LAM NATE COVPOSI TI ON FOR PRODUCI NG REDUCED CURL FLAT THIN CORE LAM NATE 5
BACKGROUND OF THIS INVENTION (1) Field of this invention The invention
concerns lamnates for use in the printed wiring board industry. In
particular, the invention concerns |am nates exhibiting reduced curl. (2)
Description of the Rel ated Ar‘tT 10 The el ect roni cs ndus ntinues to seek
enhanced prod i COMRQSITION FOR PRODULING RE Hﬁﬁéﬁd‘ or hi gher
functionality and | ower cost C’JSHZBYIF éir@ct ronr CS equi pnent.
Consequent |y, as board shops continue to reduce laninate construction
thi ckness _to meet the demand for hr her densrt I nt erconnects, physical
aspects of the |am nate, BAGKGROUNBQE] NEON e nore apparent and
probl ematic. 15 There exi sts a need therefore for | am nate systens that
can be consi DentFigldof thisiazendiont 0 provi de favorabl e characteristics, such as
| ow curl. SUMMARY OF THE | NVENTI ON The i nvention provides | am nates and
met hods for prepaFlierigventon ¢oacesss, laminateshfor vsetin Bietprintod siiringchortdyindusty.cur | , as
nmeasured on a flat plane. 20 Thus, in one aspect, the invention provides a
copper - cl ad |mpirtiata, theingerntion pepceras lpmiptee exhihitihgaedioghaunl. f oi | j oi ned to at
| east one surface of the prepreg, wherein the copper foil has a tensile
strength of (®ss Déseriptioh dfshe R&iRedArOESCRI PTI ON OF THE DRAWNGS Fig. 1
depicts average curl of a lamnate as a function of several factors, 25
i ncl udi ngocopper tTdBzlebiPonids imtagishcontin®s tseele pribaiiced prodhctipatfgande ia | am nat e
as a function of several factors,

order to meet consumer demand for higher functionality and lower cost computers and

electronics equipment. Consequently, as board shops continue to reduce laminate
construction thickness to meet the demand for higher density interconnects, physical
aspects of the laminate, such as laminate curl, become more apparent and problematic.

15  There exists a need, therefore, for laminate systems that can be consistently processed
to provide favorable characteristics, such as low curl.

SUMMARY OF THE INVENTION
The invention provides laminates and methods for preparing laminates, which
exhibit consistently low curl, as measured on a flat plane.

20 Thus, in one aspect, the invention provides a copper-clad laminate comprising
a prepreg and a copper foil joined to at least one surface of the prepreg, wherein the
copper foil has a tensile strength of less than 47 ksi.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 depicts average curl of a laminate as a function of several factors,

25  including copper tensile strength.

Fig. 2 depicts curl range in a laminate as a function of several factors,

including copper tensile strength.



i ncludi ng copper tensile strength. Fig. 3 depicts average curl of a lamnate
as a function of several factors, including copper tensile strength. Fig. 4
depicts curl range in a lamnate as a function of several factors,

i ncludi ng copper tensile strength 5 DESCRI PTI ON OF THE CURRENT EMBODI MENT

As not ed above, the tlon | es, copper - cl.ad Ia nat e rising a
prepreg and a copl'J‘I d?%ﬁ‘?s R q lafné%g a5, dUIEHHPT 8 éev(g’f“?tf%g’n%repreg. The
tensile stre h of t op IS Iess than that comonly used in the art

f or preparlnﬁ' f SPR %@ t%ﬂg'BTisingly, the | am nates of the invention
exhi bit reduced I e curl ~as peasured on a_flat plane. Preferably the
copper foil used |$1 ?%ﬁp‘f’ﬁ\i’é‘ﬂt’iaﬁg‘? Wa%ﬁa&n’f‘*gﬁs"?laeﬁg‘{”i“@né PEVERRl 510, { han 47
ksi (kilopounds _per square inch nore preferably less than 46 ksi, and even
nor e preferaBPW'mﬂ@%@“ﬂﬁ?ﬂeﬁgm . In particularly preferred enmbodi nments,
the tensile 15 strength is 44 k5|, or is less than 44 ksi. The | ower bound
of the tefsile strength is preferably approximtely 42 ksi. The copper foi
can be any thickness connDnIy used in the |am nate and prepreg industry.
Preferably, the foil is DESCRIBNIONOF FHE CURRENT EMBODIMENEnsi | e strength
as i ndicated above. Reducing | am nate curl by reduci ng copper tensile
strength is partifsubeed gboveOthe frfvention \peoviides copper-cled danfisatésrrampssing-ar i nst ance,
it was found that 4 ml thin core |am nates made with 44 ksi tensile
strengt h coppepreg end a esppebidil jaimedtocat dgpst anarshrfacalofi¢he mréprége sThet thmsile 0. 25 i nches
as neasured on a flat plane. Generally, thin core lamnates are |am nates
havi ng a t ot sttenptanofnthe eopper Ak teds thanfthfd caminonlyr used 98 .thePare ffer pdepayingt he t hi n

10 laminates. Surprisirigly, the laminates of the invention exhibit reduced laminate curl
as measured on a flat plane.

