an

improved circuit trace geometry and manufacturing



t r enendous | npetus exists to reduce the size of chips 20 and PB's, and

in the case of PB's, to reduce the dis- tance between interconnected

functions on the PB. George D. Gegoire, Dinensional Circuits

C__or p., San Diego, CA, 92126 in a paper entitled "Fine-line
"Gooved Circuitry - A New PB Process for SMI," de- 25 scri bes an

eval uati on of h| S process in nmaking and em ploying co '

surface nount ¥ ‘?? ogy ( SMI) application, which is i %@éﬁ%’

t echnol ogy descrl bed in U S Patents Nds. 4,912,844 and 5, 334, 279.

[ Surface S r b [ I q
whi ch the | eads (p%%ofqggﬁ t%ggch%pﬁstsan?({:onpoilﬁ%?sn%r%%%a légac%aeregron
top of the board, rtdimghsdoghlitcircuddry.’” Theeqanufagturilgcprdsess

smal ['er and built Lﬁ@ﬁ_s&k a7 BHE q s&agnga.h@ 5 r%}?&é’&{ StoMeoxld Qﬁ.?tlét%l%ﬁfailnes

what he calls "an e geonetry and manufacturing
WD 96/ 40509 c:.rcu:.ts. According to the aungmmmts of the

process for BB's cppbaelsnembgseeved traces' or " di nensi onal
circuitry.'" The manuf act uri ng_ process nEI oys a_hot stanp %
approach to form di mefsifging "is effeetpds inacko éﬂ“hﬁat:bng hﬁraﬁﬁhb'ﬂ- h

maj or parts of the 5 ormﬁ&eﬁspaﬁalaﬁszed lamlnate mRteinad s @ .gegted

in alamnating press with or.di,na anel si zed Iamnate
materials (e g, epoxy-g)asps gPeL¥inaey  #FEe) 1t EIRMIIEERSG for m
* ‘tooling cost, even iortdcmmg)ld&,, eeeﬁomﬂalowwolume, is' nehemaal s and
steps used for copper netallizatio s traditional, yet hi gh,
benchmar k-1 &%l FR4, * chemicals z?d‘ﬁle§ §8si ¥s88hfeyctOPRRY Mghpldd 2zation
pre-cl ad PB'is tradltlonaI tryéa‘ Oohighy npehchfatkolere PBFRY,

production st Ep_s are 15 adhesion JC.)S ?u.eved, as high as for pre-clad

PB’s;
* the following traditibgal PB production steps are
15 omitted: _. -
| e production phototooling (£ilm)
o dryfilm plating resist _
e film-to-PB registration (features are molded
in) |
20 s imaging
e developing, and
e possibly, solder resist in its entirety..
A small amount of common etch resist is used in a
“self-locating” way, bladed on, with' no registration
25 steps required. The resist is stated to be retained,
and protected in the grooves, below the surface, dur-
ing etching. _
In defining the significance of this technology to
users, Gregoire states that it dramatically improves
30 soldering yields during fine-pitch surface mounting.
He states that groove circuits provide yield improve-
ments in the self-locating feature during assembly be-
cause the grooves or channels allow SMT IC leads to
automatically self-locate. The self-locating feature



[e_rr]‘ production phototooling (film _ [err] dryfilmplating
resi st [err] filmto-PB registration (features are nol ded

in) 20 [err] imaging * devel opi ng, and *
possi bly, solder resist inits entirety. - A smal | anmount of comon
etch resist is used in a: "sel f-locating” way, bladed on, with no
regi stration teps required. The resist is stated to Pﬁyug | ped,
and protect edagﬂgf'ﬂg&grooves bel ow t he surface, dur- é@?‘ﬁg.
In defining the significance of this technol &y to users, Gegoire
states that it dra Yy L4y pv 30 ring yi elds du i ng
fine-pitch s_urface%hgég%g&m& gﬁﬂe %'faa ie tggfggf oSWER P(’fgf‘ p'recﬂﬂ de
yi el d i nprove- pullmsiirenigth) hd mpaiovemenssi ng Theatwirds d uf ammye brsstapidd/
be- - cause tﬁﬁogrd%%escﬁmfél@n@é@féééi . Sl aigagsiho with gol-

autonmatically self cate The sel f-1ocatin
96/ 40509 der, making automatic allop€q¢g5§g;oggggskew and out-

9 provisdes yioglg1andraud! pk¥biems. thauChoRt Ohekn! m h lead Rédudnt,
stremgth) inpr ovenents. ,The wi.de, funnel-shaped deep channel's
conpl etely w ck an&lf‘FTP"'v'\FPhIE%t - der, making aut omat ic all owance
for the skew and out-a Eslgnﬁrdarﬁ:naﬁéfycﬂéﬂb}em tEé TR hsﬁé hdfead
count, fine- thch | Cs. N %nl f | c nt defici.ency of

nol di ng step of 18 RrOGfittels 4 ‘71 tgs ’ﬂ%grfeﬁ’s?ﬁs im,

prepreg form whi cprepaeg tham,t haiphemeagsshhat tba- plepregt aheeta aimass
fiber fabrlg to r%hgﬁgr%? g&ggsepfgger fabré§3'£5 fL ?f%&%%'ftﬁec”%ﬁ?xy

ment i ened are epoxy W t hout “speci fyI ng
fiber. In the resmat t e'l’he;aseecifmsoassuneatv-naedt lagef | epoxy-wlgisemss
fi- 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-
15 ing fiber mass that restricts resin flow and resists
well-defined debossment. Moreover, a resin-glass fi-
ber prepreg creates a anisotropic substrate creating
CTE mismatches for any copper layer deposited thereon,
due to the surface irregularity of that material. As
20 pointed out above, this reéults in “cracked pads, bar-
rels and/or layer delamination,” clearly indicating

why such a substrate is not favored by Gregoire.
Parker, U.S. 4,912,844, describes punching an op-
tionally planar surface with a punch that may be
25 heated to impart grooves and cavities in the surface.
The punch may have foil disposed on it so that it is
transferred to the substrate and in the grooves and
- cavities in the substrate. The portions of the foil on
the_surfacé of the substrate may be removed by printed
30 circuit techniques or machining or laser techniques so
that only the portions of the foil in the grooves and
the cavities remain. Figures 5-8 of the patent list
alternative steps in producing a printed circuit.

They are listed in the following table:
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Figure 6 lﬁﬁugéoozes temper%%:EPzﬁag. § photo-res b@)S‘e asmgl‘f{anpgﬁéﬁl ne
or la-  Start WifliRoles on Prless netal f0il|natersid 4 | desdl- ~ ser cut
t he flat slyekamaswbs teound punch to |patteateotfe-a punch td
create a punch |punch. makel foil con- sponding to the

desired pattern
of grooves and
holes in the
substrate.
Remove the por-
tions of the

As an alterna-
tive or as an

As an alterna-
tive or as an

Etch the photo
exposed image

of the grooves additional punch without additional step,
and holes on step, heat the the photo-. heat the sub~
the mask. substrate. resist mate-~ strate. :

) . rial. :
Plate the Apply the punch | Rarden the Press foil on

and into surface
of substrate to
produce grooves
and holes in the
substrate.

to a surface-of
the substrate
to form the
grooves and
holes in the
substrate.
Remove the
punch from the
substrate.

photo-resist
material on the
substrate.

etched portion
of the mask to
i1l the holes
and grooves in
the mask.

Remove foil from
surface of sub-

strate while re-
taining foil in

grooves and hole
in substrate.

Dispose electri-

Heat the punch
to an elevated
temperature.

Remove mask
from punch.

Heat the punch Dispose elec- As an alterna-

to an elevated
temperature.

trical compo-
nents in the

holes in the

substrate.

tive or as an
additional step
heat the sub-
strate.

cal components
in the holes in
the substrate.

As an alterna-
tive or as an
additional
step, heat the
substrate.

Apply an elec-
trically con-
ductive mate-
rial such as
solder to the
rooves in the
substrate to
establish elec-
trical continu-~
ity with the

electrical com-

Apply the punch
to a surface of
the substrate
to form the
grooves and
holes in the
substrate.

Apply an elec-

trically conduc-

tive material
such as solder
to the grooves

in the substrate

to establish
electrical con-

tinuity with the

electrical com-
ponents.

SUBSTITUTE SHEET (RULE 26)



punch. rai sed por- formto raised
ti-ons. portions of the
punch. Phot o expose an Heat the punch Coat the flat Heat punch
and i mage of to an el evated surface with a foil to an ele-
sired grooves t enper at ur e. phot o-r esi st vat ed terrpera- and
hol es on material ip a ture. he
pattern corre-wow"ogagnch ! spondl ﬁla??ﬁ 83&
desired pattern of grooves and
holes in the substrate. Et ch the
phot o As an‘HﬁEE:ﬂE:;__Ebnnﬁ ~Fe————expesed—+rpge
tive or as an 1%+f#ﬁ%4#—4??¥ re—grooves
addi ti onal ‘;Bgmﬁfyﬁ:f‘ o and hol es on
step,- heat the yp3efdre heat the| sadstrate. thejmask.
substrate. torésmsthmateﬂ, strate.
rial. Pl at e [t3¥@oves a’gd Apply the punch | Harden t he Press foi{ on
etched portion gjeaﬁgr}?ea of photo-res] st and ilnto surface of
the nmask to t fReaR S thell € TRl €T T al 0N { DisposH ebatbst fal € (O Tl
t he hol es t 0 flquack [feom the |[substrate. tricpk ggmpee grlooves and
grooves in  grdorbstiasg- Emﬁséﬁdﬂﬁble< in the the
. oles in the

mask. holtes in the substMpSUT at ¢.
substrate. Remc_ —RENTOVE U1TE [ Apply ancellectNg¢ puUNCnH RETOVE
foil from f r gra-RU4IC Bompo- punch from t hetrictXiyaeerel eyat ed sur f acej of
sub- gegts in t::sub<t|'ate tria Eﬁﬁ@ﬁiﬁ?? strate whije
re- oles in the taining foij in
grooves and hol d Subserate- giiiﬁist‘i’ntiﬁe in
substrate. Hdat the punch Di spose el ec}subst¥azearw al fjer na- D sposk
electri - to gn elevated rical conpo- |esteblishgrlegs tan ca
conponent s t dnper at ur e. nents in the :i""altﬁaﬁﬁ‘f’l‘oral step in thp
holes in holes in the elzcgﬁ@h tdag- gub- t he
substrate. substrate. |ponentsstrate. As an_alterha-
Apply an el ec- [2Bppyeni&lecpuich Apply an gl ec- tivelor as an
trically con- yrdcetlyuedace jof ‘trically fonduc- addi ti onal
ductive mate- $ge g‘ﬁﬁ%;sr at g tive mate}i al step, |heat the ria
such as tc)fgﬁa; 6 the such as sol der substratfe. sol def to
t he grooves gngtooves in the tlhe grooves grooves ih
the holes in th:e”t-__’s;i?"-e FE:C_ substrate substratejto
substrate. SR RS Athsh

ity with the

electrical com-

ponents.

An advantage of the PB procedure of U.S. 4,912,844, is the

exploitation of grooves and cavities in the board to provide the

print

ed circuit.

This allows one to create the surface area

needed for obtaining low electrical resistance in the wiring

placed in the grooves and associated with the cavities.

Note that

the depth of the grooves are preferably at least as great as the

widths of the grooves and since the solder can fill the grooves,

the widths of the grooves can be made quite small white still

retaining relatively low electrical resistance. In a number of in-

SUBSTITUTE SHEET (RULE 26)
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electribal con-
tinuity with the
electrical com

ponents. WO 96/ 40509
PCT/ US96/ 09838 ponents.
Renmove the to a surfacpcPhisesnosss
t he substrate substrate.
grooves and hol®s in the substrat e.

stances sudd SPPSgtelcRGumn 4, linddNGRiblomARG, 5,
. Bstrate nents i n the
lines® 3-8, lines 9-16, lines 18-19,,thejpatent util-

izes heatlngA5E|¥h6nsﬁb§€rate to deféfmcﬁﬁ CEEEH& tem-
In the ucti ve

peratures uprls? §th n}fsltlng tempesqmrreatg t e sub-

strate. This demonstrates that theglsib&sarate mi@t be
heated above a glass transition t%%t%b'£5h elyec- d

g PPEI R Ph P Preer
On the other hand, the patent also

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

to achieve flow.
epoxy-glass material. In addition, the patent states
that the substrate may also be made of high tempera-
ture thermoplastic or thermosetting materials without

" specifying what they may be or their properties. The

patent is devoid of details on how the metal foil is
bonded to the
strate, and how one avoids a CTE mismatch, as charac-

thermosetting or thermoplastic sub-~

terized above. For example, a metal foil will not
tightly bond to a thermoplastic substrate even if the
substrate is melted in contact with the foil; an adhe-
sive is required to effect reasonable bonding of the
foil to the thermoplastic substrate. This appears to
be recognized in the Gregoire’s recently issued U.S.
5,390,412 that specifies the use of an “adhesion pro-
mote coating” that involves forming a “dendritic oxide
coating” by bathing in a “water base bath” in order to
bond an electroplated copper layer to a dielectric
substrate. _

Gregoire, U.S. 5,334,279, relates to a PB tool for
producing three-dimensional PB’s having grooves with
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

patent articulates a three-dimensional PB that employs
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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
simplifying PB manufacture, demonstrate the complexity

of making tools and making PB’s from the tools. One

.of the reasons for such complexity is that the materi-

grooves, t he
retaining relativ
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e

als of construction that are used for tool meking and
for printed wire boards are undefined or improperly
designed for a simple and"effective PB construction
that avoid CTE mismatches and for making tools that
can be used in shaping plastics and resins into
printed wire board substrates, whether containing or
not containing grooves and cavities.

The art of making PB’s is restricted by 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
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 required use of labor intensive tech-

niques.

The Invention

This invention relates to a thin isotropic thermo-
setting resin film that is amenable to being. subjected
to a debossing procedure that imparts a printed cir-
cuit pattern thereon. The thin isotropic thermoset-
ting resin film avoids the aforementioned CTE defi-

ciencies of an anisotropic fabric prepreg. This can

et Has Been Replaced

T

ooves and associated with the
hat, . .

2 high higé‘%% daREReotivdeplageyves Rithpuatl degliningt ﬁheas: .
il



stances, such as at colum 4, lines 9-19, colum 5, lines 4-8, |ines
9-16, lines 18-19, the patent util- I zes heating of the substrate to
deformit, using tem peratures up to the nelting tenperature of the

sub- 5 strate. This denpbnstrates trpfg SHBET g?&sééﬁﬂ nmust be

heat ed above a glass transition tenpefa to achi eve flow.

On the ot her patent al so at_the PB sp cﬁﬁifs de
of a ceramc '(}?qumﬁsﬂf epoxy-gl ass rraterl aI In addition, t pat en

stat es 10 that the substrate nay al so be %de of high tenpera-
ture thermopl astic gy dARIIMILLILR] niiBiGd12] 154 (10 Web ssmeg%p%@chEggsvmat

they may bé or their properties. The patent is devol et al
how the metal foil foF eventugg,,;gege{xgrgﬁgng h%r%%@ﬁq - rsuith bogsgl sbetc

sub- 15 strate, 1@@&\5&’1&'& NG dﬁstmaQ’EE mo%”%ﬁchio%ﬁlﬁ?aﬁa%bol use—
teri zed above. For _.exanp foil wll not X bond to a
®0

t her nopl astic substfidt ei%v%ﬁf?‘?tlt% the debpssment ePﬁ’%CQﬂé-}rteed i ireokbaBt
with the foils an aMeemosettingi iedih I EQlinr ksl Otﬁéfeﬁbab@aﬁoml Belagdi ng
of the 20 foil tothetherngg astl subz:t te. 9% grsto

recogni zed i n the BYEGHSFE"sMPEREH Py tP &t 2 el a51¥84y419v; hep-
specifies the use gleraty 'mdheachnaprbemperatum s daiv a3 ricdori tiempekses
formng a "dendrit | c oxi coat j,ng” JDat hj "wat.er, base, bat h"
in order to 25 (gezgl "8 Hopl Gt 2 %"'e‘t ‘%}‘é’glf’stﬂi 8%e%PF| pat-
substrate. te@negmre US. 5,334,279, relates to a PB tool for
produci ng t hree- di nensional Vi gr oves stron Iy onded
or | am nate orret al i ciﬁadgafﬁ crng]f'%‘a 3%3 %ver&:r%rhl tre%g?a t%%l % tPses
a netallized nal e thermogsektisgbstesime filmndghatpl ilsalamtayablegrtmvbeingm ng

proj ections. The ngigbi-zed F@Ad s@ﬁ&&é&ﬁ;é Sgg&ggdure tthzO'H@DJs%@%l €a

parent or predecessor “naster articulates a
t hr ee- di nensi onal PBoeNgd Egﬁﬂwg circuit pattern thereon with minimal

loss of debossment precision of the grooved pattern,

15 which pattern and the grooving can be cured to produce
a thermoset resin film that can be employed for even-
tually generating a PB. In addition, the thin thermo-
setting resin film is amenable to being subjected to
flow into the grooves and cavities of a female tool,

20 as defined above, whereby to form a male replication
of the female tool, subjecting the resin to tempera-
tures sufficiently high enough to cure the resin and
fix a surface thereof to replicate a male image of the
female surface. In this manner, the £film of the in-

25 vention is convertible into a male tool for making a
.PB by stamping another film having the same or similar
compos:ition .

The inventibn also contemplates a thin isotropic
film of a thermosetting resin that contains in situ-

30 expandable thermoplastic particles that contains an
essentially uniform density and thickness across the
breadth of the film. In this embodiment, pressure
built up in the interior of the £film during curing

causes the film to expand. The invention contemplates

T




a hich heat deflective pl astic, wthout defining the pl.astic, and a

plurality of recesses or grooves nol ded into the substrate surface
for receiving the fine pitch, closely spaced-apart |eads, of an
integrated 5 circuit. ‘Gregoire, U S 5,351,393, is another
patent “in this ar ea. The Gregoire and Parker patents, all

assigned to L pensional Circuits Corp., directed to tec,,@f:m}sgg%s; r 10
sinmplifying Pgor?gﬁ@g‘ét ure, denonstrate the conplexity of naki n-gxp
tools and nmaking PB's fromthe tools. One 18 of the reasons for such

complexi 1y 1S el IR Sids o e1indld BlnfagEt iUl QnabliBhePhE LEGH! O

t ool nmaki ng and printed wre S are undefine
15 desi gned f orcantsifping and repldeative ppriskedr flmcayt pattenmt a%ﬁ'm d

CTE m smat ches andhdi fipking EQ%S atth%t temperac't%'i'e RGatus@thsdd tid1aph ng
plastics and resins into inted wire board substrates, V\/net her

cont ai ni ng or ﬁ%‘iemdoﬂ%%diméésﬁﬁﬁ pavFirles bg expand Tiato

of making PB5S is giRst Hebbsdihy (dKan) OBurface RSSEEnapStERILT HbosseM
whi ch they are rrade Labor | nte Si vﬁﬂt echni ques such as stenciling,

si |k screen- tﬂ’ger‘?‘re?ékltﬁ‘& SXPERAR the like, drive up the cost
of PB's. There is a rpsd ferm a“‘.ssmmtapmﬂ‘d s ,effreceh@ Scontéxty eofrethisl f or
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14 electrical and physical properties in all directions

10 {e.g., %X, y and z) through it. This is to be con-

trasted with fabric reinforced prepregs. Such
prepregs are anisotropic. They exhibit several times
differences in properties between the x, y and z di-
rections. 1In the case of this invention, the films do

15 not exhibit differences in electrical _and physical

properties by more than 20% in any direction. _
The thermosetting resin film of the invention has

the following qualities: _

a) it is designed for shaping by processes such as

20 stamping, compression molding, transfer molding, in-
jection molding, and the like;

b) the resin is nonconductive, which means tha't the
resin can be used as a dielectric substrate;
c) it is an isotropic thin film that is sufficiently.

.25 uniform in thickness to provide consistent and es-
sentially uniform heat shaping capability across the
whole of the film, and the thickness should be suf-
ficient to accept the shape imposed by the shaping
process;

30 d) t.he resin can be molded by compression or stamp
molding without the need for constraining flow at
the edges of the resin £ilm;

e) the film possésses low flow over a broad temperature
range so that it does not flow tin_controllably while



Surrmary of the Invention According to the invention, there is

_prOV|ded an essentially non-conductive isotropic, thin thernosetting

5 resin filmthat a) shapes by stanping and conpressi on nol ding and
with respect thereto it can be nol ded w thout constraining flow at
the edges of the resin film b) forms a thernpset dielectric substrate;
10 ¢) is suffici y uniform in thickness to provide Pcnm@gn§b§tent
and essentialﬁ& anitorm heat shaping capablllty across the whole of the
film and the thickness is sufficient tol&ccept the shape inposed by a
shaping  * process; yrd dbihas J:\Qi‘\é”c%WdQ’E%né‘ bagad dxuephbied hiaRe SO
that it does not flow uncontroll ably whi | e undergol ng cure

conditions, and wheFegivESed UhethepRALRICRS Haly affe suPenigpGsees

that are superinposechydseraa gicRVee @F eavity iif tnetbesea&saf 0h Femial e
nol d, or over a protuberance in the 20 case of a male nold, WI|| be caused

to flow because of MOke QK IRVeIRSRYOLHPEFRNGS 1R the case pfya pale
near - gel s under condigdid)s wigadibegchasedr €o flow because of pressure im-

posed on the film;. and .

£) the film gels or achieves propbrti‘es similar to a
state of gelation, over conditions leading to cure,
that satisfy commercial conditions.

10 _ In a preferred embodiment, the invention relates to
an essentially nonconductive isotropic thermosetting
.resin film that is moldable without edge flow con-
straints, which contains, as its major ingredients,

{i) a thermosetting res;n that advances in molecu-~-
15 lar weight without formlng a significant volatile by-
product and
(ii) a flow control component.
The resin film has

a) an uniform areal thickness ranging from about 1 to

20 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 deviation factor set forth in Table A.

25 . ' Table A
Range in mils Deviation Factor
1 tob + 1 mil (£0.00254
. . cm)
5 to 10 t2 mils (£0.00508
)
10 to 250 + 20%

c) low flow at a broad temperature range:
d} the ability to cure,. gel, or near-gel, at tempera-
tures from about 20°C. to about 250°C., in less than

30 about 7 days and more than 1 second;



T_his‘invention relates to a thin isotropic thernosetting 25 resin film

that is anenable to being subjected to a debossi ng procedure that
inmparts a printed circuit pattern t her eon. The thin isotropic
thernosetting resin film avoids the aforenmentioned CTE
deficiencies - of an ani sotropic fabric prepreg. This can

l4a be qy696kdgo W th m nimal [oss of debossment preci sigFrsosmosss O
eventual ly generating a printed circuit boarg_that is devold of CTE
m smatch, -or for formng a tool use- f4 in effecti ng the debossnent
procedure. The thid) a51ow diIdERSe! cRasthREl in $hd BHadRoRe SeReeity of
bei ng precision_nolded with a tool at a relatively |owtem

perature, such as tenpg& afurbirthen odPREOVEBARE erffer fhe” inventjgn, the
I(-23. 5[_err} C). vm'htrda.amam_ lei, OF ds@r}wéinn Ofnohbﬁnﬁ_ﬁétive tHeQ-Ed&h set@ing
n particular, the_ ..nv ion relates 0 t hi t her npsetti ng
resin filmthat is r&r?é'ﬁ‘a%{lé“‘t 8’“8@?%3 &2 the sﬁﬁ?%c?%g:rto& 39885085 dhgerse
procedure th& debezromp of materipbeyeshqglr ias:ed circuit pattern thereon
Wi th m nimal 1,0 o] S ' eci S of, {:he .grooved pattern, 15
whi ch pattern and tlﬁeglg?o%ﬁgﬁ%%c}g%%%rgﬁggda%ggﬁr%idlulrc%' a t her noset
resin filmthat cadile dihsgroppdasbicevesin that figabbjubbeerat pagtdaPBy I|n
addi ti-on, the thin thefiisie in theCtheRRos88tingildlis amenabl e to being
subj ected to flowinto the grooves and cavities of a female tool, 20
as defined above, WididBy elAstAmATTLYRSe PepyRRnt that Provige { discepbee
tool, subjeaqig ng the &épsdtonidr IFHENEA- (second [ phesSeHUT {4 CLREL IkheingBegnOUgh
to cure the resin and , fix a surface thereof to replicate a nmale inage
of the femal e stt?hEEsin pat g%"'manner, the filmof the in- '

iv)a thixotrope; and

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

In another embodiment of the invention, the mold-

15 able, essentially nonconduétive -thermcsetting resin
film is metal platable and adheres to a conductive
metal film. In particular, the film is metal platable
and adhesively bondable to metal foil that can be used
in the making of a stamping surface or for creating a

20 conductive pathway on the stamped and cured resin
film.

The foil that is laminated to the thin resin film
is a relatively thin sheet of essentially uniform
thickness as characterized by ANSi/IPC—ME—lSQF, §

25 3.4.3, adopted on October 4, 1991, entitled: “Metal
Foil for Printed Wiring Applications,” published by
the Institute for Interconnectihg'and Packaging Elec-
tronic Circuits, 7380 N. Lincoln Avenue, Lincolnwood,
IL §0646. The foil may have a thickness between about

30 0.1 mil to about 20 mils; varying *10 percent for de-

posited foils and *5 percent for wrought foils. Suit-

- able forms of the foil are of the electrodeposited or
wrought forms. The foil sheet may be made of a variety
of conductive metals and metal alloys, such as alumi-



25 vention is convertible into a male tool for nmaking a PB by

st anpi ng anot her film having the sanme or simlar conposition.

The invention al so contenplates a thin isotropic filmof a
thernosetting resin that contains in situ- 30 expandabl e thernoplastic
particles that contains an essentially uniformdensity and

t hi ckness acro%gﬁlﬁﬁ breadth of the film In this enbgiiReénesss
pressure burlt up in the interior of the filmduring curing .
causes the filmto expand. The invention cont'@ml at es WO

96/ 40509 num, copper, . chromium, Fﬁgidﬁ96é998§§ magnesium,

15 placing such a I_l I min contact w ta ebfkaI ng sta

containing a repli cBFelpr PFASF ci FRf1 t &he ‘FF%IH‘?@ tfeitiim
at a tenperature thaét&nssaget hﬂunﬁnum, cd;ipb!.t— earbNiliodkel | hedppe agtage
particles to expand_ipfo 5 t.he debossing sta { nerat e
debossed pat_tg?{:‘{?n R ARREEE AR Pﬁl By %&J}’ﬁlﬁgm ﬁggrsoﬂ:op c"
means, in thescontext2oé.1hi s The foihvsheebnmag Nt e | abparsisebsi fPrmed
essentially the sa ec sical _pr rtj in_all_.
directions 10 ?%th"t thg{ gdég% eci&p@él d.%% t$h|9§%i %h?@ Bﬁsi%ngllm
trasted with fabréx thsl rﬁQiche!laYpbeprﬁwgsled as a Shekt bondepr dur etseare

ani sotropic. They Cii! beseyokfln WIP mecal qUdssteBhefebinPaa0er! ! Ao

bet ween the x, e case o 'S |nvent|on
the filns do 15 ’fealeﬁ’ﬁPQFtltlePff‘-‘@lf’en‘é%sefﬁﬁcﬁﬁécbw c%lecwﬂi%ﬁ%@l

properties bygnore ét@&@@f@ub aﬁ¥t£‘1rf£ ’ by metangguéfﬁ{wet&aa)@G

resin filmof the invention ha; ovmng qualities
i s designed for sha‘b%gdWﬂ%s@?dsﬁéﬁ st anpi ng, conpression
nol di ng, transfer nolding, I n-Bnef Descrhﬂﬁib@rbfmi'HB rtggawaj\qst he |ike;

b) the resin is noncongué:‘géé/se 13, th éms Bhaté and 1F are schematic
side views illustrating employment of the film of the
15 invention. | . )
Figure 2 is a schematic side view of a line for the
continuous production of the film of the invention.
Figure 3 is a schematic view of a prior art system
for making PB’s. _
20 Detailed Description Of The Invention
There are many commercial thermosetting resin
systems that can be used to produce a thin pliable ad-
hesive thermosetting resin film. For example, certain
of such films are employed in Synspand® and Syncore®,
25 expanded or expandable films that are sold by The Dex-
ter Corporation. "However, another special subset of -
such a resin system is a thin isotropic thermosetting
resin film that is amenable to being subjected to a
debossing procedure that imprints a printed circuit
30 patéern thereon without creating mismatches of coeffi-
cient of thermal expansion (“"CTE”) between the copper
deposited thereon that could result in cracks in
grooves, sockets, pads, etc. Such a resin film should
be capable of effecting debossment  precision suffi-



resin can be used as a dielectric substrate; cC) it is an isotropic

thin filmthat is sufficiently 25 uniformin thickness to provide
consi stent and es- sentially uni form heat shaping capability
across the whol e of the film and the thickness should be suf-
ficient to accept the shape i nposed by the shapi.ng process; 30

d) the resin GgHobsuseg! ded by conpression or stanp ' g, bﬁ%dﬁh&hOUt
t he need for constra?ﬁlng fl ow at t he edges of the regfn [l

e) the fil mpossesses |ow fl ow over a broad 1%mperature range so
that it does not flQuntNGRNtéebheAYiyNigkBerate a PB oD A 48300

PCT/ US96/ 09838 18 underg0|%g cure

conditions, and wh&Ropl BeRthdeln effecting: othe, cdebpsgmente RpagesinTe: hat

ar IedSUper I nposed leaglng eg¥ethe %movemg fmw tt?hdr'hdé&&tﬁ.&\ﬁge z;@‘siaa fflqlrm e
no ~ or over a protu Lapce 1 n e cas ) .e b5 . ND W
caused to flow becﬁhggf‘af Qﬁ?’&&}ﬁe cﬁ?’}acgty ot rgaeﬂ‘é’gecfﬁﬁfjtsﬁ@nf ic?qﬁosm

f) the film 8els oe.gchi stamppdopevitlesasitoblaatt a arelat:.velysﬂ.atve tem-

gel at’i on, over con ns_le g.Lo _ connerC|aI
condi ti ons. Se%gﬁ%, p%g#%r?%dt%gﬁatu S atsh 'ﬁvaesnf}%ooo SRS

an essenti al I y nontuoneu¢+28e57Gat +. opi tth sdpmrmetddpﬂg.cat:.on ofesihe fplaJtm

that | | dabl it hout fl
itg mlajsogoi ngr egi \é% Bt egee 150\(%30’: A5 af%se% nrgarl? 8si \rﬁ',ﬂ?%‘at&g d‘é‘s | n

mol ecu- 15 | ar tmégqsemimUtrefsdm Shlm begnimematile vskat al stamping
product andjg procéaﬁ%e atﬂé?%%ﬂ@%éé’ &0 ted irc-m.% 5)%%' n
filmhas an uniform area o0 20

nes rangl I‘f? rom a out
about 250 nils (ab§atnotbeesqncmt=b mboaimab B35 @ff debossment precision

of the grooved pattern. The film should be capable of

retaining the debossed pattern and <the grooving

through a cure cycle without flow out within the pat-

15 tern, to produce a thermoset (i.e., cured) resin film

that is employable for making a prihted circuit board.

On the other hand, the thin thermosetting resin £ilm

may be subjected to flow into the grooves and cavities

of a female tool, as defined above, to form a male

20 replication of the female tool. Or the film may be

shaped and stamped with a tool, subjecting the resin

to temperatures sufficiently high enough to set the

resin (e.g., by gelation,'incipient gelation (“near-

gelation”) or cure) while in contact with the tool,

25 thereby fixing a 'surface thereof to replicate the male

or female image of the female or male surface, as the

case may be. In this manner, the film of the inven-

tion is convertible into a male or female tool for

making a PB by debossing another film having the same

30 or similar composition, or the film can be .used as a
PB substrate.

. The elements of the essentially nonconductive ther-

mosetting resin film is that it is shapable. It has a

thin uniform thickness. It contains a thermosetting



as cal cul ated fromthe wei ght of
B) with mnimumand maxi mnum t hi cknesses not exceedi ng
set forth in Table A 25

devi ation factor
A .

resin filmfor a gi ven area;

t he

Range in mls Devi ati on Fact or

1to 5 [err] 1 m| (0.00254 .
cm 5to 10 [err] 2 mIls (O. OoﬁQﬁasmmn
cm WO 96/40509 10 to 250 [err] 20% P ow

flow at a broad tenperature range;

near - gel ,
250[err]C
VO 96/ 40509
17

a further
nonconducti ve
agent a divesse

el ectroni c grade f'

partially

el ast oner-type pol yetainshas pebosded d.mgeetdurlﬁg debosementompr tphased

d)zothe ability to cure, gel

at tenpepgsin that advdH@ss fPM add 20heE! kEthbAtr 2BOKhing a
in less than 30 about 7

days and nore than 1 second;
significant volat:.le byproductpihaticoui g ffect the

e) a | ongdakiegt bEC thenshirdd IﬂLIrJﬂe t her %&thﬁ&at&\e or more
|nprovenggt of the@inzgntlon

A8s &R mp°9ﬁ¥5%\???%1@ﬁﬁ?8§s

a_t herno

| h
EAGY B the (Sl nebREc A Bited Seuperactd dahgd &

Tabl e

or

I n

essentially
4&? tfFER| &0 it r ol
Smoldeqr @iphohit neédyfe alfiows lﬂﬂhs&s:amts, 1 provddiesor 18®r e
i S soluble or

(second phases) '”tﬁPSu% eEHPéeBI the f fum.“ “%h@e%lp &&aﬁn es, .un éx\!)a
t hi xotrope; and m xtur nor e 3 ?

i V). I gmh@xorawﬂmqu st Ct‘#@ |qfvéme| hermeeﬁt;im ngsm.
able,  essefpi all yeongngeAdeChEY ge1hkeLAPISEE! BBC-T18S65D Method 2.3.18)

15

20

or a condition that gives physical properties similar
to the state of gelation (i.e., incipient gelation) at
| in
Last
the film exhibits a low dielectric con-

temperatures as low as about 20°. to abéut 250°C.,
less than about 7 days and more than 1 second.
but not least,
stant (i.e.,
mation of an electric field within it) consistent with
the requirements of a PB.

the mold-
essentially nonconductive thermosetting resin

"In another embodiment of the invention,
able,

_film is metal platable and adheres to a conductive

25

30

metal film. In particular, the film is metal platable

and adhesively bondable ta metal foil that can be used

in the making of a stamping surface or for creating a
conductive pathway on the stamped and cured resin
film.
The Thermosetting'Resin

The

resin.

typical thermosetting resin is an A-stage

In some cases, it may be desirable to utilize
a B-stage resin but in the typical case, such is done
in combination with an A-stage resin.

resin will affect the viscosity of the resin formula-

1 This is to be contrasted with a conventional. epoxy resin glass
fiber fabric prepreg which on lamination results in flow of

possesses the ability to resist the for-

Such B-stage



filmis netal platable and adheres to a conductive metal film In

particular, the filmis metal platable and adhesi vely bondable to
netal foill that can be used in the maki ng of a stanping surface or
for creating a 20 conductive pathway on the stanped and cured
resin film The foil that is lamnated to the thin resin
film tlvelythln sheet of essentlally unlfor

t hi ckness as cﬁara erized by ANSI / | PC- MF- 150F, gbrmg%ﬁénapgd on
Qct ober 4, 1991, entitled: "Metal F&i for Pr| nt ed Wring
Applications,” pubgi&pegupyth t R ut.e. for ergonnect i and
Packagi ng El ec- troni ce 'F(]::S ?p'l%%%& th gellkﬁhAvgl Q-_ en¥bve

Li ncol nwood, the | lewsleof Tﬁbwlmmmyfqmv@% m%mm@wmefmeabout
30 0.1 m!| to wstoRRHE livendiyhng [err] 10 percent for de- :

posited foils and 5 %’ercent for wought fojls. Suit- abl e foroms of
the foil are of the SIRSEY oG HLIRg in thg, rapge £5PRs 15’Pﬁé49%|5f

sheet may be nade (CB‘S BH°vaonedsc.) are @ommoAdUItri& NBLSM1Ss AREr MBiAdin
al I oys, such as al VWO 96/ 40509
PCT/ US96/ 09838 . © J.n film thermosetting resin pgoducts J.H&A,pdlggp@e

chromium gol d, panddtmts ofgnemisiminventionNi CKatridr 388in Z6AC bignd the

i ke. Pr eferred al s | um n e ckel
Copper grade rlald arrde,, d EEZf ac?%%ri"%lg‘ &by PR &Fﬂ?% Nl'ﬂ%gd@ s

5 1.2.4.1. Tlfi@ifd@ul cyrratengsber areepas ateldy daehydene term:siae:@‘d t hat
i s adhesivealgyy bonded i@ | S iI'm r pﬁ}é
fornmed as a sheet bonldedt“!tat;9 ta}lsl% be th& i n Frelglrﬁo'?t? w{{)@')’ U tix

deposi tion t echni ffSinsTrRre the eREEXN| rﬁéﬁ6§vtla@# caanwb@eewaaséebn e

el ectrol ess and 1Gsulta@1@ctf.<s& yuk€é MR athedl pfadwicdYo Bl sSRHveRRIdY,. Vac-
uum deposi tion, qlé.fhellk Brief Description O The

Dr awi ngs "5&’@511’& ofpgsugl eH‘B‘Y fesing: iFeaFEesﬁﬂHﬂ’l’r@

15

resin through the edges.



side views illustrating enploynment of the filmof the 15 i nventi on.

~Figure 2 is a schematic side view of a line for the conti nuous
production of the filmof the.invention. Figure 3 is a schematic
view of a prior art system for making PB's. 20 Det ai | ed
Description O The Invention There are many conmer ci al

thgrnnsetting“kﬁﬁhﬁggive tsystems that can be used to produc cﬂ_i@ F 8

pl i abl e ad- hernosetting resin film For exanple

of such filnms are enployed in Synspand[err] 22hd Syncore[err], 25

expanded or expandable filnms th are sol d by The Dex- ter
Corporation. However, another dpe t off _i iﬁ Pch @ resin system
is athin isotropic thernos | i p-1RA hasAgs~afrenabl e to
bei ng subjected to a debogsi ng prints a printed

circuit 30 pattern therepon w thout creating nlsnatches of coeffi-
cient of thernal expansionaﬁwEISZé_eszmegg the f T deposi ted
thereon that could result in cr S grooyes® sockets, pads, etc.

Such a resin filmshould be capabl e of ef@Q QP debossnent preci sion
suffi - WD 96/ 40509 .
PCT/ US96/ 09838 o » Cient to

eventual ly generate a _PB or for formng tool useful in effecting
t he debossnment proced epoxy F%ﬁﬂ?ﬁgmfb bRempdifipd Pm|$qrﬂ§rﬁﬁightng

resin film pelreehd byvdncladiagagnt ¥hef rB8iAIFBEREL St Hon U5
e.g., stanped, with_.a Eool t.a relaglvelghlom/ten} ﬁerature uch as

tenperatures as | GWPA8“FPo8f Fﬁﬁpe?ﬂc ?ﬁﬁe?q-§£§ £o with
superior duplication of the pat- RS partlcularly desirabl e
that the thin t hernosetting resi §menable to a stanping 10
procedure that debosses a grooved pcorit & ci BEN tern thereon
with mnimlg | oss of debossnent precisiag R,

wherein X is a bisphenol linkage'and R1,2,3 and 4 are
ring substituents such as hydrogen, alkyl, aryl, and
the like. Illustrative compounds are:

Reped

10 Another preferred resin is one that is totally the re-
action product of one or more of the bis-aryl cyanate
esters. .

Catalysts gnd Hardeners
The epoxy resin systems contain epoxy curing agents
15 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,
amines hardeners, phenols, acid anhydrides, polyamides
and Lewis acids and bases. Desirabiy, the epoxy res-



of the grooved pattern. The filmshould be capable of retaining the

debossed pattern and the grooving t hrough a cure cycle wi thout flow
out within the pat- 15 tern, to produce a thernoset (i.e., cured) resin
frim that is enployable for making a printed - circuit board. On
the other hand, the thin thernosetting resin film ray be subjected to
flowinto the and cavities of a femal e tool, as"éﬁ%*ﬁ’gﬂ?
above, tofor%bg%)r‘mﬁlage 20 replication of e femal e tool. O the film
may be shaped and stanped with a tool ,“8ubjecting the resin to
tenperatures suffigiantdsy dhedNimaRitGbn Q@reelcdn®ned witheHatdeheds thht
gel ation, incipient gelation ("npear- gelation") or _cure) while in
contact with the t&3Te Jhe resddobP 13 xERAETHOSEY f SEBALRh&PRof tBheepmecat e
the nal e or ffeiydled haegenefst beefl afitthe ESmpRInRlsSUladAngaEriche di-
case ‘may be. In this nner,, the filmof the inv tion is

en- . .
convertible into aS¥aPdiaPifenm BOt oBFe#%r to aljphatric, Sa%by arameddicng
anot her fil mshavi ngntilnessanPré@fierredr asenthararomgitsi tandme s0reridompiaisis@dacan

be used as a u ., The el enents of the essentially
nonconducti ve ther-byp%é E?m%@‘t‘% ng resin filmis that it is shapable. It
has a thin uni formthi ckness. N, [Cont ains althernosetting

WO 96/ 40509 : US96/ 09838

20 resin that advances to a ¢Grg @t ml formng a
significant volatile byproduct that h quality of the
cured film It contains one or nore | 6W dontrol conponents that
allows the filmto be 5 mol ded without edge f+dw constraints, 1

provi des |ow whefrkdw Of ishenéi bmmoes &f i eHdrallenpe gaioupe shehgasard
the f11m  The TiFotadvatses tabhder s, ¢ ePiis,  -poomay ad: Ehe o
the thernosét®ti ng dd¥kien, Ra and Rb may each independently be one or more
of hydrogen, phehyl, alkyl of 1 to about 4 carbon at-
oms, alkenyl of 2 to about 4 carbon atoms, fluorine,
cycloalkyl of 3 to about 8 carbon atoms, and the like,
" xmay be 0 or 1, y may be 0 or 1 and is 1 when x is 1,
15 and z may be 0 or a positive integer, typically not
greater than about 5.
Another preferred class of hardeners are the ali~
phatic amines such as the '
alkyleneamines. Illustrative of suitable al-
20 kyleneamines are the following:
monoethanolamine, ethylenediamine, N~ {2-
aminoethyl)ethanolamine, diethylenetriamine,
piperazine, N- (2-aminoethyl)piperazine, triethyle-
netetramine, tetraethylenepentamine, pentaethylenehex-
25 amine; diamincethylpiperazine, piperazinoethylethyle-
nediamine,.4—aminoethyltriethylenetetramine, tetraeth-
- vlenepentamine, aminoethylpiperazinoethylethyl-
enediamine, piperazinoethyldiethylenetriamine, and the
- like.
30 Another class of hardeners, which can also be used
as extender of the epoxy resin, are the higher molecu-



10 to a state of gelation (see I PC-TM 650 Method 2. 3.18) or a
condition that gives physical properties simlar to the state of
gelation (i.e., incipient gelation) at tenperatures as | ow as about
20[err]C. to about 250[err]C., in | ess than about 7 days and nore
than 1 second. Last 15 but not | east, the filmexhibits a | ow
dielectric cong stant (i.e., possesses the ability to

for- rnﬂy on o?”an electric field within it) consistent mG@?ﬂdﬂ@%
the requirenents of a PB. I'n anot hé# enbodi ment of the invention

the nold- 20 abj gr welgRb! ig¥ilWoxYANKYNENE] poByaniitisTOSEH | BY 151'{5‘0'3éé1

filmis netal platable and adheres to a conductive metal film
particular, the fil®¥fisheetehloingafogmulas: ang adhesively bondabl e to
nmetal foil that can be used in the making of a stanping surface or

for creating a 25 cgﬂducti pathway on the stanped and cured
resin film %Mﬁé%@géﬁgﬁinnsetting RS Qpere vis 240 The typica
thernosetting resin is“an A-stade resin. In sone cases, it nmay be
desirable to utilize 30 a pB-stage resiy but in the typical case, such

i s done in con‘%’g%"g&gﬁ aﬂ:’ﬁ"éé%ﬁ' I @ Shre avcis Sid@ B B- st age

resin wll affect the Vi scoOsi y r eSi Or Nasidi ifts 845. This is to be

contrasted with a conventional eaepoxy resin gl ass fi ber fabric
prepreg which on Ianinati?npnngh&s in flow of WO 96/ 40509
PCT/ US96/ 09838 21 tion but they are
typically not relied Jﬁ t gchﬁg&e t he | eveatmerey.y i ragefdm?d0 f or t he

nost effective opera- gdﬂ“ﬁﬂmﬁ t he inventi on. Epoxy systens
curing in the range from 150[ eéy,] -400[err]F. 5 (65.5[err]-204.4[err]C.)

are conmon matri X re5|ns for maki ng ~ thin filmthernosetting resin
products i ncl udi ng thﬁy&mﬁnmmaquo ﬁ%ﬂﬂ#& fiere méd is about 82-86.

5 Preferred hardeners are diamines of .the formula:

¥sasW ﬁﬂ}

"4"

The hardener may be a moncamine such as aniline,

para-azﬁinophenol,_ and alkylated versions of them.

Other desirable hardeners are the reaction products of

10 - dialkylamines, ‘such as dimethylamine, diethylamine,

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

a variety of mono and diisocyanateé to form mono and

diureas. Any of the polyisocyanates listed below may

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

15 tration of useful hardeners are those encompassed by
the following formulas and descriptions:



products of this invention. Matrix resin of bis- mal ei ni de (BM),

phenolic, polyester, PVMR-15 poly- I mde, cyanate ester resins and
acetylene termnated. 10 resins may al so be used. The nost wi dely used
mat ri x - resins are the epoxy resins, and a wide variety are
suitable for use in the practice of this invention. [llustrative of
such epoxy resjy gfi,,g the foll ow ng: [err] PCT/US96/09838
15 res?§ rough t he edges. 8
25
NR,
NH_N
KSR ENCIR S
.°=( s
NR,
- R
GO
. RN w ua{o

wherein Ry is a monovalent group; Rx is alkyl, halo,
alkoxy, and the like; Rz is methylene, isopropylidene,
ethylidene, or a covalent bond; and s is 0-4.
5 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, D~
chlorophenylisocyanate, 3,4-dichlorophenyl- isocyanate
i0 or phenylisocyanate. '
Accelerators may also be used and 1nclude imida-
zoles and substituted ureas. Examples include 2-
ethyl-4-methylimidazole and p-chlorophenyl-1, 1-
~dimethyl urea.

15 The amount of the hardener employed is usually
stoichiometric on the basis of one amine group per ep-
oxy group in the resin. If the epoxide is a triepox-
ide and the hardener is a diamine, then the molar ra-
tio of hardener to epoxide would typically be about

20 2.5/3 or 0.83. A typical formulation would have a
weight ratio of epoxy resin to hardener of about'3/2
to about 4/1. Where any of the hardeners serve pri-
marily as extenders of the epoxide resin, then the
amount of the hardener in the typical case will be

25 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.



WO 96/ 40509 ' PCT/ US96/ 09838

22 [err] The epoxy resins nmay
be nodified up to 95 wei ght percent by including in the resin
formul ati on bis-aryl cyanate esters, such as those of the fornul a:
[err] 5 wherein X is a bisphenol linkage and R1,2,3 and 4 are
ring substitug&hgga# as hydrogen, alkyl, aryl, and t NBetisksne
Illustrative c unds are: %éerr] 10 Anot her
preferred resin is one that is totally the r action product of one

or more of the bisyahyl §Y8PaicCResins

| As noted above, other reactive resin systems in-
clude the various thermoéetting or thermosetting res-
ins inciude the bismaleimide (BMI), phenolic, polyes-
5 ter (especially the unsaturated polyester resins typi-
cally used in SMC production), PMR-15 polyimide, bis-
. aryl cyanate esters and acetylene terminated resins

are also suitable. '
A particularly desirable resin for this application
10 is the vinyl ester resin. This class of resin is
based on the reaction of unsaturated carboxylic acids
and epoxy resins or epoxy compounds. Illustrative re-
actants in forming the vinyl esters are the following:

Epoxy Resins: U I.I 1as:
) Aorylic Acid

a8
Ay
—

15 Typical of -the vinyl esters are the following:



e

esters. Cat al ysts and Hardeners The epoxy resin systens
eont ai n epoxy curing agents 15 to formsolid, infusible products. For
t hi s purpose, epoxy curing agents that are acidic, neutral or alka-
line may be used. Exanpl es include, anong others, am nes

har deners, phenols, acid anhydrides, polyam des “and Lew s acids and
bases. Desif € epoxy res- WO 96/ 40509

PeT Us06! oop 00 sbausts’ | 23 T et

i nvention are conbined with hardeners that 27 cure the resin to a

t her noset condition. The pre- - ferred-hardeners are am ne

conmpounds, ranging from di- i am de
aromatic 5 am nes. Preferredjiafen fﬁ4gm

by the fornul a: ~ L
one -or nore of a dival ent Yyroup stch as -

-NH,CO, -CONH, -OCONH, and the 10 l'i ke,

eas, to aliphatic and
wenconpassed
‘ wherein Qs
S02-, -0, - RaRbC,
and Rb may each

i ndependently be one or « O rggen | kyl of 1 to
about 4 carbon at- : ke o} 10 a op-at ons,
fluorine, cycl oal kyl o 31"t out.8‘€§f‘ agl gHe |ike,

X may be O or 1, vy may be 0 or 1ltand is 1 when xlwis 1, 15 and z may be 0
or a positive integer, typicallsy not greater_tdan about 5.

Anot her preferred class=§£ &K rs are the ali-§} phatic am nes such
as the p j p ° puy

sl EAPERY
OO

In the above formulae, w is a positive value of from
about 1 to about 20, preferably from about 2 to about
10.
5 The vinyl ester resins may be used alone or in com-
bination with monoethylenically unsaturated monomers,
such as styrene, o-methylstyrene, m-methylstyrene, p-
methylstyrene, ethylstyrene, o-vinyl-xylene, o-
~chlorostyrene, a-~bromostyrene, vinylbenzylchloride, p-
10 tert.~butylstyrene, methyl methacrylate, ethyl acry-
late, propyl acrylate, butyl acrylate, butyl methacry~
late, propyl methacrylate, butyl methacrylate, lauryl
acrylate, 2 - ethyl hexyl acrylate, ethyl methacry-
late, and the like,



alkyieneanines. " Illustrative . of suitable al- 20 kyl eneam nes

are the follow ng: nonoet hanol am ne, et hyl enedi am ne,

N ( 2- am noet hyl ) et hanol am ne, di et hyl enetri anm ne,

pi per azi ne, N- ( 2- am noet hyl ) pi per azi ne, triethyle- net et ram ne,
tetraet hyl enepentam ne, pentaethyl enehex- 25 am ne,

dlan1noethylp pi per azi noet hyl et hyl e- nedi am

4- am noet hyl tri e?ﬂ&#enet etram ne, tetraeth- yl enepent ampéaremssomsss
anlnoethylplpera2|noethylethyl- enediéﬂﬁne,

pi per azi noet hyl di et hyl enetriam ne, and the l'ike. 30 Anot her

cl ass of hardeners, which can al so be used as extender of the epoxy
resin, are the higher nol ecu- WO 96/40509

PCT/ US96/ 09838 2 : ht oP
(oxyal kyl ene) ponaﬁﬁ&E"’\{' of th% IIo

[err] ' j]Eh Qﬁm

S asesea f&

G P ' o
o
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diethylene glycol dimethacrylate, 1,4-divinylbenzene,
and the like. In the above, n is 0 or 1.
A number of vinyl ester resins require the use of
5 solvents such as methyl ethyl ketone, acetone, tolu-
ene, and the like.