Preferably the copper foil used in the invention has a tensile strength of less
than 47 ksi (kilopounds per square inch), more preferably less than 46 ksi, and even
more preferably, less than 45 ksi. In particularly preferred embodiments, the tensile

15  strength is 44 ksi, or is less than 44 ksi. The lower bound of the tensile strength is
preferably approximately 42 ksi. The copper foil can be any thickness commonly
used in the laminate and prepreg industry. Preferably, the foil is 1 oz foil or 0.5 oz
foil, having tensile strength as indicated above.

Reducing laminate curl by reducing copper tensile strength is particularly

20 effective in thin core laminates. For instance, it was found that 4 mil thin core
laminates made with 44 ksi tensile strength copper foil exhibit an average curl value
of less than 0.25 inches as measured on a flat plane. Generally, thin core laminates
are laminates having a total laminate thickness of 8 mil or less. Preferably, the thin
core laminate is single ply, i.e., comprises one prepreg with copper foil laminated on

25  eachside.



core lamnate is single ply, i.e., conprises one prepreg wth copper foi

| ami nated on 25 each side. 2 The prepreg to which the low tensile strength
copper foil is joined generally conprises a core material that is
inpregnated with a thernosetting resin. Any core material known in the

I ndustry can be used in the |am nat the inventjon, s of useful
core materials i n@emregbtﬂt“’hé?heﬂ‘ﬁgiw TePWFtSH?}‘gflbmpg?ran’é is jginefl lg%“ra(ﬁﬁ nwoven

gl ass cloth, woven glass cloth and paper. referred core materials is
woven gl ass &?‘@{rﬁesﬁ%@‘f‘ﬁ%‘?ﬁlrﬁ’éb‘ﬂmWF@%WP CHRATEIHBE 1550t r ansferred to the
core material as a resin conposition, and as_such contains solvents and
optional additi veAny cprempieEsl pewn in the dpss; Gan be up pedein dsismanetes shthean be any
type used in the |am nate/ prepreg industry. Useful 10 resins include, but
are not |ini invention, Exemplesrptiusefudspiegnatesiglsyindindsebetome aptiimitedrtesgléss syst ens,
and epoxy resins, including novolac resins. Preferred resins include FR4
type resifs, ﬁhhjluwoa@@pebosh, wevdnrgiass ¢leth and papere 1A praferredepromatpiialpisenol A, and
i nclude resins made by an advanci ng reaction of an excess of bisphenol A

di gl ydi cyl etwoeen glas ¢lbtht et r abr onobi sphenol A. One particularly preferred
resin is FR406, which is 15 available fromlsola Lam nate Systens, Chandler,
Arizona, U. S. A Fite thdrnbsettimgaesil Rgeweedlly Srangiereeti @o the doreasdteral esxaekint hi gh
nodul us, such as FR406. The resin is present in the resin conmposition in an
amount from asfpdsitioh) akd kosuadh cetitaiboKentpardfioptiedal ydditfveq nTielthétinoeflingo about 80
% nore preferably about 60 %to about 70 % based on 100 % by wei ght

solids of thesm@MBRSbinhbesRtion2eh ety typs uded PP RedidateAteain@iiry. 00Ky | ncl ude
one or nore fillers, to inprove the chem cal and electrical properties of

the curedor esdshs umeptlﬁsaré)ﬁoﬂﬁrﬁﬁﬁrtb,' SolyilnlBtresins, polyimide-containing resin

systems, and epoxy resins, including novolac resins. Preferred resins include FR4
type resins, which are epoxy resins that are derivatives of bisphenol A, and include
resing made by an advancing reaction of an excess of bisphenol A diglydicyl ether
with tetrabromobisphenol A. One particularly preferred resin is FR406, which is

15 available from Isola Laminate Systems, Chandler, Arizona, U.S.A. For thin core
laminates, preferred resins exhibit high modulus, such as FR406. The resin is present
in the resin composition in an amount from about 30 % to about 90 %, preferably
from about 50 to about 80 %, more preferably about 60 % to about 70 %, based on
100 % by weight solids of the composition.