The vinyl esters may be cured by any free radical
mechanism,'such as by photoinitiation and/or by use of
percoxidic compounds. A photoinitiator may be included

10 in the formulation, as an optional ingredient. Light-
initiated curing of the vinyl ester alone or with
other polymerizable materials involves photosensitiza-

tion of light-sensitive compounds by ultraviolet or



5, Preferred hardeners are diam nes of the fornula:

The hardener may be a nonoam ne such as aniline, ' par a- am nophenol ,
and al kyl ated versions of them QO her desirabl e hardeners are the
reaction products of 10 di al kyl am nes,- such as dinethyl am ne,

di et hyl am ne, met hyl et hyl am ne, di-n-propylamne, and the like, with

a variety of 1o1gTolp di i socyanates to form nono and Any
of the polyi socyan‘g es |i sted bel ow may be so react edW%i’s’%E
har dener . Specific illus- trati on @ useful hardeners are those

enconpassed by visif i:%lle’w' Re1EAY mixfj‘st@ﬂg C‘I‘?ﬁ)%é%?%%% 3§olymerlza-

WD 96/ 40509
25 tion of the repsdp jmaterials. The photoinitiator may

comprise a combination of a photosensitive ketone and
a tertiary amine. Typical photosensitive ketones in-

5 clude benzophenone, acetophenone, thioxanthen-3%-one,
9-fluorenone, anthraquinone, 4’-methoxyacetophenone,
diethoxyacetophenone, biacetyl, 2,3-pentadione, ben-
zyl, 4,4’-methoxybenzil, 4,4’-oxidibenzil, and 2,3-
bornadione - (dl camphroquinone). Typical t'ertiary

10 amines include ethyl-4-dimethyl amino benzoate, ethyl-
2-dimethyl amino benzoate, 4,4’ -bis (dimethylamino)
benzophenone, N-methyldiethanolamine, and dimethylami-
-nobenzaldehyde.' Any of the known photosensitizing
system that can function effectively when exposed to

15 light may substitute for the above-named compounds or
combinations. The amount of the photoinitiator should .
be sqfficient to initiate polymerization in a selected
resin and complete it in depth within about half a mi-
nute when the resin composition is exposed to a visi~ -

20 ble-light output of at least 5,000 foot candles. 1In
addition, any known free-radical scavenger (anti-
oxidants) such as butylated hydroxytoluene can be used
to scavenge small amounts of free radicals generated
during extended shelf storage.

25 The curing of the vinyl ester is primarily effected
by a thermal initiator, which is a typical thermal
curing agent known in the art. Illustrative of these
are benzoyl peroxide, icumyl peroxide, me'thyl ethyl
ketone peroxide, ditertiary butyl peroxide, tertiary

30 - but&l hydroperoxide, tertiary butyl perbenzoate, Lu-
perox 118 (sold by Wallace and Tiernan, Lucidol Divi-

. sion, 1740 Military Road, Buffalo, NY 14240), cumene

‘hydroperoxide, or other suitable peroxides may initi-

ate polymerization of the polymerizable ethylenically



<

V\,herel nRyis a nmonoval ent group; Rx is alkyl, halo, al koxy, and the
1ike; Rz is met hyl ene, i sopropylidene, et hyl i dene, or a covalent
bond; and s is 0-4. 5 Preferred urea hardeners are those that are
the re- action products of dinethylamne with m xtures of 80%
2,4-tolylene dii socyanate and 20% 2, 6-tol yl ene dii so- cyanat e,

poI ymeric goyanate, p- chl or ophenyl i so te
3, 4-di chl orophen9+ I'socyanate 10 or phenyli socyanate. %R?s

Accel erators may al so be used and i ncl ude i a- . zoles and

substi tut ed ureasunsat@ﬂaei %"om;idﬂia'dt‘ie of2the prlmgi'pyéoa[]t#ﬁ%hyﬂ‘ zol e

and p- chl or ophenyl - di met hyl urea of
the hardener enp?’ﬂ?%%lr P%nﬁ%ﬂal pyroxide mayi bRi sreds |t@96ﬁh?ﬁew@é;§m 52'0f

one am ne group pel'iy&ﬁox%]eth toliu@dinke? thead essN.cdrmdnNeL8POX M ds @
tri epox- I de and. t ener is a diiamne, then the nolar ra-

tio of hardener td"eki 82 %UFHchﬁ aﬂ‘?tflbe“ nases, 2.g.3 fFokrMs.

A typical fosnul atigghtketlate)aund the 1ik®) ohith dd ot iofrye RGNS Sud
har dener of about 3/2 t o about 4/ %BQ F\;%ere an Qf fhe hardeners serve

pri- marily ¥ %’5&%&? &1 1Pfe ¥ idicheatag¥st. - anount
of the hardener in tHthe ypmoahtcasfe wakhlpst25s thﬁﬁc&h]ﬂhﬁnthhat gesaial |y

enpl oyed for harde,m €i1itatess P dgur?%ﬂﬂi?e%%‘%%t Qgﬁab% ruq:esners

and with otherég£ €nérs are wthinthe con
i nventi on. at @Oteapdpab@re greater than 25°C. Generally, the

PCT/ US96/ 0 8 Usef Resi ns
As not ed agfg@e ot%atalryesg'ctsly\%:eF‘egllllsystéﬁgs ghan aboucgcrhﬁijew?w é’r‘ﬁro'us
thernosetting or témrthoskttheigrestn formulation. As a rule, the cata-

lyst system will range from about 0.1 to about -8
weight percent of the resin formulation. |
Thickening _

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

i) one or more électronic grade filler;
ii)a thermoplastic resin that is soluble or partially

20 soluble in the thermosetting resin;
iii)an elastomer-type polymer that provide discrete

elastomer phases (second phases) in the thermoset-~
ting resin matrix;
iv)a thixotrope; and
' 25 v) a mixture of two or more of i}, ii), iii) and iv).
Illustrative of suitable electronic grade fillers
are aluminum oxides including alumina trihydrate,
coated aluminum nitrate, silicon carbide, diamond,
ground cured fiber reinforced thermoset resin, as well

30 as a variety of thermoplastic and thermosetting fi-

' 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 -

polyethylene terephthalate; Kevlar™ polyaramide; poly-



I ns ihclude the bismal eim de (BM), phenolic, polyes- 5 ter (especially

t he unsaturated polyester resins typi- cally used in SMC production),
PMR- 15 pol yi m de, bi s- aryl cyanate esters and acetylene term nated
resins are al so suitable. A particularly desirable resin for
this appli cation 10 Is the vinyl ester resin. This class of resin is
based on the 5‘% of unsaturated carboxylic acids aﬂﬁ

resins or epoxy C %@unds. [Ilustrative re- . actants | n ﬁ%ﬁhe
vinyl esters are the following: [err] 31 Typi cal of

}:2(13'/ \L/JISS%} oggggrs aLgrbORatol! QWiRY, poiy (2,2-bMP ?ﬂffgégﬁphenyl) pro-
pane carbonate)); polyarylates (viz., poly (2,2~
bis(1l.4-oxyphenyl]) propane terephthalate); polyimides;
polyetherimides, such as Ultem™ 2; polysulfones (see

5 U.S. Patents No. 4,175,175 and 4,108,837), such as
Udel™ and Radel™ A-4003; the polyethersulfones (see
U.S. Patents Nos. 4,008,203, 4,175,175 and 4,108,837),
such as Victrex™ 4; polyarylsulfones; polyaryla-
mideimides, such as Torlon™ 5; and the acrylics and

10 modacrylic fibers; and the 1like. The thermoplastic
polymer used in providing the thermoplastic polymer
may alsc be made from condensation type polymers used
in forming the film, such as nylon-6,6; nylon-6; ny-
lon-4,6; polyester from polyethylene terephthalate;

15 Kevlar™ polyaramide; polycarbonates (viz., poly (2,2-
bis (l.4-oxyphenyl) propane carbonate)); polyarylates
{(viz., poly (2,2-bis(l.4-oxyphenyl) éropane terephtha-
late); polyimides; polyetherimides, such as Ultem™;
polysulfones (see U.S. Patents No. 4,175,175 and

20 4,108,837), such as Udel™ and Radel™ A-400; the poly-
ethersulfones (see U.S. Patents Nos. 4,008,203,
4,175,175 and 4,108,837}, such as Victrex™; polyaryl-
sulfones; polyarylamideimides, such as Torlon™; and
the like.

25 A particularly preferred class of thermoplastic
polymer for providing toughening and as a flow control
aid for the thermosetting resin formulations are the
polyurethanes of the formula::

" 2 Available from Gene\'al Electric Company, Plastics Business
Group, Pittsfield, MA.
3 Manufactured by Amoco Pexformance Products Inc.
4 Available from ICI Advanced Materials, Wilmington, DE 19897
5 Available from Amoco Chemical Company, Chicago, Ill.



27 [err] _ -I'n the above
formulae, wis a positive value of from about 1 to about 20,
preferably from about 2 to about 10. 5 The vinyl ester
resins may be used alone or in com ~bination with nonoethylenically
unsat ur at ed nononers, such as styrene, o-nethylstyrene,

m et hyl styre - nmet hyl st yr ene, et hyl styrene,

[err]-vinyl-x&ﬁgﬁ fmm9[err]- chl orost yrene, [err]-bronﬁg?vF%ﬁﬂﬁns

vi nyl benzyl chl ori de, p- 10 tert.-butyl styfene, nmethyl nethacrylate,

et hyl acry- | ate, propyl aerylate, butyl -gcrylate, butyl nethacry-

| ate, propyl nethacrylate, butyl} nethacrylate, | duryl acrylate, 2 -

et hyl hexyl acryl ate, @hpxl r’@thacry- o gat¢, ang the |/i(&-l)b
~N o
- R? X x. L R (1)
\N NT \NJLO-R-O)L"‘ |lq |;]
ol & H| H H

wherein 2a and b are each 1, 2 or 3, n is at least 1, X
is a divalent organic radical containing at leaét two
carbon atoms in which the N's are bonded to different
carbon atoms of X, R is an aliphatic polyester or
S polyalkylene oxide wherein
e the aliphatic polyester is a polyester of an
alkylene diol and an aliphatic carboxylic acid, or a
-polycaprolactone polyol, and
e the. alkylene group of the 'polyalkyleng oxide
10 contains on average greater than three carbon atoms
and not greater than five carbon atoms, and.
Ro is an organic aromatic containing group in which
the OH and N bonded to the Ro group is bonded directly
to different aromatic carbon atoms. Synergistic

15 combinations of the polymer of formula (I) and other

" toughener polymers are useful in improving the
toughening properties of the thermosetting resin
formulations for making printed circuit board
composites. .

20 This invention includes the use in the thin film
thermosetting resin formulation of a miscible or
partially miscible linear polyurethane polymer
containing phenolic. hydroxyl functionality for
reaction with a thermosetting resin comprising

25 a linear polyurethane of recurring units containing
linear ester or ether moieties or a combination of
ester and ether moieties
which are interbonded through urethane groups and



VO 96/ 40509 ' PCT/ US96/ 09838

28 ~ ferr]

di et hyl ene gl ycol dinmethacrylate, 1,4-divinylbenzene, and the like.

In the above, nis 0 or 1. A nunmber of vinyl ester resins require

the use of 5  solvents such as nmethyl ethyl ketone, acetone, tolu-

ene, and the 'dvﬁ%mosw PCT/US96/09838
33

uriedo bonded phenolic hydroxyl-containing terminal
groups.

These linear peolyurethane toughener polymérs ‘may
contain uriedo bonded phenolic hydroxyl-containing

) terminal groups of the formula:
@a o 0 0 o o0y
N 0 o
RZ, X Jx R -
\'Iq NJ/ \NJLO-R-O/[L"‘ i \hll glq
oAl & H| H H
L ~in

wherein a and b ére 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
different carbon atoms of X, R is an aliphatic
10 polyester or polyalkylene oxide wherein
e the aliphatic polyester is a polyester of an
alkylene diol and an aliphatic carboxylic acid, or a
polycaprolactone polyol, and
e the alkylene group of the polyalkylene oxide
15 contains on average greater than three carbon atoms
and not greater than five carbon atoms, .and
Ro is an organic aromatic containing group in which
the OH and N bonded to the Ro group are bonded
directly to different carbon atoms and the OH is
20 bonded directly to an aromatic carbon atom. An
improved version of the polymer of formula (I) is the
polymer of formula (II).

wherein x and y are 0 or 1, R’ is hydrogen or alkyl of
1 to about 3 carbon atoms, and Rl, R2, R3 and R4 are
25 hydrogen, nitro, halogen or alkyl of 1 to about 4



The vinyl esters may be cured by any free radical mechani sm such as
by photoinitiation and/or by use of peroxi di ¢ conpounds. A

photoi nitiator may be included 10 in the formul ation, as an opti onal

i ngredi ent. Light- initiated curing of the vinyl ester alone or
wth ot her pol ynerizable materials involves photosensitiza-

‘tion of |ight- senS|t|ve conmpounds by ultraviol et or WO 96/40509
PCT/ US96/ 09838V0 96/40509 - 34 vi si 1Y

which, in turn, inghkBbRS AAYMETEr i 24" a preféﬂﬁ!’& oémxschﬁnfee&l NofBESERALS-
The phot0|n|t|ator hot osensi tive

Co |
ket one and a‘FértF&PycéﬁPng t?yﬁPEﬁHbBH 8§eﬁ§?t$vgrﬁe?8ﬁ%% djatesg
clude benzophenongepagaetaptenesach hoehart tgn- &coeast one 9af:bu@tﬂaone,

ant -hr aqui none, hoxya etophen ne oxyac henpne

bi acetyl, 2,3- pent&ﬁFb Bg X Agre 4§9F15#§;? E§ﬁ§? ae 2
4,4'-oxid|beBZ|I taﬁdheﬁeﬁ polymertnﬁwthﬁ foemuldk canphrqu|none)
Typical tertiary 10 am nes A ncl ude et hyl 54-di net hyl am no benzoat e,
et hyl - 2-di methyl am no i §(di met hyl am no)
benzophenone, N net hyl di et hanol
nobenzal dehyde. An) ng;ﬁb
function effectivempathdn exp gl =)

above- naned conpounds onbi nati ons.~Mhe anount of the

phlot o] nijt i ator shoghd th(;s eﬂﬂlﬁoﬁﬁéﬂﬁ;i Em:l(bjltﬁlsl R tdbéflend) YoRFdmERs | ghoup a
sel ecte resin_.and,coppl et in th within, ahout m :
nute When the resifi® 80 o8] ?S ey%ogng%{%&;%ﬁlgmbogbmen b?% ??%h n=
out put of at Ieastvénﬁmenfowlthandbpect toénthe polgmertobHnformylknoid),
free-radical scavegg (@an oxpdants) C Sphu a

hydr oxyt ol uene cangbghg ngE:e eacp 1é g\g/i_ nég s%gl Pngrr%gn% J"'o#l&?ilr'% SR adt cal s
generated 10  dupndgbearenliedndir|hastadreajaie Zmch thatThhecweight odvt he
vinyl ester is prigRphlbYmBibeGi&F weight of the polymer is about 20,000

to about 120,000. Incorporating this preferred em-

bodiment in formula (III), ROl is methylene or ¢ is O.
In a further preferred embodiment is a polymer having
15 the formula: ' '

- OL,. A

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-

20 kylene groups thereof have an average value of about
3.5 to about 4.5 carbon atoms. A most preferred
polyurethane polymer has the formula:

udSVeRe A AT ?JL?O*

(V)



by a thermal initiator, which is a typi cal thermal curi hg agent known

in the art. Illustrative of these are benzoyl peroxide, dicunyl
pef oxi de, nethyl ethyl ket one peroxide, ditertiary butyl peroxide,
tertiary 30 butyl hydroperoxide, tertiary butyl perbenzoate, Lu-
perox 118 (sold by Wallace and Tiernan, Lucidol Divi- - sion, 1740

MIlitary Road, Buffal o, NY 14240), cunene hydr oper oxi d

sui tabl e per oS40y initi- ate pol yrreri zation of thMWéabl e
et hyl enical ly WO 96/ 40509 '

PCT/ US96/ 09838 ynsat ur at ed
components of the BPERREID BoRRFng. VRbPeeRuch that Oté}ﬁbl‘%el ARTARE PO de
may be used toget htecublah @eight of therpalwidy|igp-dbuti EH000 td dbdut
common to conbi ne ale s u t henat .
cobalt 5 naphg‘ﬂ ?0 gﬁ%\ld ft hgﬂﬁtlék%, Gg\lll?% ggr?&:ara%g%% g"és I?Esﬁ"ufcere{"a%ly

as di methyl anili nérom th tmeab@\ibxﬂﬁi,c meyealpesiferably from Taloowtrndinttoof
catalyst is bypi Cabbyut N8, R most pretBRbnCiskbhdisty, .%éﬁesC'aée aticluldi N

| ess-than ten hours enperature g ter than 25[err]

General |y, the 10 42. cEhal ysmsyé%ehmmwfbegww tnmh%cm the \Qaitdiey

per - cent OhetdCokCYata %M@idt@" pretekdii! f if h@héabﬁra posi-

| yst systemwi Il range from about t o about wei ght percent
of the resin formFdffon. Thlckenlng 15 As not ed above,

t hi ckeni ng of the resAnpraféor8ingolyurethihe isl ahénnakniﬁg ahenca@dladt i on
intheremEoformJ Iatlﬁg)

f i |
grade fille wei??s afFRE, ﬁflg tzlo('f 009 tq [a%? Ones-"%rsodl ﬁee‘%ﬁeec Fﬁlé’l ly
20 sol ubl e i abolke tIwHOOEsetdi mbowsi 210,000, and )most| gatefieablype

pol ymer that provigdg, 9&5§56680 to aboute'fé%t 805! BB2RES byeERLd ARAAIGSH ' N

t he t hernoset -
of a poly-l 4—butylene ‘oxide diol having a molecular

weight of from about 650 to about 5,000 with a stoi-
15 chiometric excess of methirlene _diphenyldiisocyanate
capped by feaction with o, m or p-amino phenol.
The‘polyurethane polymer suitable for use in the
thermosetting resin film formulation can be a modifi-
cation such as those made by the following reactions:

20 or




iV)ﬁ t hi xot r ope;
M) .

al'um num oxi des including alum na trihydrate,
silicon carbide,
as wel |

nitrate,
t her noset resin,
t hernosetting fi-
t hese

as nyl on-6, 6;
t erepht hal at e;
PCT/ US96/ 09838
(viz.,
pol yaryl at es

t erepht.hal ate);
pol ysul f ones
such as

uU. S. PatentsSNos

(vi

and 25

nyl on- 6;

UdeI%err%

di anond,
30
bers.

ar anm.de;

oadid-xRad
03, 4,175

v) a mxture of two or
Illustrative of suitable electronic grade fillers

nor e of

iii)

coated al um num °

1), ii),

ground cured fiber reinforced
as a variety of thernoplastic and

The t hernopl astic pol yner

f WRP6M0508 be made from condensation type pol ymer®€F

nyl on- 4, 6; polyester 36o0m

KevIangrrL poI

used |n form

polyethylene

AYER NG DI an

m desS,  such asS Ite

ether sul f
theé éﬁ

qr;:e S

and-
are

sE’guch

ure harne ponmers gpre spec.b% &40509 ed
poly (2, 2-bildinedrs- pcxypthmtyhangx o-formed -bpanehe cardmataiar) ) of a

poﬁliso§§LXate( g t?e ﬁ}ﬂﬁdﬁgl 6‘8
(seealkyleney @0l P&’tfentlse N@rmulalm-ﬁ-@ﬁ ang 41,'.11@8,1!881):

S &, 35 sydf) RRlat

(see

Victrex[err] 4; pobpéwyxbsulé@mebss pchegarvdlme of n aﬁdeieﬁ:dmsi, sm::iveas

Torlon[err] 5; andfgﬁgogg
t her nopl asti

i ke. The

HYL&CéhQ”QF&Qtlon

SRCL A

in pro

t her nopl asti c pol yRdisocyanategy eﬁ%%%dé@r oms@ondéﬁsatm%“ﬁr’-‘!@pe the

pol ymers used
| on- 4, 6; pol yest er

polyirbehshéd iAe1ddd r&hesmlaﬁiﬂgl on- 6, 6

nyl on-6; ny

é?ﬁfﬂé%ﬁﬁ?coﬁygﬁndkhe

pol ydr am de; ponuQFEoﬁéfé§°° %¢§t°°¥ﬁﬁ3f(2 pL, 2‘d115°q¥%9i29%¥h§P$phenﬂl)
propane carbonate XYoV PSEURLS o WAV poly .
(2, 2-bi s( 1. 4- oxyp m 3 MY 2-dﬂww__
pol yether i i des, |deA-311ppéyanatohutane b ind deqyenatopentancha: i s
No. 4,175,175 and|2@6-diigogypngachiexaffn asj iéfﬁﬂcymmrerr]
A- 400; the poly- : — yl)ether
bis (3-isocyanatopropyl) 1,7-diisocyanatoheptane
sulfide
1,5~diisocyanato-2,2- 1,6-diisocyanato-3-
dimethylpentane methoxyhexane
1,8-diisocyanatooctane 1,5~diisocyanato—~2,2,4~-
trimethypentane
1,9~diisocyanatononane 1,10~
dlsocyanatopropyl)ether of
) 1,4-butylene glycol
1,11-diisocyanatoundecane |1,l12~diisocyanatododecane
bis(isocyanatohexyl) sul- |1,4-diisocyanatobenzene
fide
2,4~diisocyanatotolylene 2,6-diisocyanatotolylene
1,3-diisocyanato-o-xylene |1,3-diisocyanato-m-xylene
1,3-diisocyanato-p—-xylene | 2,4-diisocyanato~1-
chlorcbenzene
2,4-diisocyanato-1- 2,5~-diisocyanato~-1-
nitrobenzene nitrobenzene
2,2-bis(4-isocyanato)- bis(4-isocyanato) - phen-
phenylpropane . ylethane
4,4’ -diphenylmethylene di- | 3,3’-diphenyl-methylene
isocyanate . diisocyanate
polymethylene isophorone diisocyanate
poly{phenyleneisocyanates)
10 and mixtures thereof.
The preferred polyisocyanates are TDI, i.e., the

mixture of 80% 2,4-tolylenediisocyanate and 20% 2,6-

tolylenediisocyanate,

or the individual monomer

2'4—



et, hersul f ones (see U. S. Patents Nos. 4,008, 203, 4, 175, 175 and

4:308, 837), such as Victrex[err]:; polyaryl- sul f ones;

pol yaryl ami dei mi des, such as Torlon[err]q; and the like. 25

A particularly preferred class of thernoplastic pol ymer for
provi di ng toughening and as a fl ow control aid for the thernosetting
resin fornul atio e the pol yur et hanes of the fornula.

2 Avail abl e fﬁv&#@%& al Electric Conpany, Plastics Busi nessh"al"l‘msgm9838

G oup, Pittsfield, MA . 3 Manuf act ure@fy Anoco Performance Products
I nc. 4 Avai nced enL Wl m on, 897

5 Avail able from A{:éf’%féé&’ﬂéq@y&?‘l 2 Chi %é i‘bﬁ | . L DE%M?

96/ 40509 tolylenednsocyanate (2 Gmmusaeﬁom i.e., 4,4'-

32 [er&lphenylmethylémeereﬂﬁllgo g&lrﬁ)t@re BN 3,32 Qfgﬁen%-is at

| east 1, X S dival ent” organi c radi cont al ni ng at
carbon atons in Wrﬂ‘%ﬁhlt’h%“?\l sAhiOYANRER  t 0 OF| fFéPen#—nleldu%-’ar beenememns of

X, Ris an ai phatapqpoayﬁ%rwlﬁthyiene pOhyﬁéMeﬁ{&eOXI da, wnenstﬁ ox
[err} the allphatl ester is %gﬁol yester of , al kyl ene di oI
and an aliphatic c x%jrl?kte"&@r‘?? ege dl"s"cya“ate (3,3’-MDI).

The polyalkylene ether or oxide diol comprises a
divalent alkylene oxide moiety wherein the alkylene
groups contain, on average, greater than three carbon

10 atoms and not g¢greater than five carbon atoms.
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

15 oxide, 1,5-pentylene Oxide, 1,2-hexylene oxide;
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,

20 preferably greater than 3.5 and as high as about 4.5.
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

25 adhesive applications. Such exclude the polyethylene
oxide diol hémo-oligbmers and the polypropylene oxide
diol'homo-oligomers from consideration in forming the
polyurethane tougheners.

All of the polyalkylene oxide diols used in making

30 the. polyurethane tougheners/flow control  aids are
prepolymer§ of the alkylene oxide(s), created by the
polymerization of the monomeric alkylene oxide. Such
prepolymer formation as well as .their reactions to

form polyurethanes is notoriously well known. Of the
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pg:yc?Erolactone_polyol, and [err] the alkylene group of the

Bi yal kyl ene oxi de 10 contains on average greater than three carbon

at ons. ~and not greater than five carbon atons, and Ro is an

%ngpgﬁpa{gnggkgegogpaln;rg group in which the OH and-N bonded to the
up | d direc to diff [

Synergistic 15 conbinat?ons of the polyﬁésngf ?L?ﬂﬁféc (fiL;;;LdJ;;;nE.

t oughener poWwomsrkese®are useful in inproving the t ougheni ng r

properties of the thernpsetting resin Iornul ati ons for naking
prlrtgd circuit  board . conposites. 420 ; NI §akBYENiGHON
includes the use iPrepRLYPRTS4i|f/h Pe etr%(gr moselting resin formil ttiﬂ:)?] of
a nmiscible or poPphétBzdtyiomi scidfl e 1, fnkutylensg yur OidRe ot §rver

cont ai ni ng phenolic _hydroxyl fupgct L,o i Olyei 9 '
thernosetting resi ﬁe'ﬁ’éﬁ%ﬁg?%%r%) egahl ??égpbégfr meétgﬁgnedfgﬁdggtrﬁw’ﬁﬁ °
units containing 650 tbi abautebtBP0or BUPRPFRRAINSLSHATE 88%?133}710%901‘

ester and ether noieti i i
groups and .avaif%%lBG/ ﬁﬁéfg'gcbu%ﬁt | N{fgdwndak t iamegh Terathame®.
PCT/ US96/ 09838 Terathanes® range in.moleculay weightg, Iagd%ogoﬁae%bout

phenol i ¢ hydroxyl - ¢cegt gi i [
pol yur et hane toughgﬁgradg)l§ﬂe?§gl§a3r?é sbout @000psas well as Thodechinbar

hydr oxyl - cont ai ni ngeight i uco% NGl %&Oﬂdﬁiﬂgﬂ@nghac

' ’ gower m‘g?eit?.ﬁ iﬁ% %vferj.%nioran:e aélso available[.err]

10 Such prepolymers provide low water absorption,
flexible molecular structure, hydrolytic stability,
and commercial availability aﬁ a moderate cost.
Terathanes® have the formula HO (CH2CH2CH2CH20)} tH where
t has a value of about 8-9 to about 40, though higher

15 and lower values are avaiiable, and suci: 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

20 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 4,47 -MDI is the chain extender, DuPont
advises that 1,4-butanediol is the favored chain

25 extender. However, this invention does not rely on
other monomers as chain extenders or curatives though
chain -extenders can be employed to raise the molecular
weight of lower polyurethane prepolymers prior to the
capping step in making the polyurethanes.

30 ‘i‘he polyester diols useful in making the
polyurethanes are pased on the reaction products of an
aliphatic dicarboxylic acid derivative -(such as the
acid halide or ester) and an aliphatic diol derived

from an polyalkylene oxide diol such as an alkylene
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wherein a and b are each 1, 2 or 3, nis at |east 1,

each X is a

di val ent organic radical containing at | east two carbon atons in
which the N's are bonded to different carbon atoms of X, R is
an aliphatic 10 pol yester or polyal kyl ene oxide wherein [err] the
a:!pﬂatlc pol yester is a polyester of an al kyl ene di ol and an
aliphatic carboxylic acid, or a pol ycaprol act one pol

[err] the al W9%6M4850%r oup of the pol yal kyl ene oxi de 15 %{%’%%

average greater than three carbon atons and not greater than five

carbon atons, and Ro s an@&ﬁgﬁn arqnati c conéa$glgg§g
ﬁﬁ#ﬁﬂ? omsS i PEc

the OH and N bondSH$ tPe Rotor

roup in which
40°8i tPEr ent

carbon atoms and {&gci3dbn S A0 e-chppdidctoné eciith (2 mrtﬁrzon&tﬁg@n&ar bon

atom roved verS|on of the polyner of fornula IS the
pol ymer of fornulﬁ?gf hese  polyestef [éPFFS are ctatlyng y
are 0 or 1, R ISahaﬂIamw Ofna&lekxhlﬁf Thdyt 0 adleout tPpLesaboy atless, and

about 4

Rl, R2, R3 and f 9%
an R4 ar 5. drogetablnltrothgalog o E“J%Gréa;fﬁneg

PCT/ US96/ 09838

(1),

t he car bons

10

15

20

polyalkyﬂknééﬁmﬂub dilols pﬂhbeer@haﬂmﬁmnﬂrdaﬁinablbodnula

ERe‘“QL&QtEQS gfl Q:@lg: N A AURIG- & Ehose that possess

low water absorption, £flexible molecular structure,
hydrolytic stability, and commercial availability at a
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
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 %,
preferably not more than 10 mol %, of the acid compo-
nent of the polyester, qf an aromatic dicarboxylic

" acid such as o-phthalic acid or anhydride, isophthalic

25

30

acid, terephthalic acid, their respected anhydrides
(where chemically possible), acid halides, and esters.
In addition to the above polyesters one may also use
dicyclopentadiene modified unsaturated polyesters like
those described in U.S. Patent Nos. 3,986,922 and
3,883,612, so long as the polyester is linear. The
organic diol employed to produce the polyester may in-
clude the alkylene glycols such as ethylene glycol,
propylene glycol, butylene glycol, dipropylene glycol,
diethylene glycol, neopentyl glycol, and the like, and
the polyalkylene oxide glycols such as triglyme (b.p.



separated from each other by at [|east one aromatic carbon atom
enbodinent is a b5 t oughener polyner of the formula:

pore desirabl e

[err]
cis O or

1

In this enbodi ment, ROl is a dival ent organic group
In a preferred enbodi nent of the in- vention, with
respect to the polymer of formula (I1),

and

x and y are each 1, Rl, R2,

A

R3 and R4 are hydrogen, a 10 and b are 1 and n has a Va'ﬁ%ﬁﬁﬁyga at the

wei ght av-

RO1 is nethylene or c

WO 96/4€509.0e nol ecul ar wei ght of the polynmer is a
to about 120, 000.

formula (I11),

I ncorporating this prefanred enr bodi nent |n

embodi ment i s a pal§ieen haetrggipme “Ph@ f%??n?l A ' Erfprépylene Pafydal,

[err]

su t t wei ght aver age no-
| ecul ar wei ght ofg%gﬁékﬁﬁ%%¥§ﬂa ?&2% . ggdoﬁﬁgtifmgkoutg 0

i s a polyal kyl ene ox¢hﬁ&ﬂr¢%ﬁﬂ¥#ﬁ§#ﬂ?eﬂ lingan ROL¥LIHE
an average val ue g o ¥

preferred

10
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25
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110, 000 and R

3 : A N F9have
t 1 *h t fydean ByOonBe t

pof: %hs er yur a’iﬂé&l is4.&f s actﬁa.nge)fr]

ane pol yner s .the fornul a
more than ong m¥> r%athe du.socylanate for each moie

of the polyalkylene oxide diol and/or polyester diol.
The amount of the  stoichiometric excess of the

~diisocyanate will determine the degree of

polymerization (n) of the polyurethane. A
stoichiometric amount of the diisocyanate to the diol
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
formation step, then stoichiometry should take that
into account, because water will generate more near-
terminal residing |urea, as well as terminating
isocyanato groups appended thereto. The level of

excess diisocyanate will determine the degree of

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.

The hydrox_y aromatic amino compound for terminating
the isocyanato containing poiyurethane is preferably a
struct-ure of the formula:

Roohe L
| mor;i):_;“‘v’c' v (VD)

wherein the combinatidén of R0O0 and R02 is equivalent
to Ro and ROl defined above, and in particular, ROO
may be a covalent bond or a divalent non-aromatic

group such as alkylene, alkylidene, oxygen, carbonyl,

further preferred
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35 wherein n has a val ue such that the weight average no-
| ecul ar wei ght of the polynmer 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 preferably from about 6
t o.about 42 .  The term nal hydroxyl groups may be in t t
nmeta or pargwﬁagﬂFw%ns, preferably in the para posi- F?gﬁ&mkﬁbs
preferred pol yurethane is one having a nol édul ar 10 wei ght from about
20,000 to about 120,000, preferabl.y. aboyt 30,000 .to aboyt 110,000,
and nost preferably ou ) t'o abolt : : tfre
! For atiyirone, Rl SRS dgs, (o S50 o503, 886, WhERndd 5 th
reaction ofthee pbayched- blind edesbgnabing ola fiaseédg rEngol bondi aris
wei ght of froma ab 0 M st.qQi - hionetric
excess of met hyll?%lr{‘teexq i(%ﬁhgrﬁyl ||s§%§gna_ eﬂ] °, écﬂeaepp%%t%r;’/ecfe;&woﬁ'%th o,
m or p-amino pheexist as a fgpedpaiipgr dedrdetpolRidr sBRU2bis faorylyse in

t he tgher ”D%;%tlfgia%géféegiﬁsféd mdiQigul At j1on %R}Sﬁs%dm)‘iiifnhi oAFYLs

A

cat-ion such as thos y the follow ng “reactl ons:
20 cycloalkyl and the like, and ¢ is 0 or 3y When d is

[err] 1, c is 1, and when d is 0, ¢ may be 0 or 1. RO3 is
hydrogen, or alkyl of 1 to about 14 carbon atoms.
Illustrative examples of suitable amines are the

10 following:

The aminophenols, p, m or o-aminophenol, prove to
be effective terminating molecules for the isocyanato
capped polyurethanes. Solubility or a low melting

15 point gives the meta product some advantage but the p-
aminopheﬁol dissolves readily in the toughener polymer
- epoxide reaction system at the temperatures gener-
ally used (80-120°C). The low molecular weight of
these aminophenols {(109.1) means that relatively small
20 amounts cah be used for termination, sélubility is
high, the termination reaction 1is rapid,” governed
mostly by the time required to get good dispersion in
the high viscosity system. The powdered amino phenol
can be added directly to the reaction mixture or more

25 - desirably can be powdered, mixed with a small portion



VO 96/ 40509 PCT/ US96/ 09838

36 These pol yuret hane pol yners are specially capped | i near

pol yur et hanes formed by the reaction of a di i socyanate of the

formula O=C=N- X-N=C=O with an al kyl ene diol of the fornula HO R OH

in the nolar 5 ratio ([err]) of >1, such that the resulting

pol ymer equals the value of n as defined above, follo
reacti on witweaae#S#henol i c conpounds. Di i socyanat es wggFﬁéﬂﬁﬂﬁﬁ%or

use in making t he pol yur et hanes unclude the fol |l ow ng:

(4-isocyanat ocycl o- 2-diisoc anatoethane - hex nmet h
1, 3- d||socyanatopﬁﬁbaﬁ%e 1°Y ?%ﬁﬁ&ﬂ%@' Sl{ugnt diScussed

1, 4-di i socyanat obyeansy, andLﬁhéhléuuauumumgxﬁuf§EEnt of the IR absorp-
1, 6- dllsocyanatohexane bi s soc%anato

yl ) et her bi 39N SRS AP thﬁyl
sul fide 1, 54ﬂussnnunmmﬁarzcn-peak cin bediusedcyanahsufe that ter-
di et hyl pent t hoxyhexane 1, 8-di i socyanat ooct ane

odyagBleloroup 2240 omol peak to

bi s

1, 5-diisocya %ato pipation 13° ol de tri met hypent ane

1, 9-di i socyanat Ononamnrlng thO-polymerizat:.on of diisocyanates with the
dlsocyanatopropyl)

ne
gl ycol || cyd%g%gﬁﬁﬁg%aalkyﬁéqi 8F%ggc;g%£?°ﬁ%dég§%gyéyé&

b.s(.socyanatohexyna)tesqyals.l high imeksaH@aO e are atfpiped (~20K-

2, 4-di i socyanat ot alyplgae mo:?e6t§bh.§ﬁg.1§n@.trptﬂllld| @3fge of about 30K to
1, 3-di i socyanat o- o- xylene |sog§anato m xyl .ene

1,3-dii socyh?mat 0- mtenéo szi 4- di B8 oA aRSF L b J.scos:.t:l.es became very

chl or obenzene high and at rational reaction temperatures (~50-170°C,
preferably from about 80°C.-120°C.) stirring in
laboratory or production equipment can become
difficult. Use of a solvent as a diluent (e.g.,

15 ° methylethylketone (MEK), tétrahydrofuran (THF), and
the like) of the reactants and the reaction products,
though usable in making the polymers of the invention,

adds thé problem of its subsequent -removal with a
concomitant increase in production cost. Advantage is

20 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 complex formation of oxazolidone is
deliberately forced). Therefore, oligomer—free and

25 thus secohdary hydroxyl-free, epoxide resins can be
used as unreactive diluents during the polymer
formation. Such epoxide resins -are subsequently
compatible with formulation needs in future adhesive
systems. For this dilution during reaction, epoxides

30 as .free as possible from oligomers should. be used.
Shell's Epon® 825 (the diglycidyl ether of bisphenocl

A) has been successfully used as a diluent even
although the small amount of oligomer present (5%) did

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



2, 4-dii'socyanato-1 - 2, 5-di i socyanat o- 1- ni t r obenzene

nitrobenzene 2, 2-bi s(4-isocyanat o) - bis (4-isocyanato) - phen-
phenyl pr opane . yl et hane 4, 4' - di phenyl net hyl ene di- 3,3
-di phenyl - met hyl ene - - isocyanate di i socyanat e
polynethylene - . 1 sophorone diisocyanate

poly(phenylenelsoc anates) 10 and m xtures thereof.

preferred poI Mates are TDI, i.e., the m xt ure o#‘§H£Q 838
2,4-to|y|ened||socyanate and 20@62 6- 43| yl enedi i socyanate, or the

::?;% \(J'Sgg?loggggo”er po%.’ylrlrfer, Epon® 35%¢/ 40509 po}ymer products easily

tonIenediisocyanaﬁ&irred(3x4ﬁﬁﬂqed progimttion tamﬁeratures and at that
t ol yl enedi i socyanatg,.42 9

di phenyl net hyl ene % [ socsq‘a-r@t e "and Wét éu&%eﬁuenT fomulatlo?h nlegﬁlg
di i socyanate, or tﬁbﬁiNdﬁvﬁé@aﬁrnvanﬁrChémlcaklShouiQNaiqplhﬁlqpimmble.
diisocyanate g (4, 4nMais gﬂ , shch &8 t ne 4¢i i e
(3,3--MDI). The p gesmlsene C%her 0 oiyig'lbgB ?éb Cg%pﬂi%é&éﬁg%ﬁ
di val ent al kyl ene &4 &élﬁépé tgerershequlid péfe be usedyoups contain,

on average, greater tlnuutslafsewar by 10suitabds dafdenBSt L¥Lat %iaoxyhan
five carbon atons. TXQ g | | ’ﬁ%$3ﬁ59re based on et hyl ene oxi de,

1, 2- propy| ef@ROBRrFe2 ﬁ?% fodiguing 1formudas ane

oxi de, 1, 3-butylene oxide, 1,45 butyl- e oxide, 1,2z pentyl ene oxi de,
1, 3-pentyl ene oxi de, 1,4-penty|ene 15 oxi de, ntyl ene oxi de,

1, 2- hexyl ene oxi de, 4 pol ymer i en the al kyl ene
group cont ai ns G : op~at ures (VI) so
as to forma nunbe® veﬁ%ge al kyl ene] Car pon Tont ent é?@@?er t han

about 3 and as high as about 5, 20 pr@ferably greater| than 3.5 and as
hi gh as about 4.5. : P

wherein Ra and Rb are each hydrogen, alkyl of 1-3 car-
10 bon atoms or phenyl, preferably alkyl such as methyl,
and p has a value of 0 to <1, preferably less than
about 0.2. Most preferably, p is equal to 0.
The reaction conditions for forming the
polyurethane from the diisocyanate and the diol is a
15 temperature of about 500C. to about 200oC. 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
20 added water, and anhydrous conditions are preferred.
Conditions that remove water from the reactants before
reaction and during reaction are desirable. No
special catalysts are needed to effect the reaction
but a catalyst that does not adversely affect the
25 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.
Application S.N. 08/349,876, filed December 6, 1994.



Many types of al kylene oxide diols are avail able for ur et hane
production but all of those that have an aver age al kyl ene bel ow about
3.5 have too high water absorption properties for use in high
performance 25 adhesi ve applications. Such exclude the pol yethyl ene

oxi de di ol hono-oligonmers and the pol ypropyl ene oxide - di ol

hono- ol i gonmers from consideration in formng the pol yur et hane
tougheners. WO96M050% | of the pol yal kyl ene oxide diols usedGHUSIERIERY 30

the polyurethane tougheners/flow control 44ids are prepol yners of

t he al kyl ene oxi de(s),,.created 3 t he ol yneri zati on, of_.the nonqgneric
Another ) & éf?me?ffoﬂfﬁ ioﬁc’ggréﬁl 1238 H%ORORAS ons

al kyl ene oxide. Such pre
to f or m pol y@gentanesanddonot el asturigrvinide kpolymer€f thetr provide
PCT/ US96/ 09838 WO 9 .38

brepol yrers, - a  prARSISE cjsgtomer phasss (second phases) i the fhers,

of 1, 4- but yl ene mosedtiidg regin ematrix. tQertaiydrof uthepet matariladsul ar

wei ght of fr abo 0 : re M€ 4
comgrer ciall y(ySn lzﬁ?&’i Ig ?%gé'f rg% %n?lggﬁ%erﬁ%gﬁ% Eglﬁ%w&aﬁkmg

Terat hane[err]. densid&yat Eindbperiermanpt | Repdt edGrakagel ght sMany | of as

about 650 t O thedd HatayiabguineBB8ucasvirl | £aForil1RC PWrdberties Wi ght
ver si ons of about 1000 and 2000. | ower nol_ecul ar wei ght

H gher. and .
versions are al so &% IEHIEting th et BBy ner FOTp XA, | 3wP3RAt er
absor ption, tilcaliaklly rMddsdicabae siatertiage,fdyy diilsy/tpersdsd)i | isyan
and COmTerciéﬂZ avai l.abil i tﬁiat a,npder at e_cpst . nes haye the

T, t
formia HO &bcH2cRPEPETERfhBPEYMST containing ?/%ﬁ.%@"&erh%ﬁ {SEFMERLES .
about 40, though hithleerhard segmmhtisovactirgd ubtkear er agarhiing conapatoseshs-

ol i gomers Cqplyd DG dAG AR IehOC AYYUREEI@ESpe.  Some of
these elastomeric types contain functional end groups
that allow it to couple with complementary functional

15 monomers or polymers to forﬁ the desired elastomer in
situ of the thermosetting resin and render it non-
pourable and tacky, while toughening the cured resin.
As a class, these elastomeric polymers act or are
crosslinked yet are thermoprocessable, which when dis-

20 cretely provided in the matrix resin render the resin
non-pourable and tacky, and also tougﬂen it.

One class of suitable elastomer-type thermoplastic
ABS (acrylonitrile-l,4-butadiene-styrene) block co-
polymers that are typically used as modifiers of other

25 resin systems. 'They' are characterized as having a
wide range of properties though the preferred systems
of the invention utilize copolymers that are high rub-
ber types that, when compared to other copolymers of

.-this type, have a relatively low tensile strength,

30 low. tensile modulus, higher impact resistance, low
hardness and heat deflectién temperature.

Another elastomer that is found desirable are the
carboxyl and amine terminated liquid butadiene acrylo-
nitrile copolymers. Such copolymers may contain pen-—



Ter at hanes[err] have been wi dely recomrended for use in maki ng

pel yur et hanes by DuPont. For exanple, they have been recommended
by DuPont for use in form ng 20 soft segnments in polyurethanes. Wen
used with TDI, DuPont advi ses that am nes such as 4, 4'-nethyl ene-

bi s(2-chloroaniline) are favored as chain extenders or curatives.

If 4.4'-MDl is the chain extender, DuPont advi ses that

1, 4- but ar edi oWO 4050 he favored chain 25 ext ender . Ho Vi FAS96/09838,

i nvention does not rely on ot her nonog&rs as chain extenders or

curatives though I n_extenders gan, be e ed to ralse t he

nol ecul ar w2 ht 3 % r PSURF etthak 8 F&%ﬁ%‘% Foe Polymer
capping step in naktr@ptﬁmhrxﬂhwmnqﬂhamm$ idBlusion Toe mqﬁﬂaufymmt ogi ol s
usef ul in makin y thanes [e based.on the reaction
prodycts of an gcryia? ek i%ndgggr% yPeEléé h°ﬁe?FngF989 sﬁ%ﬁ %g'the
acid halide or estdrglysils anfalsiopeatofc theolpelsdantednitrile ufiitsn anSuch

| yal kyl id ' s a) Kyh 96/ 405
BT US9b/ 09838 o8 Phe £4/CPe 5t 201 Bh *he"epoxy, resin é’i@ %% lQ Srgfutlg,

about 5 carbon at oWte eposysédrma the hard segaem:ogeoferﬁémy ther elastone
with a starter orggfhér properstQs. These poI yester diols are

comercial ly avai l'able pmaterials. are typically ‘less 5
hydrolytically st fpthey pghass pheblocks GI“@JEPP%HUC elagtpparkytene

oxi de diols. Thosekidwdn®} cadeslabbé efrdsm Shell idiRnfilc3Q! icompahyl NeThese
I nvention a{lg t hose that ossess 8\3/ wat er absor ti on Lﬁem bl e
u stP

nol ecul ar. ct ur ghezm W oFYPPer YREES %?rﬁf hermo-
avai lability at a glastiaogeppeetdiest. They canlhsel |slaffm‘enpal yered eghegsi ns

i varboxe O JifEomngter ditd Rod RHRER IreY TS oo HRek 2
structures on cool::.ng. The chemical make-up are of
three discrete blocks of the linear or A-B-A fype.

15 They are available as styréne-butadiene-.styrene (S-B-
S) block copelymers, styrene-isoprene—-styrene (S-B-8)
block copolymers and styrene-ethylene/butylene-styrene
(S-EB-S) block copolymers. They are characterized by
styrene polymer endblocks and an elastomeric midblock.

20 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

25 thermoplastic and the other is a saturated soft elas-
tomer. Illustrative of this series is Kraton® G 1701,
a diblock polymer of a hard polystyrene block and a
saturated, | soft poly({ethylene~propylene) block.

Other rubbers or elastomers include: (a) homopoly-

30 mers or copolymers of conjugated dienes . having a
weight average molecular weight of 30,000 to 400,000
or higher as described in U.S. Pat. No. 4,020,036, in
which the conjugated dienes contain from 4-11 carbon

atoms per molecule such as 1,3-butadiene, isoprene,
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adipic acid, maleic acid, fumaric acid, hexahydro or 15

tetrahydrophthalic acid, "dinmer" acid (dineri.zed fatty aci ds), and
their respected anhydrides (where chem - cally possible), acid
hal i des, and esters, with or- ganic diols. The polyester may include
in the reac- tion a mnor amount, typically not nore than 20 nol %
20 preferably not nore than 10 nol % of the acid conpo- nent of
t he pol yest er, WO6/i4980%r omat i ¢ di car boxylic aci d such aSCHUSHHORES| ¢
acid or anhydride, isophthalic acid, wgrephthalic acid, their

respect ed anhydri des (where chem ¢ ssi bl e acid halides, and
esters. 25 In ad®hd i BRet (}’t’ﬁ! aﬁ%beeﬁé%éé‘ggﬁ"’bné %?ﬁ?oél’@%rﬁsea co-

di cycl opent adi ene nsliynriedd dfanicl ot atbreolepisiagbhylitk€ monomer/ h®Be& co-
described in U S. Patent Nos, 3,986 so | ong,

the polyester is |iFRkymer qhoah ef’i%aéP&XﬂF&“dF8P°E‘ﬁﬁ?6be&1#8 A ?She
pol yester may in- 3fionomex (sje haheiagky enmgér;/caiveragéh n&ﬂee:ttﬂ)ah:eme:g;nmol ,

propyl ene gl ygol bwr}él ene; andy%%h?gl EE&Ry ggtgwsg étl k%q I ene

gl ycol , neopentyl rene ‘ot e
gl ycol s such as trl@és;amb(em pin U.S. Pat- m%lllmb (c) chloroprene
PCT/ US96/ 09838 -
tetraglyne (b.p. 27%Tleym P]ré )lnqtlruldplr gp%ogﬁgolymélg? of Chlg}%%%ér gdp%/ ecnoe
glycol, and the |ikeelymers of @Mwmenav ©n shlfns |and/nr pyihl lat ene
oxi de or pol yasdsr Mgurﬁﬁa@%fﬁasﬁaecaseabycreﬁ&ﬁ&ﬁw& whe FENE

t han one nol e of the diisocyanate for each of the polyal kyl ene

oxi de' di ol ah@/ or PIARFOPLENG cﬂ°n5t1t“te?hé"tan‘1i?ﬁ3: o0 twedahtoRefeRRRt 9%
excess of the til | sHgyRDat fhonomwﬂ |mak¢€-'&19r rﬂmethetbepolglﬂefe%s desd

o e o (e 0 B R 4 161,478, e LS
polymers anludlng ethylene/propylene dipolymers and
copolymers of ethylene/propylene and at least one non-

15 conjugated diene, such as efhylene/ 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-C5 isolefin combined with 15 to 0.5% by weight

‘20 of a conjugated multi-olefin having 4 to 14 carbon at-
oms, copolymers of isobutylene and isoprene where a
néjor portion of the isoprene units combined therein
have conjugated diene unsaturation, as described in
U.S. Pat; No. 4,160,759.

25 Specific illustrations of suitable elastomeric
polymers .are the following:

1. Hycar™ CTBN liquid reactive rubﬁers, carboxyl ter-
. minated butadiene-acrylonitrile copolymers sold by B.
F. Goodrich.

30 2. Hycar™ CTBNX, similar to CTBN except that. they con-
tain internal pendant carboxyl groups, also supplied
by B. F. Goodrich.

3. Hycar™ ATBN, amine terminated butadiene-~

acrylonitrile copolymers sold by B. F. Goodrich.