20 The resin composition can optionally include one or more fillers, to improve
the chemical and electrical properties of the cured resin. Examples of properties that
can be modified with fillers include, but are not limited to, coefficient of thermal
expansion, lowering CTE, increasing modulus, and reducing prepreg tack. Non-
limiting examples of useful fillers include particulate forms of Teflon®, talc, quartz,

25 ceramics, particulate metal oxides such as silica, titanium dioxide, alumina, ceria,
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can be nodified with fillers include, but are not limted to, coefficient of
thermal expansion, |owering CTE, increasing nodulus, and reducing prepreg
tack. Non- limting exanples of useful fillers include particulate forns of
Teflon(r), talc, quartz, 25 ceramcs, particulate netal oxides such as
silica, ti tanf'

um di oxi.de, alum na, ceri cl ay, ron:pitride,

wol | ast oni t e “*%n™ M ﬂ%@eé”ohlﬁsg%n%’f andﬁ?‘é’%'gﬁ é’ﬁwf’ﬁl Ipé?t}gnﬁ%ngﬁﬂﬁémﬂgigl ci ned cl ay
or fused silica. Yet another p erred fill is silane tr.eat silica. Wen
dsed: T T er e ooR B ieel ! Ehibpr et gt Bolion Bunb A5 Tt 1 o
amount from _aho 0 %to abou 0 % preferably fromabout O ;o about 10 %
based on 500 HHpGlers aERR B fermpeBhErEh fmbrtfegn SRR ot t 1 ng
resin composition y.include one or nore tougheners. The tougheners are
Lded Lot hoebast 8 BAkED I RITEPY Fpmave R SeReT 10 Shobterd gn WO B esul &1 ng
conposites and | am nates. Useful tougheners include nethyl
net hacr yl at ePsightelidspfthercomppsitioiopol yner, met hacryl ate but adi ene styrene
core shell 10 particles, and m xtures thereof. A preferred toughener is
met hacryl at e but atheethermosgtijngereain compositipn| maypimelude pessor wirectughsnessai | abl e
from Rohm & Haas (100 I ndependence WMall West, Phil adel phia, PA), sold under
t he trade narfbe Ragheners dteraddedche tesiacompesitiogtie rraproveathe dptlehiligniof tha t he
t hernosetting resin conposition in an anount from about 1 %to about 5 %
pref erably f resnitingocempsites zindutlandingtgs. bas@stfubn tau@benesbyinclide weethfit sol i ds of
the conposition. One or nore curing agents are optionally added to the
t her noset t i nepethasylate/botadiengstyrerencopolymer erethb@yleta fbatadiend stgreneatore sHellr esi n cure
during prepreg processing. The curing agents chosen nmay be any agents that
are know1po pmeeles, upd mlietureattierdat. AhpefRReE tdughtger @ Shethactilate bikidiéner r ed curi ng
agents include peroxide agents that

styrene core shell particles, which is available from Rohm & Haas (100 Independence

Mall West, Philadelphia, PA), sold under the trade name Paraloid®. When used,

tougheners are present in the thermosetting resin composition in an amount from

about 1 % to about 5 %, preferably from about 2 to about 4 %, based on 100 % by
15  weight solids of the composition.

One or more curing agents are optionally added to the thermosetting resin
composition in order to enhance the rate of resin cure during prepreg processing. The
curing agents chosen may be any agents that are know to speed up the rate of
thermosetting resin cure. Preferred curing agents include peroxide agents that

20 generate free radicals such as dicumyl peroxide, or tert-butyl peroxybenzoate
(commercially available from, for example, Akzo-Nobel Polymer Chemicals LLC,
Chicago, IL as Triganox-C). Other preferred curing agents include metal
acetylacetonate complexes (metal acac). A more preferred curing agent is dicumyl
peroxide. 'When used, curing agents are present in the thermosetting resin

25 composition preferably in an amount of from about 0 % to about 30 %, more
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20 generate free radicals such as dicunyl peroxide, or tert-butyl
peroxybenzoate (commercially available from for exanple, Akzo- Nobel

Pol ymer Chemicals LLC, Chicago, IL as Triganox-C). Qther preferred curing
agents include netal acetylacetonate conpl exes (nmetal acac). A nore

preferred curing agent js dicunyl peroxide. Wep used, curing agents are
present in t Iﬂfff‘ifﬂ’é’?ﬁb‘gé{"{"it e % Babept 28 /&éﬁﬁgﬂltlp%% tﬁ'r‘ﬁ‘f‘%brtéﬁW°ﬁ¢F n anount of
fromabout 0 %to about 30 % nore 4 preferably fromabout 12 %to about 25
% based on HSFORPEIHRei ght resin solids of the conposition. The
thernosetting resin conposition may include one or nore flane _retardants.
Any flame retardahie thegmoseling st ¢omnpewtions ayay| inclyde camenoe dgEvfiaMeons used 5
to manufacture conposites and | am nates may be used. Exanples of useable