Is 1 nole of each. If the reaction is conducted under anhydr ous
condi tions, using an excess of diisocyanate over the stoichionetric
anount results in a polymner that is chain termnated with i socyanato
groups at 15 each end. If any water is present in the polyurethane
formati on step, then stoichionetry shoul d take that I nto account,
because water will generate nore near- termnal residin ur ea
wel | as ter NYO340509 i socyanat o groups appended theregﬁg' m?@bel
of 20 excess diisocyanate w Il determge the degree

pol yneri zation and thus _determp ue of pin the above

the v
f or mul as. Such afl+i &ody:4ae8: ?grﬁltﬁéﬁ‘éﬂ :butadiepg y}hineas 3RS ROLNReFal |y
or chem cally stabk@ailablepPtotiEShelds The hydroxy aronmatic am no

g(r)nglrjggl ;o; ter m t| nge%u?%m%?ggﬁ?l ﬁgcﬁar@ qlco(}n.t ai ni ng pol yur et_ngrG] S
wherein the conbinatlanotlEBesaﬂvDF&&yfenexhﬂuaﬂnyme copolymép BongsafinR01

defi ned abov and [ ar,, 0 b

di val.ent § ar orréf‘?c%é gii&gr 51}?1%& and g?éyl ZS#;‘ &J%:E&fquene gégf’b%n
car bonyl , frg@ §BeD5Tgemical Company as Kraton® Dx 1118.

PCT/ US96/ 09838 L ngd.t he
like, dis 0 or 1 gthﬁh%357 14 8 styrene: ??&?#%&(:bﬁﬁylfﬁﬁegggg?%%a ?ng a
fused ring bond i spolymer n@aekahx%nfromnahahanUemsciA ¢ompany chedKrane
may exi st agoa@ lésl%g—;rl ng bond to ROZ2. R02 is aryl, 5

polyaryl, fused ring a&y pol yf used rlng cycloalkg and
the |ike, am@ c is?0 8r 840 \jreStergaspecificy %:5% §tY€ﬁRPVMR#ﬁQ}QQ?()BC

may be O or 1. RO3ryhBber available from _
Firestone Synthetic Rubber & Latex Company as Stereon®

840A.
. 8. SBR 1l006-random 23.5:76.5 styrene:butadiene SB
15 block copolymer rubber available from Goodrich Chemi-

cal Company as Ameripcl® 1006.
9. SBR 1502—Random' 23.5:77.5 styrene:butadiene rubber
available from Hules Mexicanos, or from Goodrich Rub-
ber Company as Ameripol™ 1502.

20 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.

Additional flow reductions are provided by thixo-

25 troping agents such as fumed silica. Illustrative of
thixotropic agents are high surface area fumed silicas
and organosilyl blocked fumed silicas, and the like. |

The thin film may be characterized as non-pourable.
Optionally,. the film may be tacky as well. This con-

30 dition can be achieved in a number of ways. Many
thermosetting resins are solids at about 23°C. and
many of them are liquids at this temperature. Both
kinds of resins can be made fluid non-pourable and
tacky. For example, a resin that is solid and a resin
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hydrbgen, or alkyl of 1 to about 14 carbon atons. Illustrative

exanples of suitable amnes are the 10 fol | ow ng:

[err] The am nophenols, p, mor o-am nophenol, prove to

be effective term nating nolecules for the isocyanato capped

pol yur et hanes. Solubility or a low nelting 15 poi nt gives the neta

product sone advant age but the p- * am nophenol dissol ves_ | LN

t he t oughener %?%ﬁ% - epoxide reaction system at the YeMw F}Q/’ers
gener - ally used (80-120[err]C). - Thd8l ow nol ecul ar wei ght of

{hese amtnophenol s 4a09-4) TEaRat Bgh b8! b ERASHE! eclR o wlABHeiS"
reaction is rapi gystgavahaedis non-poakapléyahdecdcke. r enpliddil diongeta
phenol o can b&kdfed i FREETY PETRIEEIRY 3Ten il W o
desirably can be poatededin niked warhetyswdl [diyerseomaterials tha¥Dwill
96/ 40509 5 render the resin f£fluid nB{;I{,u?@&AP@@% conventional
handling temperature conditions and fluid non-pourabie
and tacky at room temperature (about 15-37°C.). Con-
ventional handling temperatures are defined as a tem-
perature of between about '-20°c. to about 43°C.6

10. Though the in situ-expandable thermoplastic parti-
cles or the solid chemical blowing agent will render a
liquid thermosetting resin more viscous, they alone
are not effective for making the .film non'-pourab]_.e.
If the thermosetting resin is solid, it can be calen-
15 dered into a film by meltiné 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
agents, other solid resins and/or liquid or thermo-
:20 plastic elastomeric modifiers to convert the resin

from a liquid to a non-pourable and tacky material.
The thermoplastic polymer used in forming the in
situ-expandable thermoplastic particles are readily.
prepared from a wide variety of materials. A number
25 of patents refer to their manufacture. For example,
U.S. Patent No. 3,615,972 describes their preparation
by polymerizing the monomer of an aqueous dispersion
of (1) organic monomeric materials suitable for polym-
erization to a thermoplastic resinous material having
30 the-desired physical properties, (2) a liguid blowing
or raising agent which exerts a little solvent action

¢ 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.



42 of the | ow oligomer epoxide resin diluent, discussed bel ow,

and then added. Measurenent of the | R absorp- tion ratio of the

i socyanate group 2240 cm 1 peak to the 2840 cm 1 -CH peak can be used
to ensure that ter- 5 m nation is conpl ete. During the

pol yneri zation of diisocyanates with the hydroxy term nated al kyl ene

oxi de or poly sed mat eri als, high nol ecul ar wei W
attained (~20&-§6§&4°9°% -120K; nore typically in the range of abou o 10
about 100K). As a result, viscosities becdde very hi gh and at

rational reaction tenperatur .~ 20- rNeC., . prefer.ably.  from
about 80[err]C.-1f§g%§'e S s?’rirtl(lrr]1 pﬂ)é_%%'}:, gf‘%b%’r‘afoﬁ}lan%%%y o F®SSn
equi pnment can befortthat whidhf iscudqlubleUsin ofthe gpolymelr, and ¢B) uant
(e.g., 15 met hy n ing Shdpydnrof (T .

the lLike) of the rlgg%Péktggggn}ﬁ e rl%g'glgi g&épro%&ctglﬁ% s I_Fﬁjdﬁ:'g%ggsgﬁl e
in nmaking the pol ymeistaint kbej dispersaon. Theagesulidngr siglde cfphexd-
subsequent  sendvalaii tdhicles KPEOR @lntiRG' &96Cthl PN IALEAY! -
Advant age is 20 taken of the veré llow reactivity of hydroxyl groups

wi th epoxi de group@9eBkl e8sapsidplsddinathen a8 gnadistinct apd sSaparatey of
i socyanat e groups pwhkBegpoxi de groups (unless the conplex formation

of oxazolidone is deliberately. forged). Therefore, . oligoner-free

and 25 thus secondaP§ ﬁbamﬁﬁié?g’e‘é,p°£‘ﬁ'b%58d€rlee§e°ﬁ§‘egat]i’ybé:h Polyfised

as unreactive dileténésiodurdfigond her panenesf a vardiortyat ofn.diffseeht

epoxi de resipgns a u nmpat bl e w ropl ationg needs
o t¥pes %&@%ﬁv‘i 'g(\)ornotrﬁrg, d%hg g oM {ihdor gy %%\e FoRE

in future adhesive

i on daring reactron,
epoxi des 30 as Muda:as possible fromoligoners should be used.
Shell's Epon 825 (the diglycidyl ether of bisg&enol A) has been
successfully used as a diluent even al t pough the small anmount of
ol i goner present (5% did show sorrem.ﬁa@_t;d‘on.' At 1/1 ratio to total
deri ved -2

to form homopolymers or copolymers, such as random or
ordered (including block) copolymers. In the above
15 formula, Rox may be hydrog'en_, alkyl, such as methyl,
ethyl and the 1like, or halogen, such as chiorine,
fluorine, bromine or iodine, and X1 may be an aromatic
containing moiety bonded via an aromatic carbon atom,
a carbonyl oxy ester moiety, halogen, cyano, oxycar-
20 bonyl ester, carboxyl, and the like. Illustrative of
these monomers are those in which X1 is aromatic con-
taining, such as styrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, ethylstyrene, oa-vinyl-
xylene, da-chlorostyrene, o-bromostyrene, vinylbenzyl-
25 chloride, p-tert.-butylstyrene, and the 1like. Also
illustrative of these monomers are those in which X1
is a carbonyl oxy ester moiety to form acrylate mono-
- mers alone or in combination with the alkenyl aromatic
monomers may also be utilized. Such acr-g.flate-type
30 monomers include methyl methacrylate, ethyl acrylate,
propyl acrylate, butyl acrylate, Butyl methacrylate,
propyl methacrylat-e, butyl methacrylate, lauryl acry-
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43 pol ymer, Epon[err] 825 gave polynmer products easily stirred
at needed production tenperatures and at that | evel shoul d neet nost
subsequent formnul ati on needs. D.E.N[err] 332 from Dow Chem cal _
shoul d al so be suitable. 5 The Bis F resins, such as Epiclon[err] 830S,

If distilled to elimnate oligoners, could also be use

Illustrative WPo4#M able diluents are epoxy mnomwsa‘f mer s

of the follow ng formul a: [ er 80 wherein Raand Rb

are each hydrogen, Ik | pf _1- bon. a hen erably

al kyl such as neth ey 4 %thﬁ)ag% valaﬁéygﬁ?é%'t ; %ﬁ‘r{ﬂ"g"tﬁ tess

t han about 0.#hd Mttt p:leéeraklly anmd iRoxeqayl He &. halogen, sBbBR as

reaction conditiq r g po uret anefr m t he
&i&rz}x% flﬁx%&%g br&ﬂfn and OJTOA BBt

di i socyanate and the nperature Bt
2000C. wi th m xi ng compassi rl:ltehefqm@s:eqmccff poilyments, ofucvtim a:hlor;.de

conventional 5 5pf VeAt13§ehadi %ﬁ&‘égl Cag;gf—,c@harﬁetfﬁ%ctqﬁ%hd' 'ﬂgpgn

conprising the epoxy nononeric resin in reac
shoul d be carried citlorddenc vipydnbzopidep and sgideid amthalogensdeshiviavdus

conditions are pref&@mpdnds. X1 tBéJ%S dydto GRBRPE aRl @hils’ Q!Hctl*&ﬁes
reactants before reactlgn and duri Eg reaction are desirab
e

No speci al cROHAFELS P nibridfeqng h@eFBQE’EY%‘PP’-true-bu?‘la
catal yst that does magt bad\ear samca&fﬂa@u teme25 sucheast itaes viaglbester,

 phati o | byanaegsr VAmL sdatdter ripbl BiFyHFEenanieiinatarente,
manuf act ur e veinylddsamated |mmm1)staseygmdy¢omnﬂibgaUes. and
Application S.N OQ.Jh%4%:i§cLQ’ fb}lgdmg?cglfggr eﬁxpl&?géor specific purposes
ethylenicalljy unsaturated copolymerizable acids such
- as acrylic acid, methacrylic acid, itaconic acid,

15 citraconic acid, maleic aci&, fumaric acid, vinylben-

zoic acid, and the like.

The thermoplastic polymers may also include copoly-
mers {(of the random or ordered varieties, especially
blocked copolymers) of the monomers described above

20 with a variety of hydrocarbon monomers, such as pro-

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

e straight chain acyclic dienes such as: 1,4-
hexadiene, 1,6-octadiene, and the like;

e branched chain acyclic dienes such as: 5-methyl-1,4-

25 ‘hexadiene, 3,7-dimethyl-1,6-octadiene, 3,7-dimethyl-

. 1,7~octadiene and the mixed isomers of dihydro-.
myrcene, dihydroocihene, -and the like;

e single ring alicyclic dienes such as: 1,4-
cyclohexadiene, 1, 5-cyclooctadiene, 1,5~

30 cyclododecadiene, and the like;

' s multi-ring alicyclic fused and bridged ring dienes
such as: fe_trahydroindene, methyltetrahydroindene,
dicyclopentadiene, bicyclo-(2,2,1)~hepta-2,5-diene,
alkenyl, alkylidene, cycloalkenyl and cycloalkylid-
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44 . Anot her class of flow control aid thixotropic agent s

and/ or el astoner-type polyners that provide di screte el astomner
phases (second phases) in the ther- nosetting resin matri Xx.

Certain of these materials 5 may reduce, to sone finite degree, the
crosslinking density of the thernoset resin (C stage), of

t hese materi aMP 0% duce very favorabl e properties to PCI{pSS ting
t her noset resin. For exanple, a par- 51 ticularly desirable materi al
for this purpose, is an 10 el astoneri c pol ymer containing soft and hard
segnent s, t he $R§ d RTFREREDeSCt PNGH i-E‘é 05“1“%'1"”?4]1?@'96' “prabesrene

ing, crosslinking of tNNBJgl aS+etieyliddnegpe-norbettRené (ENB), Bhesepyl-2-

CoupL e wi th compt emem S TIRY ondLPAPTSPSRATRT 2 HOTRAERRRe 1 05T 83 the

desired el astonmer in cycloperdienyldf-2t-norbhenenset t i NMiyrayesichexyd idende2-i't

non- gourabl e '?‘%39%% whll pkOoygRENi Nng the cured resin. As
¢ poly

a class, these el astoneri ners act or are crosslinked yet are
t her nopr ocessabl e, whifba \wharmgpdasidc pohymes yugadviredorminge the rin

resin render the resif-expandabbd- Wﬁl@ma@le@c:, 1ic§€QAaBﬂé§§’ lqaghegel t-

One cl ass of suitable elastonmer-type thernoplastic

(acrylonitrile-1, 4mBGEa_cﬁr&‘fb-%Q‘3f1‘9é‘r‘F@)ti°@I devPe RRlymers, FSheRs-pHAeDRar e

typically used as &pdififfiond6;0tdelon™,6; pPEEYEREAUS! £58m oibél‘.hg!léne
5 e

characterized as having, a w de_r e of properties though t
preferred syStens. tereghtg?lﬂzl%; i ngﬁﬁ%?gﬁguﬁ?]i@é: Asfy YF%5P°8F'Eeﬁi gh
rub- ber typeszthatpoahe2 comps eq1it 0-sksKeranol ﬂf@ﬁséné)f carbon-
this type, have a.r i@ttivelé)%/L | ow tgnsi |l e s&rength go og tepii | e
modul us,  hi gher - PRBAYE  r BORYREXLATES| oy (V12+r ™ \BPl¥ess (Zng4hRaSH(L-4-
defl ecti on tenper absyphenyl) propafieotberephtdsdlate) ;t hedlyinidasyd godiy+abl e

o TS copor yrer meeNEERRARR gkl BLEf o it yuhadhge pelY 6.
15 Patents No. 4,175,175 and 4,108,837), such as Udel™
and Radel™ A-400; the polyethersulfones (see U.S. P;at-
ents Nos. 4,008,203, 4,175,175 and 4,108,837), such.as
Victrex™; polyarylsulfohes; polyarylamideimides, such
as Torlon™; and the like. '

20 A wide variety of blowing or raising agents may be
incorporated within the polymerization system. They
can be volatile fluid-forming agents such as aliphatic
hydrocarbons including ethane; ethylene, propane, pro-
ﬁylene, butene, isobutylene, neopentane, acetylene,

25 hexane, heptane, or mixtures of one or more such ali-
phatic hydrocarbons having a molécular weight of a
least 26 and a boiling point below the range of the
softening point of the resinous material when satu-
rated with the particular blowing agent utilized. _

30 " Other suitable fluid-forming agents are the chloro~
fluorocarbons such as those described in U.S.
3,615,972 (column 4, lines 21-30) and tetraalkyl
silanes such as tetramethyl silane, trimethylethyl
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45 dant carboxyl groups in the interior of the polyner

structure through the inclusion of nmethacrylic or acrylic acid in

t he pol ynerization or through the hy- drol ysis of sone of the
pendant nitrile units. Such 5 polymers react with the epoxy resin and
as a result, the epoxy forns the hard segnent generatip&nbgﬁmgggﬁ-

t oner proper twe 96/40509 Anot her cl ass of block thernoplastic el astoners
S Kraton, available from Shell Chem &2 Conpany. These 10

t hermopl asti c rubber polyners possess usable th Z i Lifkyl-n-
properties. Thesid@anee dorimatdy ﬁ&PFﬁsyf sgig??owaﬂ%de?lr%gat Tnd
pressure. They therdieoveil1aheir As poihtedt wuds bm &béBi mptentypethe
chem cal meke-up are

- Of . _Lhr di scr C t | L RérfcB- A
type. 15 They RULIing IBB?‘BEa§%§t§/‘?°eS}}1e?%ngla?en§-e gttt;rga;e l(agﬁgép : S)
bl ock copol yners, s#edane istopriehdestaboate the Bage temberpFyER L3RePyRErs

and styrene-ethyl ene/ buty] ene;styr : 1WEBoP BhdCkeSOpOhy NRESe-
They are cha? act erFURF b%kan t%sts???ﬁ’e“b‘& 3‘/’%&? endbl ocks and an

el astoneri c m dbl ogkal 2émploy&der processing, the pol ystyrene endbi ocks
physi cal |y cro ' | ogki t hg,¢nibbes nehyor Fxreongdacesuchhi as
Flong EFpre

physi cal crosslinkin on heat| na. b A%oéhher a§eri gs of
the Kraton[err] thericiplesefluoramathane,  hYArofardY| oK' Dol yiers in _
whi ch one bl ock is é‘n@%? 255 —peh FEKdiDP| rsd-ipertathel, he bottiaee i s izbukeneat ed .
soft el as- t%mer; Tlustrative of this serje dstely P1RiaG" Lg@n;LgOl,
a di bl ock pdPyner arodiearkrirfpide ﬁ%?rlecw&yansdlg% Sat urat ed, soft

pol y(et hyl ene- propybgna) ikl @tlese types of(timersitubtexpansiabdesPasitrdicdes-
I nclude: (a) honopol y-

3 rs._or I S1dy RGO n AbVUES
having a \A/eTﬁﬂi‘%g%YaggEﬁnPﬁ%’fﬁaar?&é)vc\giEy%{%‘ 30,000 to 400, 000
or higher as descrpbgd abolk S10Peeighin.? A ng3@gepk- whi ch t he
conj ugated di enes conjain,f @yt dbk Caf bens. Patent No. 4,397,799, pat-

- 15 ented August 9, 1983, the particle size. of the unex-
panded particles, as well as the expanded microspheres
can vary widely-. particle sizes for the unexpanded
particles can range, fqr example, from about 1 um to
about 1 mm, preferably from about 2 pm to about 0.5

20 m. One version of in situ-expandable particles is
sold under the name Expancel®, by Nobel Industries
Sweden, Sundsvall, Sweden (U.S. address: Marrietta, GA
30062). They range in unexpanded particle size from
about 5 um to about 50 pm. The particle diameters ex-—

25 pand 2 to 5. times. |
Preferably, the in situ-expandable particles used have
a mixed particle size of wide spread to achieve the
best packing, on expansion, in the syntactic molded
foam. A.particularly preferred in situ-expandable

30 particle is Expancel® 091 DU, which is believed to be
a terpolymer of vinylidene chloride, acryloriitrile and
methacrylonitrile containing 10-18 _w_eight % isopen-~
tane, and possesses the following properties: average

unexpanded particle size of about 12 um with a spread



atons per nolecule such as 1, 3-butadiene, isoprene, WO 96/ 40509
PCT/ US96/ 09838 46 and the like; (b)
epi hal ohydri n honopol yners, a co- pol ymer of two or nore '
epi hal ohydri n nononer, or a co- pol ymer of an epi hal ohydrin
nononer (s) with an oxide nononer (s) having a nunber average

nol ecul ar weight 5 (Mn) which varies from about 800 to about 50. 000,

as desc 0% U S. Pat. No. 4,101,604; (c) chl oropr eR&T/USS6MS838

pol ymers i ncl udi ng honopol yners of chl oropr &3 and co- pol ymers of

chl oroprene with sulfur and/or W th at |.,east, one copol yneri zabl e

organi ¢ mononer WheFePROYH 3-30h M8 o it dsRfdtyt Jexpandede dn wRreRi kit

percent - of t an ) Omi‘éz K of | " a e i
e Ol s pulS0E 9 ke mBhomeeaeRkenip of #hgeappp! W 23282130;

i ncl udi ng et hyl ene‘l‘#n@p)ylﬁne dﬂﬁéby%sdamlltmkg/n@opsllyrrers of
hyl / I d
et hyt ene/ propyl ene a“ﬁaexa(}le‘?&séalo'ﬁd%& ?;born £¥8i‘£§ vgk.@ﬂe bggr{lh'u s

et hyl ene/ propyl ene/ ene I ene, escri
Pat . - No. 5 4, 161e4Fize (x3yngimg Uﬁmtedalubmnei um yto edtlasmt)nkrmm, spréf-

as copolymers consis f fr 0 99. 5% h of a C4-C5

i sol efi n conbi ned ?\fﬁﬂ&?f%m g?/ug tz 2%31 VPO& % o1l d:é'ng[teocan be

mul ti-ol efin havi ngndoioreter drs mQrgamc &S, o X0l & NB6 Bi @f cbﬁ 4/' ene
and i soprene where_a lon,of the isgprene u |ts

j.or_.por
therein have SN uﬁgFga t&'p&?@léXsa?%‘F%p"@ﬁ s BeRAY L
U S. Pat.- No. 4, 16Ped&ur&5to geneSptei fai cvoliatlinet r(anas)nscom;ﬁonénn t elivh e

el ast oner i C%I e r ug%eélé’@rﬁu?%c?cé#le go(yrda%\ﬁfo'ﬁg in. th? E;iErmxgg{',{:fﬁélmgPNx

liquid reac TS
but adi ene-acryl oni resire- COE'G’P}MRS nggﬂngam}csblowmg Rge@tedrintludd) the 2.

Hycar[err] CTBNX, Aiadmt%a%ﬁa%é%epén&h%léﬁ%\én%%s, alkai® Muigdernal

pendant car boxyl groups al.so supplie
carbonates and blcarbonates such as lithium carbonate,

sodium carbonate, potassium carbonate, rubidium car-
15 bonate, cesium carbonate, lithium bicarbonate, sodium
bicarbonate, potassium bicarbonate, rubidium bicarbon-
ate, cesium bicarbonate, mixture of the carbonatés and
bicarbonates as well as mixtures of the alkali metal
form of the carbonates and bicarbonates. These car-
20 bonates and bicarbonates can be made to decompose at
lower temperatures by incorporating organic carboxylic
acids and acid anhydrides blowing agent accelerators
into the formulation. Suitable organic carboxylic ac~-
ids and anhydrides are citric acid, acetic acid and
25 anhydride, maleic anhydride, ' There are a variety of
chemical blowing agents sold under the name Celogen™
(Naugatuck Chemical Division of U.S. Rubber Company
(Uniroyal)) that include toluene sulfonyl hydrazide,
toluene sulfonyl semicarbazide, 5-phenyl tetraazole,
30 - azodicarbonamide, and the like, that are excellent
chemical blowing agents suitable f'or the purposes of
the invention. The chemical blowing agents may be em-

ployed in the formulations of the invention in amounts



by B. F. Goodrich. 3. Hycar[err] ATBN, am ne term nat ed

but adi ene- acrylonitrile copolymers sold by B. F. Goodrich.

WO 96/ 40509 PCT/ US96/ 09838

47 4. K 1102-28:72 styrene: butadi ene |inear SBS pol yner,

avai | abl e from Shel | Chem cal Conpany as Kraton[err] 1102. 5.
KDX 1118-30: 70 styrene: but adi ene copol yner contain- 5 I ng_20% SBS
triblock and SVO8®W58A bl ock, avail able from Shel | ChdmTAEPM¥any
as Kraton[err] DX 1118. 6. KG 1657-14846

styrene: et hyl ene- but yl ene: sélyrene CO- pol{rrer avai | abl e from Shel |
Cheni cal Conpany af@@ging from gbowt, O.lgfhes7abdyt 3 parts ghy weight,
A- St er eospeci fi c 4preteraplendrbmt alionste 0SB to 2.0 rpdriey Byawkafhe, f 68M

Firestone Syntheti ¢,Rubber & Latex Conpany.as Stereon[err] 840A.
8. SBR 1006-rando%hezg?‘gﬂg.s%%?s’i’?/r ér%:'rbuftoﬂu ﬁg"oﬁB 15 bl ock
copol yner rubber avaw #ro€ilechddboivesh Chem - cal Conpany as.

Aneri pol [err]z 1006. 9 15% 3..5:,.77. t yrene: but adi ene
rubber _ ]5 avai | abITgeleom u:ggg méég%%gfpeér j\‘l:}"rt(?m %d%lhc%mﬂﬁﬁ%%mg

ber Conpany as Anerxiesdin erfidrmi3@2iof0 certa@n Bhemdorlasticnodateeialssins
(e.g., 305, 310, : 3 38 .2 4 : 1AB | SO
CGeneral Elec- k;‘:yll’tli' Fic t}ﬁf?g?]é%t %svaﬁﬁwe?é:%%ﬁé%e%%%’ia%sg angq'? éi r
suitability dependsadsn bheh®dnmesst iafs wigwghtacetate, acryhdgpyi sasMrpted

reductions are proyededsbyrti iSQlTvT@:?ethané_é’,OFgﬁl&eﬁﬁeﬂhéaaﬂéﬁeaﬁnﬁu SRR -
silica. Illustrative_of thj xotropi c agents are high surface area

fumed silica® lardyquspd AdE?FIAL91 ocked fumed silicas, and the |ike.
The thin filmmay be chatabler itiadnmpplagtipouriblie. acetate polymer low

profile additives are thermoplastic poly(vinyl ace-

tate) homopolymers and copolymers  containing at least
5 weight -percent vinyl acetate.. Such polymers in-
15 clude, for example,'vinyl.acetate homopolymer; car-
boxylated vinyl acetate 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 1like or an-
20  hydrides such as maleic anhydride; vinyl acetate/vinyl
‘ chloride/maleic acid terpolymer, and the like. Refer-
ence is made to U.S. Patent Nos. 3,718,714 and
4,284,736 and British Patent No. 1,361,841 for de-~
scriptions of some of the suitable vinyl acetate poly-
25 mer low profile additives. The useful vinyl acetate
polymer low profile additives ordinarily have molecu-
lar weights within the range of from about 25,000 to
about 175,000. Suitable polyvinyl acetate low profile
additives are LP-40 and LP-40A that are sold by Union

30 Carﬁide Chemical & Plastics Corp., Danbury, CT.
Suitable thermoplastic saturated polyester low pro-
file additives are, in general, low molecular weight
saturated polymers of polymerizable linear and/or cy-
clic esters and carboxylated saturated polymers and



Optionally, the filmmy be tacky as well. This con- 30 dition can be

achi eved in a nunber of ways. Many t hernosetting resins are solids
at about 23[err]C. and many of themare liquids at this tenperature.
Bot h ki nds of resins can be nmade fluid non-pourable and

tacky. For exanple, a resin that is solid and a resin WO

96/ 40509 PCT/ US96/ 09838

48 tha?“?%"ﬁ”ﬂ?ui d can be conbined to forma m xed resi'I’"l(‘.r’usmw”"‘_8
systemthat is non-pourable and tacky. In ad88tion, a solid or

liquid thernosetti ngiresiq can.h yE incgrgo-h . rra]ied init a variety
of diverse materiaPSifhRPINPPFI28PLe SPLRtR PRVERT % 19355 PIf LRI e
at conventi onal grouphped| medecadper atRolymearsdidf dnisnesxd drid/fiod cyclic

‘non- pour abl e t i O r -.37C. ). Con-
venti,onal handli ngefggrrggrgﬁ%ggigéegg}é%?’ggg&gés&a&ieﬁ?&g nay % era)éﬁ Ve Tof
bet ween about -20[ age] ©f taf abeRst 4@We6cagboxyl grynpu@ert melegule that
situ-expandail e thgegRal aRddsL PR ta'c‘c_c:rc:l_agce Gh 5 OknbNpregehd WR/Entdlon
bl ot ng agent will render a . l'iquid thernosetting resin nore Viscous,
they al one are nehoss r dbdiche POFSeRK| Ay radueed missogdtvame. at

| f the thernosetti mgakeSidbdut SOLifl, adrid CPePerfUENEréh abdf €d. it @2
filmby nelting the resin_wth heat %Rder conditions that avoid
condensation or ad@PPPbnldfPtfRer- e REPfered Porymsth &t st oS
(C stage). | f theers haver asi pedaced| viBcdsity oFn doudd edidedtwi Ebout

t hi xot r opi Cip 1ggents, ot her solid resins and/or |iquid or therno- 20
plastic elastonmeric’nodifiers to convert the resin froma
liquid to a non-pour aBhermeplastky satvrated polymers dheliheanppnssioirc

pol ymer used in fo{:%.’ﬂgct h&sidrs are ?Lii" %P&Lﬂ#a%a thes Ml A4S ated

particles are readi prepared froma wde variety of materials. A
nunmber 25 of pasknratedfestesstarerwebhukeeynrand syr) themerdastic

saturated polymers, and particularly polymers prepared

15 from epsilon caprolactones,. have been advantageously
employed as low profile additives. Reference, for ex-
ample is made to U.S. Patent Nos. 3,549,586 and
3,668,178 for descriptions of thermoplastic saturated
polye.ster low profile additives and carboxylatéd ther-

20 moplastic saturated polyester low profile additives
prepared from cyclic esters.

Other thermoplastic saturated polyesters that are
useful as low profile additives are those based on
condensation products of, primarily, dicarboxylic ac-

25 ids and organic dicls. Some examples of such diacids
are adipic acid, isophthalic acid, terephthalic acid
and the like and such glycols could be ethylene gly-
col, diethyl glycol, neopentyl glycol and the like.

Also suitable in certain aspects of the invention

30 are. thomoplastic polyalkyl acrylate or methacrylate
low pfofile additives including, for example, ho-
mopolymers of methyl methacrylate, ethyl methacrylate,
butyl methacrylate, methj(l acrylate, - ethyl acrylate;
copolymers of methyl methacrylate and lower alkyl es-



u. S -Patent No. 3,615,972 describes their preparation by

pol yneri zi ng the nononer of an aqueous di spersion of (1) organic
nononeric materials suitable for polym erization to a thernoplastic
resi nous material having 30 t he desired physical properties, (2) a
l'iquid bl ow ng or raising agent which exerts a littl'e solvent action

6 This range reflects the fact that material handling can re- uire
| ow t enper at uNO 48308 ge t o precl ude premature reaction of m’"ﬁ’f(@z”ga

t hernosetting resin system and rel ativel y hi5j1 t enper atur es . because.
the filmmay be used on_g hot_factar q:% 13 d 440503

PCT/ US96/ 09838 . of acrylic a ‘metBacry 3§ aci s/ &R POSYBrEPNg
pol yner, and in a giameithyli mebieesylate w:.tﬂf m.imd)rvvlamhnts wf uite o t he
polymer, and (3) a L Sp | ab er| that .i s ut|I zed
to mai nt ai n"PHe afsggés?égig%ﬁérejsé |ng so | ‘3}%&"1' ls§b°
particles have a gmethacyybitehe dcnypliaghildesw hgdroxyeth;aberﬂetmmgiatet, ed
|nthemasad|st| S I er astic
pol ymers are for megg%y&?% ezp%t%ﬁhexyl erd s&ed o?cf)}ﬁ]éo%gmm#&e’ oPiggLl
variety of differeacribic a@y@eeP@iY%ﬂY@ﬁﬂﬁ rakysemes copediymes sy hggehohst he

for- mul a: rene/butadiene copolymers, [eéé lulose TanQe QLa
honopol yners or cog ymers such as random or ered (i ncluding
bl ock) copol yners.butyptee apsydens oxids pelyme¥se nﬁyesbamdméaﬁerabkyl
such as net hyI_, and gﬁ@yillae'\d the |ike, or hal ogen such as chlori ne,

l uo-r._| ne, brlcam ne or Mg ecr:]\?lar nv?e:%(g]htnna/f teh :&r 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.

Urethane polymers that can be employed in this in-
15 vention, alone or as mixtures with other low profile
' additives, 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.
The low profile additives may usually be employed
20 in the compositions of the invention in proportions
from about 1 to 25 weight perc_ént; and preferably from
abeut 5 to 20 weight percent, based upon the total
weight of thermoéetting resin, low profile additive
and other reactive components. |
25 The low profile additive can function alone or in
combination with other thickening agents, as a thick-
ening contributor to the flow characteristics of the
resin. :
The thin film may be characterized as non-pourable.
30 Optionally, the film may be tacky as well. _This con-
dition can be achieved in a number of ways. Many
thermosetting resins are solids at about 23°C. and
many of them are liquids at this temperature. Both
kinds of resins can be made fluid non-pourable and



contai ning noi ety bonded via an aromatic carbon atom a carbonyl oxy

est.er noi ety, hal ogen, cyano, oxycar- 20 bonyl ester, carboxyl, and the
like. Illustrative of t hese nononers are those in which X1 is
aromati c con- tai ning, such as styrene, o-nmethylstyrene, m
met hyl styrene, p-nethyl styrene, ethylstyrene, a-vinyl- xyl ene,
[err]-chlorostyrene, a-bronpbstyrene, vinylbenzyl- 25 chlobggp
p-tert.-butyl 9?@1‘@“’ and the |ike. Al so illustrati BySo6838,
mononers are those in which X1 is a cgrbonyl oxy ester noiety to
form acryl ate nono- mers alone or in conbination with the al kenyl
aromat i c norfdfes ndPraP¥gmpdey: | Feain thay ds salid,@ed ghgesdn

nononers include neiyd 1@ethogiid atan Béhb&bmﬁj:ﬁyd at®, form a mRkeBYlresin

acrylate, butyl acrylate, butyl. nethacr neth | at e,
but yl. met hacryl at e, Y |tl?‘§%r §_s. non-pergbfé WE’:@/CA%B )Qn ade. \rln, a

PCT/ US6/ 09838 solid or liquid thermosettingS@esin canlaase idcorebhyl
pexyl Aoty AL or ihled A YL AhErsety, of MYeblE hhtEriardtefnd GRYam™Y

be a.hal ogen,™ such as romn

thereby to en- rendymmahes trlesn-nf oflwid onoof-p@mahlweat (ﬁonmem;tllonal
chloride 5 and i d | -

chl oride, vinyl brgﬁﬂéﬁﬁngdgﬁﬁfae&??mih Fgﬁ%ﬁg{%ﬂ vi nyl fﬁlidmm 8’ %é%és X1
my be a cyano gro@ndhriRady @it kqmickemperaturgo|(phet 5~ azr9+bn. t FPPz and

et hacryl oni trie. véhtional HERM1BAGAReRsKEatERsy| aﬁ@t&éfjt.xséu:ha§8at Remyi ny!
ester, e.g. ceta vi ny yr vinyl ste
vinyl 1 aurat® vinge ﬁﬁl’ﬁ’ﬁrﬁ atfe;’eiﬂ"ﬁ?ﬁ‘ %’?‘b‘% r&% 1é'[ﬁdgbm“t ﬁﬁ%’e like. One

may al so enploy for smeiilcat fiormeietions of €Hdyimrintdlohy auwes setr fFoedh

copol yneri zabl e aC|ds uc a ylic acid, nethacrylic acid,
itaconic acid, 15 * é% |%P%%8ﬁf%ga§?%?g%alelc acid, fumaric acid,

vi nyl ben- - Z@ cypdicl zedinhformyation comprises the following:

Component Typical Components Range (%w/w)
Resin _ .
A mixture of di- andjiNovolac Epoxy
multi-functional resins |Bis A epoxy
selected to give a de-|Bis F epoxy
sired level of viscos-|Tris epoxy

ity, tack and g¢lass|Brominated epoxy 5-60
transition tempera-
ture.

Fire Retardant Fillers
Filler(s) that enhances | Decabromobiphenyl
the fire retardency of |Melamine pyrophos-|0-40
the formulation. phate

Wetting Agent :
Selected to promote
.complete wetting of
filler by the resin|Non-ionic Surfac~10.0-1.0

component. tant

Toughener

An elastomeric material | ABS Polymers 0.0-10.0
selected to improve du-|Silicone Polymers

rability

Filler

Amorphous silica par-

ticulates added to re-|Amorphous Silica 25-90

? This range reflects the fact that material handling can require
low temperature storage to preclude premature reaction of the thermo-
setting resin system and relatively high temperatures because the
£ilm may be used on a hot factory floor.



The fherrmpl astic polyners may al so include copol y- mer s (of the

random or ordered varieties, especially bl ocked copol yners) of the
nononer s descri bed above 20 with a variety of hydrocarbon nonomers, such
as pro- pyl ene, butene, and one or nore dienes, such as: *
straight chain acyclic dienes such- as: 1, 4- hexadi ene,

1, 6-octadi ene, and the I|ike; * branched chain acyclic ghﬁgg ‘3H§h

as: 5-met hy| - WQ96/40509 hexadi ene, 3, 7-di et hyl - 1, 6- oct adi

3, 7-di net hyl - 1, 7-oct adi ene and theS58i xed i soners of dihydro-

nyr cene, dihydroqci.nene, _and e like; * single ring ;alicyclic
di enes such ag%ln?l,cz’lreg CIIE €yt G%‘J&*&dﬁﬁ&—————l—é—al«el-eee&-a-di-enef-
1,5- 30 cy Iéﬂaﬁﬁkgg|eﬁe and the | K?amatlc égr] multti-ring
alicyclic fused dngifd dggdnched dhapss de viacke! | 2BLd5ehngeng.
met hyl t et r ahydr oif i) rlzatl hcyc opp s | ohio ol
bicyclo-(2,2,1)- &?&zﬁ¥m§ ltéﬂ kﬁ?l ene 0c%&E§5E§ényl
and cycl oal kyl i d{ MD 96/ 40509 ' :

PCT/ US96/ 09838 [ ezaess Ph“"h""es‘ et 2hottoEnenes
such as 5-nethy|< X Onor Bor nene FORR 51 Jnﬂldene 2- nor bor nene
(F1),5-propyl -  r1ow contaolOREERECTE, Srféﬂgd)raﬁa ne-2- nppheLepe.

- - C A - -

nor bornene, and the like. The thernnplastlc pol.ynmer used in
formng the in Specdifi. expRABABREAEHER nobllidbratigng cPEs sGh al Bidlhe
made fron1condensamd@mMQ§ngaglaggrﬁhesgshlaﬁimyﬂon- 6, 6; nyl on-6;

ny| on-4, 6; p0| yest er, tor nngL qgéé‘fé Kevl arl ar r]
pol yar ani de; pol yca tes. 2. Jl;\rll L (2 Wepant 5 Ao \/nhpn_\ll
propane car bon- at e) )c°mp°;5’<ﬂ%r ﬁ‘%’teés‘ hdhesiv |Adhesiv |Adhesiv
(2,2-bis(1l.4- oxyphenyl ) propane tezeph haFaPe) p& ﬁ m des® lBol Y-
Epon 828 (1) 8.5 —_ i —-——
Tactix 742 (2) 12.7 e —— —-——
Weight %
Component (Adhesiv {Adhesiv [Adhesiv [Adhesiv
e eB e C e D
A _
Tactix 695 (3) 12.7 - - -
DEN 438 (4) 0.8 21.6 16.4 38.8
Epiclon 8308 5.6 —-—— - ——
(5)
MY 721 (6) i 5.0 3.8 -
PC 1344 (7) o 0.2 0.1 0.4
Blendex 311 8.5 5.0 3.8 ——
(8)
Novacite 550 42 .4 - - -
(9} :
GP 31 (10) —== 6.2 — ——
Teco-Sil 200F - 55.6 70.1 27.1
{11)
TS 720 (12) 2.6 0.6 1.2 1.2
4,4'-DDS (13) ‘5.4 5.1 3.9 ——=
Dicy (14) 0.9 0.9 0.7 ———
BTDA (15) - - ——— 31.4
2-MI-Azine -—— ~— -— 1.2
" (16) : )
Total 100.0 100.0 100.0 100.0
% Resin 40.3 26.6 20.3 38.8
% Wetting 0.0 0.2 0.1 0.4
Agent -
% Toughener 8.5 5.0 4.2 0.0




et heri m des, such

as Utenferr]; polysulfones (see U S 15 Pat ent s No.
4,175,175 and 4, 108,837), such as Udel [err] and Radel [err] A-400;
t he pol yet hersul fones (see U S. Pat - ents Nos. 4,008,203, 4,175,175
and 4,108, 837), such as Vi ctrex; polyaryl sul fones;
pol yaryl am dei m des, such as Torlon[err]; and the like. A
wide variety of blow ng or raising agents may be I ncor, i thin
the pol yneri Z¥O%#stem  They can be volatile fl w%&’%ﬁw
agents such as aliphatic hydr ocar bon$9 ncl udi ng et hane, ethyl ene,
propane, pro- o SVA =Yo Y=V a TR V=Yo7~V 25
hexane, heptane, or fmxturedd Bilder of feed c)cn6d.8. 70.1 pfar2d.1
hydr ocar bons havi ngfa not SgtixatagRegh of226 0.feakt 2b-and a Boflihg
poi nt below the r D7 tne saTtem ng polnt_ ol the restnous
mat eri al- when sat lz oo .e.g pariicular_blow. _a.ge.n.r_
utilized. 30 i “’CPHér SUI t abf® RS §- forl$gﬁ‘;§2éb’e§ﬁ S ar 9? g'l_'?oro :
fl uor ocar bons d i ?’W 2 i
(colum 4, .lines % J%:tk;'}fkgg {ve I§?1%% suchs@lsfgngt et hy!
si | ane, trimet hyl et V\D 96/ 405q9 !
PCT/ USoe) 09838 Frrsers ssmasH T tpesie T ooy 2s T ér?‘@:sﬁ;:—-':

trimethyli sopropy:l

reédihanpowand trdiilﬁd“lyilmﬂ- | powdepy amd- Sl dbdadide, H¥r

pointed out in thj @:epét:ehtq:o thematlc ambog | i)ig.spoi Walleir slBtodusasi ng agbnt s

at atnmospheric |
5 _lower than
enpl oyed.

trichlorofl uororre:(

___ E:H.b.al.p._.tb.e.saae_t. eratuce
Y=Y §8F9 67h§N°aﬁ°¥+% ir @4 n8tkiGaat e (15) Bengophe-

e n,
a0
ow’%w‘-’ SR ochPBBIHE® sucq MgEals . 1 Hi9%ntane, |

1
| -pentane, neo-pe )a‘EBomeETQ”Aquz) Fumed | (16) Meth— 1
l

phenol no- ltoughener, lsxlica, Cabot lyllmldazole-
volac, Dow lGeneral , ,A21ne Catalyst,
! Chemical Co. 1Electric ! K

P

10

15

20

These resin formulations are made by conventional'
mixing of the components in standard mixing equipment
for viscous compositions. Good reéults have been ob-
tained using a Ross® Double Planetary Mixer, prov’idec!
with vacuum construction and jacketing to control tem-
perature and deaerate the mixture. Mixing is typi-
cally effected by blending the resiﬁ, unexpanded par-

ticles, elastomer components, extenders, diluents,

_curing agent and vacuum pumping to’ remove entrained

air. The temperature chosen is variable depending on
the viscosity of the formulation. It may be desirable
to separately mix the resin and the curing agent. 1In
such a case, the formulation may be divided up to mix.
the resin with some portion of the formulation to ef-
fect a well dispersed condition and do the same with
the - curing agent, and then combine the well dispersed
mixes, so0 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

asclzgﬁt' ad POVAET, I'—?Eeons[g‘??g Dianhy-, hs

or



o SRgeE e R ETEETTT

10 azodi car bonam de are conmmonly suggested bl owi ng agents f ound

I n.these types of in situ-expandable particles. Typically, the
unexpanded particles contain from about 3 to about 40 weight %

bl ow ng agent. As pointed out in U S Patent No. 4,397,799, pat-
15 ented August 9, 1983, the particle size. of the unex- panded
particles, as well as the expanded m crospheres © o can vg,;:% ' .
Particle si zeYVQ¥408He unexpanded particles can range, Tor eXanple,
fromabout 1 [err]mto about 1 nm pr@erably fromabout 2 [err]mto

about 0.5 20 mm_,.. vVer si | it X e | '
sol d under the nanghgyggzﬁrcutﬁ [%jfl?%ﬁ%dy;l\%%epﬁ%ngggg?lg%s C%B&g‘ééweggﬁfe
Sundsval I, Sweden @epdctaddr esiiguwer 1 ditllaist@ates schegebéeylly Thhy dAmnge

i n unexpanded part i LZesERO : @0 ek bout Lerclm
The particle di ane?ceilregleéﬁ-geiéﬁ_%pgﬁg flfﬂg ékt ?#{%S?ELQ}!E%QP%f%‘?g%{@, ?t he
i n situ-expandabl edshessefegarticdehayfigure 1lAgshpyadapgempesitei o€ vh-wi de

spread to achj eve phged thin PESIm p@fkgﬁgerﬁﬂpwnéwf, sbDid NeuB¥RLAERI C
nol ded f oam A particularly preferred in situ-expandable 30

particle is Expancéf-09Fid® Idhiich Festse ooy sybssrpee 12.  Substeape| Jder
of VIny!ldegg ig|0hh§ﬁbegﬁhy|ﬁallﬂlbﬂrﬁ&&b, such aiysﬂaaqnyheaa;rthgr??- .
cont ai ning 10- wei ght % i sopen- ‘tape, .and possesses the fol ]l ow ng
properties: aver agée% Plasuﬁhe?p&r‘?&éﬁdpﬁﬁh‘gl platsty and L bthR %gk‘fer r £h
with a spread a - true\\@ppd/i4a5@88n of the invention, film 11 would be
PCT/ US96/ 09838 : .53 . of about 5-50
[err]m trug'%densi F?pfgiﬁgﬁagcfmf?f‘mt/a?jér}neaﬁ than is iﬁ%f‘é??‘f’c. , kg/ nB), <20;
$m d T( SE ar L)/ Lgr r] gigﬂ;,‘?é- m;ingé;:é; Fhea i@e;;une_ BC.of -ﬂzﬁ;re ;AI plus .
-densi ty, kg/ n8, . 13 with alg bl gi4a9 Wi
a parti- 5 cl etssi zelr ar‘ﬁ’i ng n}ar(_)m abg&]{!&l s[uerrgﬁgt (lqgaggu%:?gén%? g?‘é -
erably from about BopérFprfaeeabduirdicatiye (qfatthegpriated circuit pat-

tern for a printed circuit board. Tool 13 can be heat

15 ‘jacketed or contain electrié heater within it so that

it can be used to effect cure of film 11 at the appro-

priate time. However, tool 13 can be made of a cured

thermoset resin, and in such an .embodiment, it is un-
likely that it will contain heating means.

20 In the embodiment of"Figure 1B, f£film 11 rests on

' solid substrate 12, and tool 13 is superimposed over

£ilm 11, in position to be lowered into film 11 or to

have substrate 12 raised so that film 11 is pushed

into the surface of toocl 13 containing molding sur-

-25 faces 15. Alternatively, both substrate 12 and tool

13 can be moved to merge them and cause surfaces 15 to

deboss film 11.

Howsoever that tool 13 and film 11, with or without

the presence of foil 14, merge so that molding sur-

30 facés 15 penetrate directly or indirectly (i.e., via

debossing foil 14), the surface of uncured film 11,

film 11 will yield to the pressure imposed by surfaces

15. Because of the thickened nature of film 11, pene-

tration of the surface of film 11 will not radiate



I ncorporated are inorganic and organic solid conposi - tions that
typically deconpose at a particular tem perature to generate a
vol atil e (gas) conponent that 10 . causes mcrocell formation in the

t hernosetting matrix resin. Typical inorganic blow ng agents

I ncl ude the ammoni um car bonat es and bi carbonates, al kali netal
carbonat es and bi carbonates such as |ithium carbonate, odlum

car bonat e, poPE%QV@ﬂPcarbonate, rubi di um car- 15 bonat e, 333

car bonat e, Iithiun1bicarbonate sodi um 6bi car bonat e, potaSS|um

bi car bonat e, rubi digym bi a m bi carb e xture of
t he carbonates and £13u % §r th‘r}g\ é’é‘tﬁaﬁef’?s& emafFaré? mlﬁl REFT
nmet al forn1oﬁabbe dénbonameSeamd bheadbspmaeed coffbaste cﬁrfiﬁﬁ 11
bonat es and bi carbgR3hes. AR bendRqe dxqnad SOMOSEBL 11 ro QLT upei
t enperatures by incorporating organic car I C acl dsTany &
anhydri des bl owi ngsagbntimecthatasyréace 17 C¢nﬁa¢ﬂﬂu£ﬁhmwhﬂ at Woen sur-
Sui table organic CcapBexyh | Eoffacts gilnl g8, %Wlld?re%rs‘%r@ bbbsag: d-

acetic acid and elc anhydrlde ere are a variety
of cheni cal B cfw% %ber‘l'tlélscﬂ’%‘%dﬁ% B héln&ee expansbnier sprface

(Naugat uck Chem cabrBhVi S'l—!lﬁvé%fezg Sif Rsbb.e:écé@nmnfoo rapldft&v'n'pl’eﬂ)é%klnie

t hat i nclude tol uene_sul fonyl razi d ne sul fon
semi car bazi de, 5- pfehf lt]e'tré'é'rzoi"% %‘f?s"bleazBléﬁ"ca g&naﬁ?%traérfﬁ’ Phal
like, that are exastl @dme small camcinel obl mmg 1Aagewsd s £30w} akheréby t he

pur poses of the.ipv | O S mnng agents nmay be em
pl oyed in tH‘e fornﬁlagff’%%sgg#m ﬂ]é g%veené]al on i ﬂﬁ?sar a. WO
96/ 40509 From the above, it is emwwse@/mgﬂﬁ& substrate 12

54 rangi ng Eggﬁg@b%t rga%lé 0%%/ t%noaraf Spl%é’iﬁ'%ﬁt has an up-

preferably from about
t her nosetting resi Wardr ﬁﬂldatq%ﬁlward mOVQ_Wq?r@f inevimgi takhde that fol-

lows a moving tool 13, an endless belt surface where
15 tool 13 is part of a rotatihg drum or tool 13 is af-
’ fixed to a longitudinally-moving platen, and the like.
Figure 1C is another embodiment in which a foil
sheet 14 is placed between tool 13 and film 11, and
the superimposed foil sheet 14 is rested on the édja-—
20 cent surface of f£film 11, which in turn is supported by
support 12, Foil sheet 14 may be made of a variety of
metals, as indicated above. The foil sheet 14 can be
made directly on film 11 by in-line vapor deposition
of the foil sheet 14 onto a surface of £ilm 11. When
25 foil sheet 14 is desired to be removed from the shaped
thermoset film 11, it is preférred to coat its surface
contacting film 11 with a release agent, such as a
silicone or polyfluorinated organic - release agent.
There are many different types of release agent that
30 are- commercially available that will serve this pur-
pose.
Once tool 13 is caﬁsed to shape film 11, either as -
the case shown in Figure 1B or Figure 1C, primary
shaping is caused by protruding surfaces 15 penetrat-



5 There may be incorporated into the thernosetting resin
formul ation certain thernoplastic materials known in the field as

| ow profile additives. These can be polymers of vinyl acetate,
acrylics, saturated pol yesters, poI yur et hanes, styrene-butadi ene and
sim- 10 larly used materi al s. Swtabletherrmplastlc vi nyl

acetate polyner |ow profile additives are thernoplasti yl
ace- t WOSM4Mopol yners and copol yners contai ning at fg@ﬁéﬂ%ﬂ

wei ght percent vinyl acetate. Such polyner@2in- 15 clude, for

I | t at ; d t at
ol yrer s 1ol ude. chpRl Jer Sttt iduous “Giitace, of 28 Hnd ot ny FEAPoSAPES
unsaturated car box!jilm 11 to raspcmﬂ ‘schemmgdn @fa(sutfamatshdtﬁr wiith-
acid, maleic C&u%’te YERELC 4 "i’l?rx:%ggltn? Q{/&}&aé&k%?dokhefllnkel?r &

20 hydrldes sulR-ad el el c /vinyl
chl ori de/ nal ei ¢ acthet pepotynef, P&Mttl‘ﬁélpnke Hafure- 1D is aesdde yieste

to US, Patest Nossngufd§ il aibhic of subt2@fefdfgandcBohlish Patent No.