fl ame ret ar dagterdants, Anydflameseardant ghah istknpwdorhesefisl in prsin @epositiong used; dy |
etherified bifunctional alcohols, halides of novolac resins such as

bi sphenol 5A, thimemHeshu¢ cmpositis\rud iamipdtesiady beausedo hExarhplescofasenble, flagieky| phenol
catecohl, and novol ac resins such as bisphenol F, inorganic flane
retardants sucirdass meludeybnt/are moblimide] toy balideshefsgiyridyl sthedfiedcnfanctiondl0

hydr oxi de, barium netaborate, al um num hydroxi de, and rmagnesi um hydr oxi de,
and phosphonlcbhdsyhalides off mdaolasresinctuch as higihemb Ag bighhepdlds pbliyvigylphenol
tricresyl -di phenyl phosphate, triethyl phosphate, cresyl di phenyl phosphat e,
xyl enyl - di phenyheroh) @idobul] flkylplaslg ca6wdRlp ARt Rovdkik atsins B 2P BizpiencloRpouNnds
contai ning nitrogen, and phosphate esters containing halides. 15 One or

nor e sol vent Snogaict fghe adtdrdantsN§ieh RO aatiM6ny HoRide,NRd 'EesphofeMERBAILMON 1N
order to provide resin solubility, control resin viscosity, and in order to

mai nt ai n jighe hydrBite) bheth Biéta8HafS, AlimAuSUSRRRAS dnd nBBRsRkORdrda, 4 facilitate
transfer of the resin to the

phosphor flame retardants such as tetraphenyl phosphine, tricresyl-diphenyl

phosphate, triethylphosphate, cresyldiphenylphosphate, xylenyl-diphenyl phosphate,

acid phosphate esters, phosphate compounds containing nitrogen, and phosphate

esters containing halides.

15 One or more solvents are typically incorporated into the resin composition in
order to provide resin solubility, control resin viscosity, and in order to maintain the
resin ingredients in a suspended dispersion, and to facilitate transfer of the resin to the
core material. Any solvent known by one of skill in the art to be useful'in conjunction
with thermosetting resin systems can be used. Particularly useful solvents include

20  methylamylketone (MAK), methylethylketone (MEK), toluene, gamma-butyrolactone
(BLO), propylene glycol methyl ethyl ether acetate (PMA), or mixtures thereof. The
choice of solvent is often dictated by the resin curing method. When the resin is cured
with hot air, then ketones are typically the preferred solvent. When the resins are IR

cured, then a mixture of ketones and toluene is typically preferred. ~When used,

25 solvents are present in the thermosetting resin composition in an amount of from .
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core material. Any solvent known by one of skill in the art to be useful in
conjunction wth thernosetting resin systens can be used. Particularly
useful solvents include 20 net hyl anyl ket one (MAK), nethyl et hyl ket one ( MEK)

t ol uene, gamma-butyrol actone (BLO), propylene glycol nethyl ethyl ether
acetate (PMA), or . m Xxtures reof. Th choice qof solvent, js often dictated
by the resin2RQy izﬂgm°nf€t fhont 5 %ér?st%é"e‘rggtsp?f"‘?n?g&ﬂ?etae totpl: We‘ﬁtﬁtt °§P’F, t hen
ketones are typically the preferred solvent. Wien the resins are IR cured,
then a mi xt uFERMIIRRt ones and toluene is typically preferred. Wien used, 25
solvents are present in the thernosetting resin conposition. in an anount of
from 5 about 20 Bherthermpisttingsesingompositigpemay,further confain pther additiveg sycht al wei ght
of the conposition. The thernosetting resin conposition may further contain
ot her addi t i gedefepming aggnts,desehinggaspis.alyess and pigraspts iBegexagwin: 3 flugrpssent and

pi gnents. For exanple, a fluorescent 5 dye can be added to the resin
conposi ti én idye eent heagddeditrpthatresin corapesiion it & riapmemoyt dp geusel at lyaimeter om t o

fl uoresce when exposed to W/ light in a board shop's optical inspection
equi pnent .  Aprepaedithefefromrte Slveresce dyten iexposedio dHV Vightamjalbgardestioni epticaldye.  One
exanpl e of such a dye is UVITEX(r) OB

(2, 5-t hi opheiimpeéctiboe@ifmdner t A busefyll fiubré3senb dyezie xadnghly ponjegated| didnk elyé.r om Ci ba
Specialty Chem cals, Tarrytown, New York. 10 Prepregs are generally

manuf act ur ed Ous ieRanpde 6sueh Balye isi GVITEX@RNOBS2 S-tiiopHenealiylbis@dvatbgylass web whi ch
is unwound into a series of drive rolls. The web then passes into a coating

area wher e t Benzégolels avistsie foh Ui Rpacidtyl Ghidthicald] Tdirytodim] HéwiYoik. t hernosetting

resin conposition, including solvents and other conponents as discussed
above. The gl ass Mepegiesd gRRralf totbindfaGifreubifg b RBre Matbrial isiicH 446 folladsl Ny ar ea.