1, 361, 841 for de- scriptions of some of the“suitable vinyl acet ate

pon 25 mer | ow :EFOPPFE Qédlttlﬁe\/e?‘b°dlll¥?%fﬁﬁ shonn ideecfigures 1B

pol ymer | ow profilgn@ddig,i vese orrésaatﬁh)g fwaa.qzdﬂu:@cuas shown | Rigi®d gRis
wi thin the range of from about 25, OOé) 75, 000. Suitable
RBRENT S

0
Dol yvi nyl - acet ot e FORFATBS| Epoves 16 that iqxe the Aqmale GAFiesy
are sold by Union 86 maleCatbfaeeshesi caIIn&tBIeastiltnatﬁonpwheBenlnhey,coﬁl'-

Suitable th | ast t I fil dd tis
bl BRSSP kRS hn! BYaPLR: o gipy apt A
pol yneri zabl e | i neBigarel/ 3¢, cyhe resulting cchegesd sstanmtt@a'lebmiwlatc@uhtain

saturated polynmersga 9
PCT/ US96/ 09838 '%g:.l layer tl'yg% ﬁéﬂ@évgg th§5 grooved surdf ?yr’rerl f ol e,

esters having at |BigerendDear bdiigre the Fedlp Mercﬁbtéém*ea rsledses of
linear and/or cycligent, then the shaped foil can be easily pulled from

i5 the surface of the shaped £ilm 11, leaving a printed
circuit board substrate that can be metal plated or
otherwise treated by conventional technologies to gen-

erate the printed circuit board. '
_ Curing of film 11 can take place while tool sur-
20 faces 15 and 17, with or without foil 14, penetrate
the contiguous surface of film 11. 1In such an embodi-
ment, the assembly ¢f toecl 13, film 11 an/d substrate
12, with or without foil 14, as shown in Figure 1C,
can be placed in an oven and with tool 13 contiguous
25 with film 11 or foil 14 and film 11. Then tool 13 and
film 11 can be pressed together so that the pattern of
surfaces 15 is debossed into film 11 and the composite
is heated to effect gelation or incipient gelation or
total cure of film 11. The composite is then removed
30 frox.n the oven, cooled and tool 13 is removed from film
11. If metal foil 14 is part of the structure, as
shown in Figure .1E, it will result in a composite in
which foil 21 is debossed into film 11, to form foil
lined grooves 20. If foil 14 does not contain a re-



esters including carboxyl ated pol yners having an aver - age of at

| east one carboxyl group per nolecule that 5 maybe used in accordance
wi-t h the present invention are those which possess a reduced
viscosity of at | east about 0.1, and preferably fromabout 0.15 to
about 15 higher. The preferred polymers of cyclic es- ters have a

reduced vi scq f about 0.2 to about 10 10. _ T, ﬂ?sf&}@@&i C
sat ur at ed poI@h&#’ | i near and/ or cyclic esters argéfwe nown
and the carboxyl at ed saturated ester®3are well known and such

t her nopl astic Oﬁggér?%’nggsﬂé/hav%sé_ggdnggé%cgkaﬂ}ﬁ?pﬂ AL SRS trp;%eagar ed

15 = fromepsil on capr een advant ageous yed
as |low profile addti¢wsky Pedr Eptlk, 21 otoefilm 11. arﬁwlwgwes.nﬁae itso de-S.

Patent Nos. 3,549, 98fedNdo use @h@GgoifB1f40rasde§crshai>h.ﬂas fs 15T %@St'c
sat ur at ed polyester.low profile additives and carboxyl ate t her -

nopl astic satur atEArbokyeBREr P RRiees ifrem zfd’&lt?ﬂ}eg'lth filpy é-ﬁ-ar@EP’T rom

cyclic esters. vided ﬁz&i@rtﬁ@efépéﬁﬁté%erﬂﬁltvk&satﬁ%ﬂ@éﬂeﬁnert&)é hefqar e
useful as low profile alddl tives are those condensati on

products of, prime?¥ I 511mi T4 iR Bake coatass Wltpdglla'ﬁdl:b'r gahh il L~ some
exanpl es of such démedisto leaver €oflli PlC iaCicdnthgaphiikal ifilacild, then

;nr/_epht hal i go?CI d %‘f%?/lc%‘?@%%’rme I |%€ek%n% gachc%dycol S_,CO 4 d be e&lkc%l ene
Al so suitable in cenere fopictfyopl the snvbate oﬂa830.eavmge fd:hbnﬁpl alst ic
polyal kyl = 261! atgeroa;egméqﬂa&f Wi esultir:l;ﬁéﬁ:ﬁﬁ@é&lg PO B d Nl ! ng,

for exanpl e, {lmers o acryl at
met hacryl at e, thebu??ﬁeme' paer fcdde 21n@t5ny3re%fcry¢ agéoo’éefhy Oachyl dise;

gg%gggrs of net hybt e Sl ho‘ﬁﬁﬂeégg)’%%@ﬁt on the surfadd of
foil 14 that is contiguous to film 11. In this case,

in a preferred embodiment, it may be desirable to

15 print the contiguous side of foil 14 with a pattern of
the release aéent coating that corresponds to the pat-
tern of surface 18. In this way, foil 21 can be wiped
from the surface of debossed film 11, as shown in Fig-
ure 1D, in much the same way that unglued gold leaf is

20 removed in making gold leaf finished signs. Abrasion
of bbnded metal foil from the nén-grooved and non-
cavity surfaces of the cured film 11 may be effected
by standard sanding belts or wheels and high pressure
water streams.

25 ' The use of foil 14 in making the printed circuit
board can seJ;:ve, as indicated above, the function of
transferring a metal conductive film into the grooves.
Chips and other peripheral circuit components affixed
to the' PB can be solder-connected to the conductive

30 fil1:n in the grooves and cavities making up the PB.

Calendering the resin formulation is a desirable
way of making the thin films of the invention. This
is illustrated in the drawings. As shown in Figure 2,

which is a schematic illustration of a calendering



térs‘of acrylic and nethacrylic acids, and copol yners of net hyl

net hacryl ate with m nor anounts of one or nore of the foll ow ng:

| aur oyl met hacryl ate, isobornyl nmet hacryl ate, acryl am de,

hydr oxyet hyl nethacrylate, 5 styrene, 2-ethylhexyl acrylate,
acrylonit[err]le, neth- acrylic acid, polystyrene, styrene

copol yners, such as styrene/ but adi ene copol yners, cel |l ul ose
acetate WO4889 al kyl ene oxi de pol ymers, urethane pol yhEWUS96/09838
and the like. 10 Mol ecul ar wei ght of tB4 al kyl acrylate or nethacry-

| ate pol yners usefu], in e.invention npy vary over. a ., |,de range from
10,000 to 1,000, 00 %&e?%f:aﬁf" endariig r%rf%/l?fagﬁt? tf&lgbo,\gfﬂﬁ therto-
Uret hane pol yners tswettioran nizet il meyscch iflmrmh;st_:i_asn fided 33¥ecid ifer tal ouip or
and some oxanpl os 2o118 (AP CTMIE, rol1q 3T e eafhfady (981 S g o
74-746; and WEsrtPdienthélodesized goickness of t}iﬁhé,i.llmm,iiﬁno% iite is
addi tives Uaysusua'éé’sitlf‘ab@l@'%e‘ihéo radﬂf%heofofﬂ’é)_shﬁwﬂéi&ﬁ khe avoid

I nvention 1 n proportions . f rom &about to 25 wei ght percent; an
preferably from  drawimsutacrion zf fdilghs8Tpaftent fopmiprugun aadd st Slal

wei ght of thernpsetgding r 881 May O¥aPyOfiln ewfdtd,! | ¥8der ro138d Qdating
reactive conponents. 25 e low profile additive can_function al one
or in conbi nd%H TR BRM ang CRETPHE™ afehts PIRViding more con-
ening contributor tgrdiheoddOWELDAr aRLEkhESs Corh &dge to edgeSi NBecause |
TP iy b B0 MR RSSF Y RocOR A A Alag, PliENR S
nurmber of ways. Mmiform thikénessetfirary edge ntoaredge/ | dndat fadmowit t33C.
o esino o (BN RIS Bl Sl GRS er <BAN cnar oS
less than about 60 inches wide. A convenient width is
about 40 to about 48 inches. Manufacture of films
15 meeting the speéifications 6f this invention are eas-
jer at those widths. Because the viscosity of feed 33
is not excessive, one may look at the calendering op-
eration as a filming operation, akin to roller coat-~
ing. The distance between rolls 31 is maintained by a
20 . force balance {not shown) between the hydraulic pres-
sure 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
25 to increase the matrix resin viscosity in the film.
Temperature reduction of film 37 increases viscosity
that reduces flow within the film and thus helps to
preserve its dimensions. This may be accomplished by
passing film 37 over one or more chilled rollers 35.
30 If' ;zsed as chilled rollers, they are typically inter-
nally cooled via internal jacketing, to temperatures

from about 0°C. to about 25°C., preferably from about
10°C. to about 16°C., sufficiently low enough to pre-

vent any sagging or flow of the resin matrix. The
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57 tacky. For exanple, aresin that is solid and a resin t hat
is liquid can be conbined to forma mxed resin systemthat is

non- pourable and tacky. In addition, a solid or liquid

t hernosettihg resin can have incorpo- 5 rated in it a variety of
diverse materials that wll render the resin fluid non-pourabl e at
convent i onal WO96/40588and| i ng t enperature conditions and fl ui MWQN e
and tacky at roomtenperature (about 15- 37[665]C) Con- vent i onal
handl i ng tenperatures_are defined gs a tem perature, of between
about -20C. to abofhiddc yollers, YTﬁﬂct:]é-lngf ofREI aﬁ-%‘ﬁs olREFRASH Ve on
are set forth resif’bhela¥tion ngduabbeso that n‘b§5)ﬁ)| cfabwr egs N de-

formul ati on corrprlses th

foI
Typi cal Conponent s é %v%\ﬁ)lnp dimengiongl stabz.g?.g% )&%r'%alrtﬁai’lﬁd'
and Novol ac Epoxy 1In tharmt:bmfigm::atmml ofeRigurd 2, A ephigr 35 magl aed ed

to give a deg Bis E +ER9 Xd as & R Q1hg)§e|r&{l%§ SC%S_gIE.LiFr PO1Ver for

ity,. tack and gl aSs rom nated € ‘60 ansrtron
t enper a- t ur elignment Fumme@r dand/@rl lagr take-up Eiollex(s)as hate-

enhances Decabrom)QE_Fggnyl For hgm%dqecgﬁggﬁggggg of,, Iazg@ nﬁap@i‘r‘lﬂhos'

0-40 the fornulati on.
Sel ected to . predsstic (Vlze@rrpi?%ltl@thxfl@cqel n@llm)oflayers f(F!PF-erShqwl) t he

resin Non-ionic ﬁHFfoé Sphried to théogﬁﬁgf@é surfaces of fiiﬂnt37
Toughener aStt%InE” c material, ABS Poly 0.0

sel ect ed tolpnprovgrﬂﬂ Fc SOFI85PPREL0T core! r‘%ﬁillsl't yee f"I"‘FF‘I Isé’rnd' |

Anor phous silica paiched construction. 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-

15 tween the nip rolls 31, thus controlling thickness.
Thickness control may be enhanced by use of statisti-
cal process control to indicate when nip gap adjust-
ments are required. .

Figure 3, which relates to a prior art process for

20 making flat board PB’s, describes unrolling glass fi-
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

25 shown is symbolic and not necessarily indicative of
how the resin impregnation step is specifiéally 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

30 is :fed through squeeze rolls 123 set to nip fabric 125
and reduce the level of resin therein. Fabric 125,
containing A-stage thermosetting resin, is fed to
treater 127 containing heater 133. Fabric 125 is fed
over guide roller 129, past heater 133 and then over



ticulates added to re- Anorphous Silica. 25-90 [err] This
range reflects the fact that material handling can require | ow
tenperature storage to preclude prematur.e reaction of the therno-

setting resin systemand relatively high tenperatures because the

filmmy be used on a hot factory floor. WO 96/-40509

PCT/ US96/ 09838 58 fine cured CTE.
Curing Agent WO 96/40509 Aromati c Ani nes, SR
phenol i ¢ and/ or CGuani des, Novol acs, 50-12%§ Stoi - honopol yneri zati on
| m dazol-es, Imda- chionet rz, catal ysts zole Salts,
0.01- 2. 5% guide rollér 131. Bﬁogﬁﬁ?'h%"s.lz"' polyr@:ghpyg{.on of
Thi xot a o%e the A-stage resin isf Endedated i s6 thatFltnwl l(tena&mebeagent
Treate ays ,0.0-5.0 . ecifi.c representative_ i stratigns
of such film  HBInEfItT R Eiiﬁgtf%esqeoﬁq g%sr‘ig:ls EranStormed°toa' 87
Wi ght % stage reSibnponePteprthesabridtheiseet AUBSsiis Aglibdéd by

e e B e C . A Epaon
828 (1) g 5 roller el:?{ _to collection r &Ctllii)%.74§‘h82?reprfg_ i,"abrgc

S A 135 is, at a separate §@itgiun,%unrolled and @@dnpbaent

Adhesi v Adhesiv Ad | . ' i
A CeSI v < ([a)s_l v AdRpsly £HAESidual sheets ,l41.  They are %lé%n ( §§1pe§:.%é

_— N posed to form a multi-layer pre-laminate lay-up struc-

7

ture 143 containing copper foil on the outside top and

10 bottom surfaces of the multiple superimposed prepreg
sheets. The lay-up structure 143 is inserted into
laninator 145 comprising a platen press containing up-
per heated platen 147 and lower heated piaten 149.
With pressure and heat, typig:ally around 350°F., the B-

15 stage resin is cured to form copper clad .laminate 151.
[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.
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reiygff thereto it &??thg P%dgd WlEP%Pt co%?{?giﬁﬂ

. ing( fllopi at Athe edgms & $he res(m) £8lmi ca (13) 4, 4'
(9) Silica (13) bfl Forms a thOARESeE eﬂélectlfi%skﬁbstrate powder, Mal -

Chem cal Daj ni ppon vern rp. phenyl| -
c) is sufficiently uniform in thlckness to provide con-

sistent and essentially uniform heat shaping capa-
bility across the whole of the film, and the thick-
ness is sufficient to accept the shape imposed by a
shaping process;

d) has low flow over a broad temperature range sc that
it does not flow uncontrollably. while undergoing
cure conditions, and when placed under pressure,
only the portions that are superimposed over a
groove or cévity‘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 imposed on the
film; and ’

e) gels or near-gels under conditions leading to cure

that satisfy commercial conditions.

2. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 1 wherein the film
comprises : '

{i) a thermosetting resin that advances in molecu-
lar weight without formihg a significant volatile by-
product and

{ii) a flow control component.

5. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 1 wherein the film
possesses —

a) an uniform areal thickness ranging from about 1 to
about 250 mils (about 0.0254 mm to about 6.35 mm) as




ek S S RS ARyt w7

| nk sul fone, C ba (2) Tris epoxy
(6) Epox“ul“l "lmulluml “ ‘m (14) Dicyan- resin, Dow di zed aro-
powder Chem cal Co. matic am ne, bison Wl ker

Product s Ciba CGeig (7) Nonionic-

(11) Silica (15) Benzophe- epawlsr%ggﬁ; ngiﬁf" ct ant, powder, CE
none Di anhy- Dow Chem cal Monsgnt o Beral s dride Co.
(4) Epoxi di zed W@p6/4q8e9 (12) Funed (16) Meth- " phenBFY/H826/09838

t oughener, Isili ca Cabot ylim dazol e- 68 vol ac, Dow Gener al

Azi ne Catal yst cal ctr ere .
formul ati ons are made® g‘(‘:‘cﬁﬁfgﬁt‘ﬁml e “elgﬁltxPﬁgrﬁT“f L, eeht%"‘fed‘

standard m Xxi ng equi paee4; for VI scous conpositions. Good results

have been ob- 5 tai n l.e.,.Pl ar |v| xer
provi ded wi t RNVYE r#?:}cl)n ruc | on an}? (L:{:E’é"t%lkﬁ %g oTXTesring
perature and deaer at ethéedendatiron fathmgeitsfoyph-in Tabl&:dl,l y effected by

bl endi ng t he gr esin, unexpanded par - cﬁ el ast oner conponents,
extenders, diluents, 10 curing agent _an vacuum punping to renove
entrai ned air. The tenperatu}eRangsendni s \mwﬁ-abﬁ-endppendi ng on

the viscosity of the fornulation. | mawdds des| r ofidetor to separately
mx the resin and the curing agent.| |} to 5 slick & made,{the fornulation
may be divided up to mix 15 . the fesbntailth spre Ppauiflison} of the

formul ation to ef- fect a wel{ dosperzsa pondl gpgn apd do the same
with the curighg &@efiiow Atd al BFGAROFEMPeraterd zangd oPer sed

m xes, so as to mx themall_ under conditions avoi di ng premat ur e

reaction.  Such pdcelfir It vkP| CHFEni Ae20 or PRBTSRPLY @lt tHRIRARA-

The fol | owi ng di scussi@red efr@ineabcut! H0°dl abNaBout 250G Ui B itGhn

shown t herein. None -of the figures
about 7 days and more than 1 second;

10 . e) a low dielectric constant in the thermoset state.

4. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 2 wherein flow con-~
trol component comprises one or more of
i) one or more electronic grade fillers;

15 ii)a thermoplastic resin that is soluble or partially

soluble in the thermosetting resin;
iii)an elastomer-type polymer that provide discrete

elastomer phases (second phases) in the thermoset-
ting resin matrix; and

20 iv)a thixotrope.

5. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 1 wherein the film
when cured is metal platable and adheres to a conduc-
tive metal f£ilm.

25 6. The essentially nonconductive, isotropic,
thin thermosetting resin f£ilm of claim 1 wl;erein the
film adhesively bonds to metal foil and can be used to
make a stamping surface or create a conductive ﬁatl:_away
on a stamped and cured resin film.

unuiﬁiii\T i \‘iﬂi
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”" W”mm ions of the various conponents there
dep| ct ed. "I rat es schematically the im pl enment ati on

of the filmdf the"invemtion in maki ng‘?ﬁ E d article. Figure
1A shows a conposite of un- 5 cu e'g ? E\Ev uper i nposed over
solid substrate 12. FiIlm1ll i& rest bstriate 12. e 12
may be any soh%éﬂfq’ace, such as steel, vvood, t her no- “s:e!étgiiéisﬁc, a
heated netal platen, and the like. In 6% true application of the

i nvention, film211l woyl d be ted nmuch t ner than is

depi ct ed. Fi gure 1E§ﬁ9ncl u ‘?’heﬁTyeatrtﬁ%corbc?u lv&r’e tROfEgPic,
tool 13 with nal e bbini ﬁgegmpﬁat’éanSrpsaanfdﬂ.ngdfrcn:ﬁalm 1 wbekesur fthee 17
i ndi cative of the fi%@ Eg %hég@ﬁt Banntaén PESEGeLOEuﬁfgﬁi@tfgﬁg %8“&5

board. Tool 13 can contain electric
within it so that makingjta caﬁPft%lq}'é(?G t Pashvayt &ur e ofPHinted] 1 cdrouis

appr o- spriatgohi§e. However, tool 13 can be made of a cured

t hermoset resin, and i n such_ an enbodi ment, it is un- likely that it
will contain heating freans. B essentially cARRAIRSNCIMER| gdeOtEBPiLI m
11 rests on €Rin dthebRbsateidd, rasdnt Q@hml%ﬂ TIURE 1 "WRELEIRY ehe
film1l, in pOSi.tlgg to be | owered..nto fil or.to have substrate
12 raised so that FREHPASStER, srﬁ@d'n is an ﬁ?8x¥hﬁe§b?face of tool 13
contai ning nol ding sus- 25 Thé acesseritialAv errrmtaorfdu;c,tibet,h dsbetcopie, 12
and t ool 13 b r e d t
deboss fil m tAh @h%ggﬁg}ﬁhg %’go?j'?g and jflaﬁﬁé’f’%%l the

wi t hout the phexmegetping oresin, lr%réeo%othhatgnmlpdlﬂqlmtlmm of

faces 15 penetrat ebﬁs:agféimag 'BH&ﬁSfﬂ:}’ (gol%stw;a  PMR= 1?1'398 &ngS’il

14), the surface of uncured i/
pressure i nposed b?Y%‘Eﬂ‘¥%1c@§ter' Vifb‘fl B§§§9§e 36\"5‘ tﬁEeFl'i n&GrW&PGF—édof
film1l, pene- resim@fion of the surface of film1l will not radiate

15 10. The essentially noncénductive, isotropic, thin
thermosetting resin film of claim 9 wherein the ther-
mosetting resin is a mixture of an epoxy resin and a
cyanate resin.

11. The essentially nonconductive, isotropic, thin

20 . thermosetting resin £ilm of claim 9 wherein the ther-
mosetting resin is a vinyl ester resin. _

12. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 4 wherein the flow
control agent comprises an elastomer¥type polymer.

25 13. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 4 wherein the flow
control agent comprises a polyurethéne.

14. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 13 wherein the flow

30 conérol agent comprises a polyurethane containing ur-
iedo Dbonded phenolic hydroxyl-containing terminal

groups.

" This Sheet Has Been Rep
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PCT/ US96/ 09838 fl ow

-.-of the fi the area of the mal e sur- f aces 15. | nst ead,
.the ﬂ“‘ﬂ H ‘of film11l vviI_I cause the remai nder of film 11

to r| = such tinme th IQ:Q cts film1l. When sur-
face 17 contacts filma1l, the o 3 | nposed on film
11 wll cause film1l to expandln r . Hchﬁ. '
surfaces 15WQY%408i dly penetrate : T 11, it is possi me %s%at t he
penetration wll cause sone small af®dunt of film 1l to flow, thereby

.10 : 'Ca“.Si ng film %fét' s EngQ eﬁt{}zaleiryf 6 q'xcad’n%glctlve J_sotgggm:t h@hagove

it is easily seen t a sfafionary pflaten,
pl aten that has a:rheurposettmgwa:led:.anGl&mmﬁ/alcdlaMVénﬁmereénnﬁthgesabl e

that fol - n Q | gktisu ]\égbere 15
tool 13 is part o a ro ilnnglgﬁu%nx% %gleeq%'emg? ie f)églx
| ongi t udi nal | y- movi 3§ - plﬁt%rﬁswltéié-lﬂ ingnconductive, riigotEopEc; s tAast her

enbodi ment 4 n Vm't%@r obQitlting resifeeiihdoifs chhamed helereen kael rkdiand
film1l, and e superi rrposed foil sheet 14 is rested on the adja- 20

cent surface of qunl’ﬁaﬂls #hiteH PRofile addidiySorted by support 12.
Foil sheet 14 may b@.?”'ﬁd&é)fes?sé&%iﬂl\y afonconductival, S,J.smrbpdbcaﬂ:hdnabove.
The foil sheet 14 can be tg_e Bﬁﬁt I é’ on film 1% by in-| |trlwréapor
deposi ti on therpeseto; Fesifefi10 § P%uFPEERI of PR |SRSER K 25
fOi | sheet 14 is pdagohQéictavee r éspredpicom thin shtpmrmosettingheressat film

It 4]eferrd1(1to coit |t§ surface contacting film1ll with a
reI gase agjg Silicone or polyfluorinated organic
rel ease agent. 18 THEIQ? essentially friareanducias, ofi sotirerse, agdar t hat
30 are commer Ghal ai EDeh w be %Y Veublh§ RWe  essentiBdi
Once tool 13 is cq-'la%ﬁhés'%\é s]lf‘]ape P 2 tﬁﬁ}r las g t he case s?own I n
Figure 1B or Fi gmoacegdustiygyy lSOtropsﬁamFPQHPS %Flﬂ:got F§diRg
surfaces 15 penetfjar of claim 2.

15 19. The essentialljr nonccnductive, isotropic, thin

thermoset resin film made by curing the essentially
nonconductive, isotropic, thin thermosetting resin
film of claim 3. '
20. The essentially nonconductive, isotropic, thin
20 thermoset resin film made by curing the essentially
nonconductive, iso'tropic, thin thermosetting resin
film of claJ.m 4.
21. The essentially nonconductive, isotropic, thin
thermoset resin film made by curing the essentially
25 nonconductive, isotropic, thin thermosetting resin
film of clairtt 1 and containing a thin metal foil film
adhesive.ly bonded thereto.
22. The essentially nonconductive, isotropic, thin
thermoset resin film made by cur:.ng the essentially
30 .nonconductlve, isotropic, thin thermosett;t.ng resin
film of claim 2 and containing a thin metal foil £ilm
adhesively bonded thereto.
23. The essentially nonconductive, isotropic, thin

thermoset resin film made by curing the essentially



A b TR

WD 96/ 40509 PCT/ US96/ 09838

s surface of film11. Thi s causes . film
11 to respumllmﬁmumnﬂﬂmn of sur fgee . out materially
i ncreasing the den3|ty of *film 1l at S IVHEFnTd of penetration.
Figure 1D is a side view 5 sho Jsuch shapi ng acti on.
In both of the enbodi mrents as shown gur es IB and 1C_ the

resul ting str¥@a8¢#58% shown Figure 1D contains groovesPURUINAMS,, o
the femal e correspondents to male surf@ges 15. In the situation
where the com 10 posite formed.,is based on the use of foil, as shown in
Figure 1C, the- resd}°ﬁ°ﬁ6d§ﬁ§b(¥8'st AGOEEPRIGH | | tRigh: SFhermosetting,; |xesipe,
that follows the griidwedfswifsine A 6amd containfinguize thildh medhar EoitheEififi |
14 contains a rele : he shaped foil can be easily
pulled from 15 356 e?ﬁy?ageggﬁa%ﬁ; g?)%d film1ll, leaving a printed
circuit board substrat2d.t |The cessentimtly rmractcanHucrtJ.ve, isgitirepiics e thieat ed
by conventional te s n r [ d ard.
Curing of fi Irb% 11 gﬂ;{r%q_ngggﬁ é(:%eﬂ’fawhifl’"émt (I)ngld(é aérf %‘S&I%fgglgs 1 &%%39
with or without fomonmndpé‘n‘eveatelsotropme cohkn gm@mﬁtetc;@gof reisim 11.

I'n such an enbodi - £ilm ofMlaint NP A% LA ingOR! thin f:delt@lllfoaad £ilm
substrate 12 th or withqut foil 14, as shown in Figure 1C,

can be placed in a;?dﬁ‘\?éﬁvﬁﬁﬂ RepAedobheaetapnt | guous 25 Wi th f| Im 11 or
foil 14 and film1l. 28henTheoleskdnmidlly noncéhduetilve,an dw patsedhin

t oget her so at t pattern of surf.ac 15 1 s _debpssed .int LIm11l

and the COfT‘pICd;I te Q%ermosﬁ h%%%"é’d f"b‘h@f fnégf }é’i a‘f'i'ﬁ’rf’%rggﬁcﬁﬁs tg@é#‘é{tion

or total cumenebnBibbhidé, Tmeotnopbs;tethm t hehremeyamtedng0 resihrom

t he oven, cool ed and,toql r f.onetal foil
: gﬁlﬂbf éiafﬁ vz b Egré{ﬁ"Qhé ?%tit foii lFlcPESU|t

14 is part of the own'Tn

in a conposite in per. vvhlchf0|I 21 is debossedlntofllmll to form

foil lined grogges e defsehtiihilg H8RSoARIGWY Aiskdtdddic, thin
15 thermoset resin film made 'by curing the essentially

nonconductive, isotropic, thin thermosetting resin
film of claim 22 wherein the thin metal foil is cop-
per. .
27. The eésentially nonconductive, isotropic, thin
20 thermoset resin film made by curing the essentially
nonconductive, isotropic, thin thermosetting resin
film of claim 23 wherein the thin metal foil is cop-
per. |
28. The essentially nonconductive, isotropic, thin
25 thermoset resin film made by curing the essentially
nonconductive, isotropic, thin thermosetting resin
film of claim 24 wherein the thin metal foil is cop-

per.
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63¢ | ease agent, the adhesive nature of film1l will tena-

ciously bond foil 21 to film11l. However, if is de- sired to use the
foil 14 as a shaping assist, then foil 21 may be pulled from contact
W th frlnrll pr o- vided that the rel ease agent was provided on the
si de 3&*%¥%éé to make contact with film211l. If it is de-

sired to | eav 1in contact with filg 11, then t RTS8 o
may be subjected an abrading action to remove foil fromthe surface
18 leaving foil 21 in 10 grooves 20 of the resulting printed circuit
board. In the case where foil 21 is left in grooves 20, it is

not desirable oft 1 foil 14 that
I s contiguous oA A i j ' ef erred enbodi nent,

foil 14 with a

"FIG, A

it may be desirable to 15 orrnt

pattern of

tern of surfads d

surface of debosseo 1, as shomn In. Frg- ure 1D, in nuch the
sanme way -t hat ungl ued gold | eaf is 20 renoved in making gold | eaf
finished signs. Abrasion of bonded netal foil fromthe non-grooved
and non- cavity surfaces of the cured film 11l my be effected '
by standard sandrng beIts or wheel s and hrgh pressure wat er streans.
25 The 4 - rgwit board can

serve, as i ndiff ,-; erring-a neta
her peripheral circuit

conductive fil ’
conmponent s afﬂ €0 C C nﬂdcted to the
ki’/ng up the PB.

conductive 30 vl”””llflilll way of meking the

Cal endering t

thin filns of afl@d i e drawings.
As shown in Fi F?l iu¥3

13

1571515 ' 17 14

N L O N I O WO U O VN V. . \\‘/11

W77 777777777

NN B T Te

FIG. 1D



which is a schematic illustration of a cal endering WO 96/ 40509
PCT/ US96/ 09838 64 line 30 for

cal endaring a shapable film The therno- setting matrix resin
fornmulation feed 33 is fed to nip rolls 31. Nip rolls. 31 are
calender rolls spaced apart to the desired thickness of the film 37.
It is ?W@F'ﬁlnthe practice of the invention to avai d

dramnng action o 37 after formati gydy rolls 31. qQW$§m§§8nay
vary in wwdth, wider rolls generating nore throughput and narrower
rolls providing nore con- trol over filmthickness fromedge to
edge. Because 10 this inventi.on is concerned with filnms of essentially
uni formthickness fromedge to edge, and front to back, it is
desirabl e to use calender rolls that are | ess than about 60 inches
wi de.. A convenient wdth is about 40 to about 48 inches.

Manuf acture of filns 15 nmeeting the specifications of this invention are
eas- ier at those widths. Because the viscosity of feed 33 is
not excessive, one may | ook at the cal endering op- eration as a-
filmng operation, akin to roller coat- ing. The distance between
rolls 31 is nmaintained by a 20 force bal ance (not shown) between the
hydraul i c pres- sure pushlng ondiae roll and thez?ff setting matrix
fluid pressure actlng in the Oopp05|te ection toZOh- roll

Once film37 is fd : to increase the
matri x resin viscq tion of film 37
i ncreases Vi scosit and t hus hel ps

to preserve ] X ‘ed by passi ng
film37 over one or nore chille IIers If used as chilled
rollers, they are typically int ‘é; aIIy cool ed via internal

jacketing, to tenperatures

00 23 2023 23 23 23
11

FIG. 1F



fromabout O0C. to about 25[err]C., preferably from about 10[err] C
to about 16[err]C., sufficiently | ow enough to pre- vent any saggi ng
or flow of the resin matrix. The WD 96/ 40509 '
PCT/ US96/ 09838 chill rollers, by cooling the film increase the
resin's elastic nodulus so that resin flow is de- creased and film

di nensi onal Sﬁﬁabghkﬁ%is mai nt ai ned. In the configuration of Figure
2, roller 35 may be utilized as agghilled roller, FFNYRE098BY| | er
for al i gnment pur poses and/or a ta%é-up roller, as de- si red.
For handling conveni ence, release paper or plastic (viz.,

pol yethyl ere filnm) |ayers (not shown) may be applied to the outside
surfaces of film 37, 10 fromtheir corresponding core rolls, to forma
sand- wi ched construction. Continuous density neasurenents are
t akenn at point 39 and physical areal weight neas- urements taken at
poi nt 41. Feedback from both of t hese neasurenents may be used to
adj ust the gap be- 15 tween the nip rolls 31, thus controlling

t hi ckness. Thi ckness control may be enhanced by use of statisti-

cal process control to indicate when nip gap adjust- ments are
required. Figure 3, which relates to a bLLQr:ﬁrt process for 20
maki ng flat board PB s, describes unrolling glags fi- ber fabric from
fiber glass fabric roll 111, passing cont ifjnuous sheet 113 of gl ass
fiber fabric into resin trough 115 via guilde rollers 117, over guide
roller 119 and under guide roller 121. THe nunber of guides 25

shown is synbolic and not necessarily indicativg of how t he resin

i npregnation step is specifically car- riqd out. . Trough 115
contains sufficient A-stage

FIG. 2

~
M
—




trher'nosetting resin to all ow the desired inpregnation of the fabric.
The fabric withdrawn fromtrough 115 30 is fed through squeeze rolls 123
set to nip fabric 125 and reduce the |l evel of resin therein. Fabric
125, cont ai ning A-stage thernosetting resin, is fed to treater
127 contai ning heater 133. Fabric 125 is fed over guide roller 129,
past heater 133 and then over PCT/US96/09838 67
CLAI Ms: WO 96/4050%  An essentially noggpnductive, isotropic, thin

t her nosetting resin filmthat a) shapes by stanping and
conpression nolding and with 5 respect thereto it can be nvol ded

W t hout constrain- ing flow gt 12@e edges of the resint0lm

b) fornms a thernoset diel ect rg—e—stt pam c) ipg~sufficiently
uniformin thickness to provi si stent” and essentially
uni f orm heat shapi ng capa-_ 10 nckdbs the wgole of the fiq{43

and "t he thi ck- S 0 accept shape i npgged a
shapi ng process; d) has a broadTeNMpef ature r #
t hat, it does not flo Pplly whi l 'ﬁai 1
cure conditions, and whed d : edsure, ;
portions that are superi nposef grigove—oeHf cavity hRe—flase
of a femal e nol d, ber,ancaCIi—the case of e
nold, wll j Sf pressure inposed onythe 20
firlm and i N\ NEG~HA fﬁﬁitions | eadi ng to cufde.
2. The essentialfy r ¥ e I t her nosettipfg
resin filmof ¢ o mngl/fi 0 i ses (i a
t her noset ti ng 4 | ar wei ght wi.t hggt
formng a sig :
(AR 115
147
Z
151 J) v
/
¥ |
155
153

FIG. 3
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product and . (ii) a flow control componeREPLAGEMENT SHEETS 1, SG
essenti al | y nonconductive, isotropic, thin _ Dﬁ@éf’ﬁ%éﬁg@ﬂdﬁﬂésﬁ’%‘*ﬁﬁgﬁ
of claim1 wherein the film possesses MClaim(Sh) apaged S oenpaged 5
t hi ckness ranging fromabout 1 to abgubl REwing(k)s: gagodut.. 0. P2S4 .hm
to about 6.35 mm) as : O Abstract  : paged .=.. ©8pagzsd ...
g;ﬂlcylﬁteQTromthg wei ght of resin filmfor gi ven ar ea,;

with m ni rum and nmaxi mum t hi cknesses notyaexc ' 5 rhe2 1998
deviation factor set forth in Table A, 5 131 B OF RECH P e el
A I . a high heat Bafdecitive Dehdsatiicon without defining the
mils act or '
5to 10 [errPlESFﬁ;Fs and a plurality of re:cL:ets(s)eglart gréggreg & g]ﬁilﬁi 20%
c) low flow at ajhegadch@npaisd tF£cd angiface ford)rddwiwiid i tohd ofduee,
gel, or near-gel, at tenpera- tures from about 20 er.r]tC. t gbout
250[err] C., in | eéschharflosely spagegapaghyst mof tar{gnl §868£8, 10
e) a |l ow digel ect E:ij.chQE'?t ant in the thernoset state. ' 4. The
essential ly nonconductive, isotropic, thin t hernmosetting.resin film
of claim2 wherein fregeésa, U.S 5, 353013 Tonpoh e MO dBHIRRR bndl ot NS e of
i) one or nore eggggroni c grade fillers; 15  ii)a thernoplastic resin
that is soluble orf partially soluble in the thernosetting resin;
|ih i) a) pol ynrﬁr t hat TheoBmhgriiscratde Parker pabemgsongtlprasebonedcsrd
phases) in the ther - ‘ - L esi ry: LX; +&N Y
t hi xot r ope. Blmgggg.gnﬁ’%ecégggﬁflga%ﬁﬁdnc%éﬁghgtégvg,a I@gégpgélog& '%f%irn

10 simplifying PB manufacture, demonstrate the complexity

of making tools and making PB’s from the tools. One
of the reasons for such complexity is that the materi-
als of construction that are used for tool making and
for printed”wire boards are undefined or improperly

15 designed for a simple and effective PB construction
that avoid CTE mismatches .and for making tools that
can be used in shaping plastics and resins into
printed wire board substrates, whether containing or
not containing grooves and cavities.

20 The art of making PB’s is restricted by 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
of PB’s. There is a need for a simple and cost effec-

25 tive method for making PB’s that has the capacity of
minimizing the required use of labor intensive tech-

niques.

30

REPLACEMENT SHEET
| 07pEc® |




thernosetting resin filmof claim1 wherein the film when cured is

met al pl at abl e and adheres to a conduc- tive netal film 25

6. The essentially nonconductive, i sotropic, thin

t hernosetting resin filmof claim1 wherein the filmadhesively
bonds to netal foil and can be used to 14 make a stanping surface or
create a conductive pat hway on a stanped and cured resin film

69 Eumméxﬁlmi_khﬁniﬂiéﬂlgganonconduct|ve i sotropic, thin
thernosetting resin filmof claiml wherein the filmis shaped to
cont ai n groog@@PE@#fﬂ%bl <§°f orth§e |¥Pvent1°rhiak| ﬁ&eﬁeconhlﬁct |R}"@‘ﬁaﬁerﬁva 3y a
printed circuit esse .
nonconduct i v"esselil%’cﬁq‘]&bl élon condutqﬁ:nvq he‘rsrﬂjfsré’cpﬁ%g ngl' ?‘FH“B]SGEI'C&P& 1
“wherein the ernmgsetting resin is an epoxy resin. 9. The
essentlallsy rE&She t594% i sotropic, thlntherrmsetting resin film

1Ty 47" S B PRI
1
Cyanate el eoeXkov! EoLefo280, Sas Ul SN OREELe conokERiATag! Frow

resin film Oétcéﬁé@%gé@eéf'&é h:.eeé Mei1ms nosetting resin is a mxture

of an epoxy resin an anate Fesih. 11. The essentially

nonconducti v ﬁ’n féﬂﬁé ogltgae];mgegodlelé@@ﬂ@sgﬁgéﬁgaggy n filmof claim9

wherein the t nosetting resin is a vinyl ester resin.
12. The 9§§e@$'aE§y RAFFQRAGH 1YL, ﬁﬁf@éﬁﬁ'Clntmﬁhlcknesérm%ansﬁkbbﬁﬂe

resin filmof claim4 wherein the fl control agent conprises a

pol ymer . con51stent and essentlally uniform heat shaping capability
across the whole of the film, and the thickness is
sufficient to accept the shape imposed by a shaping
process;

15 d) has low flow over a broad temperature range so that it
does not flow wuncontrollably while undergoing cure
conditions, and when placed under .pressure, only the
portioné that are superimposéd over a'groove or cavity in
the case of a female méld, or over a profuberance in the

20 case of a male mold, will be caused to flow because of

pressure imposed on the film; and

e) gels or near—gels under conditions leading to cure.

This invention relates to a thin isotropic thermosetting
25 resin film that is amenable to being subjected to a

.debossing procedﬁre that imparts a printed circuit pattern

thereon. ‘The " thin isotropic thermosetting zresin f£film |

avoids .. the.. . . aforementioned CTE . deficiencies--...0f.. an

'anisotropic fabric prepreg. This.can | REPLACENE%H‘SHEET

07 DEC 1998
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25. ~ . 13. The essentially nonconductive, isotropic, thin

thernosetting resin film.of ctaim4 wherein the flow control agent
conpri ses a pol yuret hane. 14. The essentially nonconductive,

i sotropic, thin _ thernosetting resin filmof claim13 wherein the flow
30 control agent conprises a polyurethanggontaining ur- i edo
bonded phenolic hydroxyl-containing term nal gr oups.

REPLACED WO 96/ 885@¥fected with minimal loss of debossment precision
PCT/ US96/ 09838 . . .69 X co L,
essential |y nontBhdGEERERaLLYSGEREFAEINY 2 prﬁﬁfﬁdtﬁéfﬁgégtgPﬁﬁdrgggﬁ film
of claim1l whereip HB®oid of fdIBNmbsmdteged ¢ foNt fdrmii@oxyesosli bakke for
use in naking a conductive p [ rinted circuit _5 hoar d.

I

ath in a
8.  The essenfPal P Qﬁﬁﬁﬁﬁkﬁ&tF58W%QQQ§FP8 Fcprocedurgni n Ther fBd8t ting
resin filmgof cl gh@rdodber£hy Fesin f£ilkheha®sehbl NBapLEi By | SRNLRRAYY
resin. 9.  The eSsentially nonconductive, isotropic, 10
thin thernosettiRgefFésionfmnpidsd M%ﬁth.Qﬁﬂﬁeﬁ?1§hé€i§tlve¥%e RYjs EEMNg
resinis fromth eQEFHPefogﬁbﬁthggtgﬁgeratureg'§§ai8k”hgeroeﬂeﬂghb%ra-
pol yester, PVMR-15 polyr m de, cyanate. ester, vinyl ester and
acetyl ene tern nateed (~23.5f@s] nhswith superigp. dUpbiestioniaf| phe pat-

nonconductive, isotropic, thin - thernosetting resin filmof claim9
wherein the ther-er?' nosetting resin is a mxture of an epoxy resin and
a _cygnhate resff. particulag]l. the dssentishl yréeDigendudi e, thin

I sotropic, thin 20 therpnosetting resi,n filmof claim9 wherein the ther-

mosetting resin FBeEMOPRLEiRG! O3] Film that- ig, amepahlechq aPpjng
nonconductive, i§@b5eetéd Wb Na debokBehgOTHIdeRAreeStiat i IdBEY sl B 4

wherein the flow control agent conprises an el astoner-type pol yner.

grooved printed circuit pattern thereon with minimal

loss of debossment precision 6f the grooved pattern,

15 which pattern and the grooving can be cured to produce

a thermoset resin film that can be employed for even-

tually generating a PB. In addition, the thin thermo-

setting resin film is amenable to being subjected to

flow into the grooves and cavities of a female tool,

20 as defined above, whereby to form a male replication

of the female tool, subjecting the resin to tempera-

tures sufficiently high enough to cure the resin and

fix a surface thereof to replicate a male image of the

female surface. In this manner, the film 6f the in-

25 vention is convertible into a male tool for making a

PB by stamping another film having the same of similar
composition.

The invention also contemplates a thin isotropic

film of a thermosetting resin that contains in situ-

36 expandable thermoplastic particles that contains an

essentially uniform-density and thickness across the

breadth of the film. In this embodiment, pressure

built up in the interior of the film during curing

causes the film to expand. The invention contemplates

- [REPLACEVENT SEET|
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25 1 ntially nonconductive, isotropic, thin
ther noset t "a @! ﬂﬁ ﬂ" ctai m4 wheréin the flow control agent
conprises a4y e . 14. The essentially nonconducti ve,

i sotropic, thin thernmosetting resin 871 mof claim13 wherein the flow
30 control agent_ _caonprises a pol yurethane containing ur- I edo
bonded phenolic hy ‘contai ni ng term nal gr oups. . WO
96/ 40509 1.  An eséentially non-conductive(Sottopis oo osetting

70 - 15. The essentially nonconductive, isotropic, thin

t her nosetting r xSt ifidbfthdtai m 1 wherein the resin . contains in

si t u- expandabl e é)hgﬁggggaﬁy GHRAding &hd compressibh mbliiegsedtd abiyh
nonconductive, isotropic, thin5 thernmosetting resin filmof clajm1l
wherein the resin respectofthgirgsoa Jtof3it H9 |0 tifhout constrain-the.
essential Iy noncondygt kys, L3Oth@PLAgeENbE the reddierammet resin film made
by curing the essentrally noncgnductive, I sotropic, thin

t hernosetting rds)i doftfs a themmobet| diiglectric substnateiThe essential ly

nonconductive, isotropic..thin . e ' I : ing
the essentially 'S Qﬂgﬁégﬁaﬂggyvg?lkgg@rggi%PlfﬁﬁéF%h%?%%set%?%ggggsin
filmof claim2. 18istent h%d Téssessiallwl hypifiormohdatt ishepirgpt capic,

thin -thernoset .resin filmnade curj t he.. ent. i al C b
nonconductf ve, i sogf"ébFX, ACRPR St M"[]ﬁ r?g{]?c Si ﬁfﬁ%ﬁ rgd‘?l#ﬁ%ft% Sk 3.
20. The essenti al | yeBgngenGuEfivd.erits o Ggiaeptt ihe Xhape timposmsktby esin

filmmade by curing the essentially nonconductive, isotropic, thin
t her noset ti ng resi AR@Ping PrPRE§F/cl ai m 4. 21. The essentially

- nonconductive, igphhgPhew tflidk over a broad temperature range so that

it does not flow uncontrollably while undergoing

15 cure conditions, and when .placed under pressure,
only. the portions that are superimposed over a
grbove 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 imposed on the

20 film; and |

| e)gels.or néar-gels undef conditions leading to cure.

2. The essentially nonconductive, isotropic, thin

thermosetting resin film of claim 1 wherein the film
25 comprises _

(i) a thermosettihg resin that advances in molecu-
lar weight without forming a significant volatile by-
product and
~ (ii) a flow control component.

30 3. The essentially nonconductive, isotropic, thin

thermosetting resin film of claim 1 wherein the film

possesses —
- a) an uniform areal thickness ranging from about 1 to
about 250 mils (about 0.0254 mm to about 6.35 mm) as
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t her. rms*e*t—-res—:—ﬁ——ﬂ—l—m—ﬁa&de—by curing the essentially 25 nonconducti ve,

|sbtrop| ettlng resin filmof claiml and
cont ai ni Eﬂﬂl I' “I oil film adhesi vel y bonded t hereto.
22. The nduct ive, isotropic, thin t hernoset resin

filmmade by curing the essentially 30 nonconduct Ive, isotropic, thin
thernosetting resin film of claim2§nd containing a thin netal
foil film adhesi vel y bonded t hereto. 23. The essentially
nonconductive, isot@RtG1atBUNfrom thet RRIEASEL:r e85Dnf EL IMMBYE BYgEYELNT
the essentially 2 WO 96/ 40509 -~ " J

PCT/ US96/ 09838 areaj; 71 nonconducti ve,

I sotropic, thin t@fh@?ﬁehﬁhﬂgaﬁﬁséﬂd ma 1mgeh~%%%&n% éhg‘quﬁPdeﬁggéé#ﬁgng a

thin nmetal foil esively ereto

essential |y noncondubei deyiasabnofiactorhset SorthtimerPaiskt Aesin fil m made
by curing tge essentially nonconduzlt :f]. | sotropic, thin .
thernosettihg resin filmof claim f&Contalnlngathln netal foil
film adhesi vel y bonded theref oRange in | devidli@oAspentially’
nonconductive, isotropic, thin 10 t h@neoset | r esddrdg | N made by curing
the essentially nonconduct i Vg, 1S@o" 8PT C ThhNERerposetting resin

filmof claim2l1 V\hereinthethinurcisiitd-o . :?; 1s per.

26. The essentially nonconducti ve, q—fn* —opi-——t-H ﬂ‘l’ her noset resin

filmmade by curing the essentiallly chnd#c?P¥e. | sotropic, thin

t her nosetting resﬁr)nlow flowiam efbgpaﬁntsmpmetmem xangemin netal foil is

cop- per. S I a nQnc C e, 0 _thin

50 thermoeet sther APELasEatEoaaRl, Sy "BICHRA TS 4 OLLARLES
tures from about 20°C. to about 250°C., in less than

about 7 days and more than 1 second;

10 e) a low dielectric constant in the fhermoset state.

4. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 2 wherein flow con-
trol component comprises one or more of
i) one or more electronic grade fillers;

15 . ii)a thermoplastic resin" that is soluble or partially

soluble in the thermoseﬁting resin;

iii) a polymer that provides discrete
elastomer phases (second phases) in the thermoset-
"ting resin matrix:_and

20 iv)a thixotrope.

5. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 1 wherein the film
when cured is metal plétable and adheres to a conduc-
tive metal film.

25 6. The essentially nonconductive, isotropic,
thin thermosetting resin film of claiﬁi 1 wherein the
film adhesively bonds. to metal foil and can be used to
make a stamping surface or create a conductive pathway

on a stamped and cured resin film.
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noncondu ﬂ I sotropic, thin thernosetting resin filmof claim23

wherein H\mm, u" I 8 cop- per. 28. The essentially
noncondu thin 25 t hernoset resin filmmnade by curing
the essentia Iy $ ndnconductive, isotropic, thin thernosetting resin
filmof claim24 wherein the thin netal foil is cop- per.
69
7. The essentially noncenductive, isotropic,

thin thermosetting resin film of claim 1 wherein the

film is shaped to contain grooves suitable for use in

making a conductive pathway in a printed circuit
5 board.

8. The essentially nonconductive, isotropic,
thin thermosetting resin film of claim 1 wherein the
thermosetting resin is an epoxy resin.

9. The essentially nonconductive, isotropic,

10 thin thermosetting resin film of claim 1 wherein the
thermosetting resin is from the group consisting of
bismaleimide, phenolic, pblyester, PMR-15 polyimide,
cyanate ester, vinyl ester and acetylene terminated
resins.

15 10. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 9 wherein the ther-
mosetting resin is a mixture of an epoxy resin and a
cyanate resin. .

11. The essentially nonconductive, isotropic, thin

20 thermosetting resin film of claim 9 wherein the ther-
mosetting resin is a vinyl ester resin.

12. The essentially nonconductive, isotropic, thin
thermosetting ;esin film of claim 4 wherein the flow
" control agent comprises a polymer.

25 13. The essentially nonconductive, isotropic, thin
.thermosetting resin film of claim 4 wheréin the flow
control agent comprises a polyurethane.

14. The essentially nonconductive, isotropic, thin
thermosetting resin film of claim 13 wherein the flow

30 - codtrol agent comprises a polyurethane containing ur-
iedo bonded phenolic . hydroxyl contaxnlng terminal

groups.
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