15 The resin saturated glass web is then passed through a pair of netering
rolI's which yoven glass web which is unwound into a series of drive rolls. The web then passes
into a coating area where the web is passed through a tank which contains a
thermosetting resin composition, including solvents and other components as
discussed above. The glass web becomes saturated with the resin in the coating area.
15  The resin saturated glass web is then passed through a pair of metering rolls which
remove excess resin from the resin saturated glass web and thereafter, the resin coated
web travels the length of a drying tower for a selected period of time until the solvent
is evaporated from the web. A second and subsequent coating of resin can be applied
to the web by repeating these steps until the preparation of the prepreg is complete
20  whereupon the prepreg is wound onto roll.
Lamination process typically entail a stack-up of one or more prepreg layers
between one or two sheets of conductive foil (such as copper foil). Lamination
methods and parameters may vary widely, and are generally well known to the person

of ordinary skill in the art. In a typical cure cycle, the stack is maintained at a

25 pressure of about 40 psi to about 900 psi and under a vacuum of about 30 in/Hg. The
6



remove excess resin fromthe resin saturated gl ass web and thereafter, the
resin coated web travels the length of a drying tower for a sel ected period
of time until the solvent 1is evaporated fromthe web. A second and
subsequent coating of resin can be applied to the web by repeating these
steps until the preparation of the prepreg is conplete 20 whereupon the
prepreg is wound onto roll. m nat i Jrocess ically.entail stack-up
of one or mﬁﬁ”ﬁ}“@?}?@@‘ﬁ léﬁﬁeé%oﬂé’&%ggo gﬁ‘é&é’}‘t 3t7§/¥}70 %Wé%?éogfo}glf?ﬂﬁﬁ)cti ve foil
(such as copper foil). Lam nation mnethods and paraneters may vary w dely,
and are gener@ipygs. wahe stpekoigmaing at ﬁéﬁnﬂ’§¥3§%°f&°ug?"éﬁ°ﬁ§?ry75sﬁ’i"? esigffet he art. In
a typical cure cycle, the stack is maintained at a 25 pressure of about 40
psi to about vgodh thestackrisicagteddomea temperatmeof 3E8H (it a B@PemAiIggo 7T Weovera st ack
tenperature is raised fromabout 180F to about 375F over a period of about
20 m nutes. 20aimgt periodr enai ns at a tenperature of about 375F for 75 m nutes
after which the stack is cooled froma tenperature of 375F to a tenperature
to 75F oveyxr a 20mmanothe pmcessdfor Smimfaatudihd) daminkios es sthémosettnpl fresd ur i ng

| am nates, a thernposetting resin conposition is prem xed in a m xing vessel

under anbi entcompogitiondb premixAdn P rtifg!Vedsel uldee an(bisnt Achhpeyat@t ahdygregdtire- m x i s
about 600 - 1000 cps and can be adjusted by adding or renoving solvent from

the resin. FalNeiviscssith st thab-rhik Yiboat doy —1000 dpRbnd dafiibb e@udtad Uy QHiags) | S
pull ed through a dip tank including the prem xed resin, through an oven

tover 10 whergmensEiveorSite rdsih. Fabricaibsahie (GpeallyMat #t BRI ESgl4Q) | ed or
sheeted to size, layed up between Cu foil in various constructions

deper 18, o PSSR SERYE Sy i et G920k b WEARERE SBIMPTEILS, 0
10  where excess solvent is driven off and the prepreg is rolled or sheeted to size, layed up
between Cu foil in various constructions depending on glass weave style, resin content
& thickness requirements.
A thermosetting resin composition can also be coated directly on Cu substrate
(RCC — resin coated Cu) using slot-die or other related coating techniques.
15 The following examples are illustrative of various aspects of the invention but
do not serve to limit its scope.
EXAMPLES
A series of experiments were conducted to quantitatively determine the
influence of various materials and process factors on the laminate curl. Thus single
20 ply thin core laminates were prepared and the amount of curling measured. It was
found that although there are multiple contributing factors to the curl phenomena, the
tensile strength of the copper foil has the largest influence. Lower tensile strength
copper foil was found to significantly reduce curl by approximately 50% in thin core

constructions of 4 mil or less. This change can be transparently introduced to current

25 manufacturing systems in harmony with other less significant process factors.
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(RCC - resin coated Cu) using slot-die or other related coating techni ques.
15 The follow ng exanples are illustrative of various aspects of the
invention but do not serve to limt its scope. EXAMPLES A series of
experinments were conducted to quantitatively determ ne the influence of
vari ous mat e(g_i ala r1’:]1nd process factors on the lam nate curl. Thus single 20
ply thin cor ates were prepared and the anount of curling neasured. It
was found that though therg are nultj pIe contrjbuting factors to the curl
phenomena, the ‘ér?sﬁ ng’ﬂneﬁﬁli ﬂneoPesfeﬁ Al Press) e, Dy fandogtized o ¢

i nfluence. Lomer ten5|le S copper f0|I was found to S|gn|f|cantly
reduce curl ERPUSASORoREHE% fhﬂt’Fﬁ kvelppd twodadders Baying e Weﬂ ml or

| ess. This cha e can be transparently i ntroduced to current

manuf act ur i néighiesn laminates perhogk Hyrewsshin Gagheress. o Salysis) Wag P%faﬁ?edpwses s
factors. 7 Exanple 1 A 2° experinment with one nested factor (the press) was
run in raﬁdoM@@m A7 Gerargl dineayModel (GEM) at the 09 5Hexel- ndhe ppeememdalel s and two
factors having two | evels. Eighteen | am nates per book were used in each
press. Anal y$ictorsahedigsevefensfaldwasi ng 5 M nitabTM 13. 32 General Linear Mdel
(&M at the 0.05 level. The experinmental factors studies were as foll ows:
Experi nent al Ex e alfEacto Levels Press (heat rise) One (heat rise 4.42
F/mn), Two Factor F/ mi nute) 10 Papkevepl ys 6, 12 B-stage construction 1 X
70% 2x 66% lx Ra&%(wertis?0% usi ng 100ne (heat rise 4.42 F%/min), Two (3.5 F*/minute)

10 o Paperplys 6,12
o B-stage construction 1 x 70%, 2x 66%,1x 63% and 70% using 106
fabric
with FR 406 resin.

o CuTenStg, Ksi, 1.0 0z @20°C 44 (21.4%), 47 (20.4%), 52 (17.2%)*

15  *corresponding elongation values @ 20°C are in ()

Measured Responses

Average curl for each of the four corners measured
Range of the four curl measurements.

Tg’s were measured to insure that all samples were cured.
Interfilament Yarn Voids (IY'V’s).

Panel thickness

20

Materials and Processing.

Core Configurations. Three different core configurations were studied, all using
25  Hexcel 106 CS4552 fabric and FR 406 resin:
1 x resin content of 70% (.002" core), [the thickness of the fabric and cured
resin]
2 x resin content 66% (.0035" core) and
1 each resin content 63% and 70% (.0035").

30



fabric wth FR 406 resin. Cu Ten Stg, Ksi, 1.0 oz @20C 44 (21.4%, 47
(20.4%, 52 (17.2% * 15 *correspondi ng el ongation values @20C are in ( )
Measur ed Responses Average curl for each of the four corners neasured
Range of the four curl neasurenments. Tg's were neasured to insure that all

Sapl e e © CHLET 0 odfle cdglbftoh W B0 LB ft 030/ dr Y] Hlana sPREL 1 ckness

Material s an cessli ng. ree erent core
confi gurati ops wer Hai US| d ic and FR
306 1 osi n: 1 HE Sl e rpASHA9 GROUTSER) oo Wippler Wionkildh F TG
fabric and cured.. resi. X L n.content 66% (.0035" core) and 1 each
resin conten?m%g;%cgﬁgmgk&f?o%ggﬁ%mﬁ 30 8 Coroner. 1.0 ounce copper foil at
tensile strength (ksi at 20 C) of 44,47 and 51 was studied. The foil,
desi gnat ed THE-NT- TVWR _C er.foil b he .s lier, w btai ned from
Circuit F3il %ﬁp@ﬁ%"%?ﬁp&m t&&%?%ﬁ&?%?f?ncfsl’ﬁ]zﬁ?g\ep?ﬁ?ﬂﬁers repr esent
traceability referencess V\iithi n the BI ant ] Sanple Press

ample IESS

A 1
B 2

10
RESULTS
Since the press was a nesting factor, the only analysis that could be done
directly between the two presses was an Analysis of Variance (ANOVA) showing the
relative curl contribution as a result of the process. In this case, heat rise is the

15  parameter.

All measurements in inches P1' (heat rise 4.42 F*/min) P22 3.5
F°/minute)
Avg stdev n Avg stdev n
Curl average 0.262 0.109 288 0.197 0.079 216
20  Curl Range 0.298 0.152 288 0.242 0.178 216

P1ispress 1; P2 is press 2.

Press 2 utilizing the slower heat rate, exhibited less overall curl for all
conditions. The data spread is large due to the extreme levels used for the other three
factors. Each press was then analyzed for main effects and interactions shown in the

25  Figures below.

Effect of the experimental factors for press 1 and press 2 on laminate curl
(average and range) are shown in Figs. 1-4. In particular, Figs. 1 and 2 show average
and range of laminate curl in press 1, respectively. Figs. 3 and 4 show average and
range of laminate curl in press 2, respectively. In the figures, paper refers to the

30 number of paper plys; bstage refers to the core configurations; Cu refers to copper

9



A1l B2 10 RESULTS Since the press was a nesting factor, the only

anal ysis that could be done directly between the two presses was an

Anal ysis of Variance (ANOVA) showing the relative curl contribution as a
result of the process. In this case, heat rise is the 15 paraneter. Al

measur enment s, 0. ' ' L) - ( L nute) Ave
stdev n Ave ge?glgvs%%} }é@g?%glg%h%q Z%jﬁ %a%g}ezr%]éf ]%.%169%003'. 81:7{5‘4%% 20 Curl
Range 0. 298 159 . . 6. P..1 i e P2 is press 2. Press
2 utilizing RS i il ot o Doalidofdingiriael Rac b PRty | °) PLO°°
conditions. The data spread is |large due to the extrenme |evels used for the
ot her three Cf ac!tors. Each press was then analyzed for nmain effects and

i nteractions the 25 Figures below Effect of the experinental
factors for pressFllan.d resa 2.aon |lamnate curl g]average and range) are
shown in Figs. 1-%F" lapmass proguged m @ﬁbgr.essfs’ & o¥eraly, DEOCERFYATEHOD, 8 1 ange of
| am nate curl _in press 1, respectively, Figs. 3 and_4 show average and
range of | anfihied by ei‘”ﬁ‘abﬁ’@égfcgﬁe quglSfoe dapfinatas and | ipdiyidual iRaggly $8OW paper
refers to the 30 nunber of paper plys; bstage refers to the core

confi gurati Oﬁgr,nﬁ@at ¢opfribption 1g c%pg@p dgmons!rated by the large variation in curl on

the main factor plots. The models accounted for 67 percent of the total variation for

Press 1 (faster heat rise) and 69 percent of the total Press 2 variation (slower heat rise).

10
The factors that are controllable are the number of paper plys used in each
book, the copper tensile strength and the B-stage construction. All three are significant
contributors to curl for Press 1 while only B-stage and Copper tensile were significant
for Press 2. The data indicates that lower copper tensile strength contributes to less
15 curl

Curl Range

For laminates produced in both presses, the overall process variation as

exhibited by the variability.of the curl for laminates and individual panels were

20  significant contributors. This is demonstrated by the large variation in curl on the

main factor plots (Figs. 1-4). The models accounted for 81 percent of the total

variation for Press 1 (faster heat rise) and 77 percent of the total Press 2 variation
(slower heat rise).

The factors that are controllable are the number of paper plys used in each

25  book, the copper tensile strength and the B-stage construction. Of these three, for

10



tensile strength, lamrefers to location of the am nate within the book, or
stack of I|amnates; panel refers to | ocation of the individual panel on a

| am nate). Curl Average 5 For |am nates produced in both presses, the
overall process variation, as exhibited by the variability of the curl for

| am nat es ang_i ndi vi dual el sho signi.fi cant ng i byt i to curl.
This is dem)ﬁrsef tpgﬁerl?)i}' ‘fv%gtrﬂ? 3@650{1)?%%}? F%’P%ﬁﬂ??&&ﬂ ecfgeﬁt' Ii:f”h © O)PH‘ef act or

pl ots. The nodel s, accounted for 67 percent aof .fthe tqtal variation for Press
| (faster he&PPF ?Bx)ﬂea%an@%gﬂgséﬂtﬁgwnt‘ﬁaé g ‘fan'iDrg °ih?/§?ﬁ?yzﬂsi18n (sl ower
heat rise). _10 The fact,or% t.Eat,are .control] able are th? nu r of paper
plys used in caly swning hat 1f an, figraction, is; sEmACARt it GOPPOAGH! IR BICH age
construction. Al three are signjficant contributors to cur| for Press |
whil e only Beekgseufierntdppasa indiratps batipwyes conpghiensie strpnethcgptripytesta 2 The
data indicates that | ower copper tensile strength contributes to less 15

curl. Curb R}:ﬂsﬁg‘é‘ﬂFor | am nat es produced in both presses, the overall process
variation as exhibited by the variability of the curl for |amnates and

i ndi vi dual panel slmmarz@@egmmd@atqtﬂ%eﬁwglb@mm&mmﬁpbcp@numnstrat ed by
the large variation in curl on the main factor plots (Figs. 1-4). The nodels
account ed f ofacBis todhe et phehoméne, the teabile siangtiaof the chpper Ruikhss the lafgedtt er heat
rise) and 77 percent of the total Press 2 variation (slower heat rise). The
factors that irdluence.ohdwepltdnaid strepgtie cdpper foill whefounf topipificanlyysiuosadl inn each 25
book, the copper tensile strength and the B-stage construction. O these
three, for #fincore laminate constructions.

10 While the present invention has been described by means of specific
embodiments, it will be understood that modifications may be made without departing
from the spirit of the invention. The scope of the invention is not to be considered as
limited by the description of the invention set forth in the specification and examples,

but rather as defined by the following claims.

11



Press 1, paper ply was the only controllable significant main effect. For
Press 2 the copper tensile strength-B-stage interaction was significant.
Since the analysis is hierarchical, nmeaning that if an interaction is
significant, its conponent main effects are also significant. The data
i ndi cat es thgg(%pmgr copper tensile strength contributes to 5 less curl. In
summary, the fé¢iMt s indicate that al though there are multiple contributing
factors to the curl phenonena, the tensile strength of the copper foil has
the largest ,inflye : ile.str r fotl. . found to

1 pa) &8@%;c}aﬂﬁ%ﬁmgtﬁ I@?\l’ﬂ nﬁsmé 3 grnﬁﬁ%gfrgdoe{g gc%g?r 1 t]oﬁﬁ\glsto a

significantly reduce ofe] ructions. 10 While the

present inveptiaon h been descri bed. neans. .0f speci.fic diments, it
BT Che undelPey O e ot AP o gD W PPRE Tol e iESIe oPra B T g 1 om

the spirit o&.t Lnvention. The scope of the invention is not to be

consi dered aS® i1t ed by the description of the invention set forth in the
specification and exanples, but rather as defined by the follow ng clains.
11 W clagm,1. opper - Jam nat e conpri.si.ng a prepr.e nd..a copper

foil joingd %o aﬁhﬁfbﬁé c%%@ﬁgur oggﬁg?qtﬂ%“%?é%g%ﬁ?gﬁﬁgﬁggﬁagﬁgecopper f ol
has a tensile strepgth of lLess than 47 ksi. 5 2. The copper-clad | am nate
of claim1 mﬁgwgﬁﬂpgﬁgmﬁéﬁﬁgr foil has a tensile strength of less than 45
ksi. 3. The copper-clad |am nate of claim2 wherein the copper foil has a
tensile strength,of 42 ksi .or. qreater. .4.. The copper-clad | am nate of claim
1 wherein the co 8r°°?3§f'fﬂsafll garﬁ‘.n%eé’ cg?‘mf g the "k Per foit Yas o tehsile

strength of 42 ksi or greater.

4, The copper-clad laminate of claim 1 wherein the copper foil is 0.5 oz or 1 oz

10 copper foil.

5. The laminate of claim 1 wherein the prepreg comprises a thermosetting resin
and a core material.
6. The laminate of claim 5 wherein the thermosetting resin is a high modulus
resin.

15 7. The laminate of claim 5 wherein the thermosetting resin is a FR4 resin.
8. The copper-clad laminate of claim 5 wherein the core material is selected from

the group consisting of glass fiber, unwoven glass cloth, and paper.

9. The copper-clad laminate of claim 1 wherein the laminate is a single ply

laminate.

20 10. The copper-clad laminate of claim 9 wherein the laminate is a thin core

12



10 copper foil. 5. The lamnate of claim| wherein the prepreg conprises a
thernosetting resin and a core nmaterial. 6. The lamnate of claim5 wherein
the thernosetting resin is a high nodulus resin. 15 7. The | am nate of
claim5 wherein the thernosetting resinis a FR4 resin. 8. The copper-clad

| am nate of ¢lgim5 wherein the core material is selected from the group
consi sting oﬂmﬂPﬁ%s fi ber, unwoven glass cloth, and paper. 9. The
copper-clad lanmnate of claim| wherein the lamnate is a single ply

| am nate. 20 10. ; e co Pen-clad l.am nate of claim9 wherein the |lamnate is
athin core 12 | lﬁﬂFgﬁnmfﬁcﬁm¥W?ﬁ core | anminate conprising: a prepreg
conprising a FR106 resin and a core naterial; and a copper .foil joined to at
| east one surface of tﬁ@eHF%m@ﬁ{SI%EBéQéfe%@daSCOE?dBT}E‘?a 881 has a tensile

strength of |ess than 45 ksi,_and wherein the |am nate has_a total
t hi ckness of 4 mil or }eepper fgg joined to at least one surface of the prepreg, wherein the

5 copper foil has a tensile strength of less than 45 ksi, and wherein the laminate

has a total thickness of 4 mil or less.
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