LAM NATE COWPCSI TI ON FOR PRODUCI NG REDUCED CURL FLAT TI EN CORE

LAM NATE 5BACKGROUND OF THIS I NVENTION (1) Field of this invention
The i nvention concerns |amnates for use in the printed wring board
industry. In particular, the invention concerns |am nates exhi biting
reduced curl. (2) Description of the Related Art 10The el ectronics
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25i ncl udi ng CQRRG miLBibdnfr ddnl-GNRE ﬂgher 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,
I5  There exists & 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 congsistently 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 tepsile 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 2 function of several factors,

including copper tensile strength.



Fig. 2 depicts curl range in a lamnate as a fiinction of several

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

a lam nate as a function of several factors, including copper tensile
strength. 5 DESCRLPT. . THE EVBODI VENT . As . not ed
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square inch), nore preferably less than 46 ksi, and even nore

preferably, less than 45 ksi. In particularly preferred enbodi nents,
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| ami nates made with 44 ksi tensile strength copper foi
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pl ane. Generally, thin core |am nates are | am nates having a total
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|am nate is single ply, i.e., conprises one prepreg with copper foi
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15  sirength 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 temsile 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 lamninates having a total laminate thickness of § mil or less. Preferably, the thin

core laminate is single ply, i.e., comprises one prepreg with copper foil laminated on

25 eachside.



5 fiber, unwoven glass cloth, woven glass cloth and paper. A
preferred core materials is woven gl ass cl oth. The thernosetting
resin is generally transferred to the core material as a resin
conposition, and as such contains solvents and optional additives.
The thennosetting resin of the conposition can be any type used in

t he | am nate/ prep i ndust r ns | ude, but e not
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wol | astonite, and m xtures thereo eferre ers inc
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treated S|I|ca Wien used, fillers are present 1 n the thernosetting

resin conposi fhdisihs) h@ﬁQﬁ&&r&&@%&@gﬁQﬁn&hﬁ%%Pb i 22 Qndhelude
preferably fromabout O to about 10 % based on 10 /6by 5 wei ght

solids of theGARARIYyAMdvancing reddiBn bPE SRSELE bifjhefd? A Relf AP B | ON
may i nclude one or nore tougheners. The tougheners are addéd to the

resin conposi P RirhiRorhdbRpRME! hNeOMr dattic@ly! IBrEﬁrréaf rebifl G Fﬁml fyhiBis
conposites and | am nates. Useful toughenér's include methyl
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styrene core shell
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®, tale, quartz,

25  ceramics, particulate metal oxides such as silica, titanium dioxide, alumina, cera,
3



10 particles, and m xtures thereof. A preferred toughener is

met hacryl ate but adi ene styrene core shell particles, which is
avai l abl e from Rohm & Haas (100 | ndependence Mall West, Phil adel phi a,
PA), sold under the trade nanme Panl oi de. When used, tougheners are
present in the thernosetting resin conmposition in an anmount from

about 1 %610 4ROWhrop niias SRIGAM, Yl AP Ulleof. DReBG ek fbrnfRASE
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order to enhance the rate of resin cu uring prepreg processi ng.
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per oxi de agenfy3uilolgto A0ut200E HAkRably Bfn 168t 008 bisbuB 1R, 1BSedFn GBI by
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for exanpl @, WiaRsdNaDGHmeRohydtRion.Chem cal s LLC, Chicago, IL as
Triganox-C). O her preferred curing agents include netal

acetyl acetonat e CoRPhE*RSetiFEbM c@fRSHion Aamaﬁdeos&f&nﬁ&slt&gﬁe&]t ] agent
I'n e

i s dicunyl peroxide. When used, curing agents are present
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about 0 %to about 30 % nore preferably fromabout 12 % to about 25

% based on 1RQupbYoMRs@Rt ah®Siamimel.i dSu@kult RekRiRORichli®Nmethy  The
t hernosetting resin conposition may include one or nore flane

retardants. AfythdclyBiuta@basiiadit chbidBimet, Snekid@yitte bRtadighe WSRE ork BhefI€ST N
conpositions used 5 to manufacture conposites and | am nates may be

used. Exanpl egartidfes,né aliktares BARBE I 4 preghabd &u%k_r&ﬁéru@l&_eth late hEtadl e
limted to, halides of glycidyl etherifled bifunctional alcohols,

hal i des of nostféracors etfll Paticle; Whidk ishbvSIMIERAGh Rosm &) aH@ 0@ Inddpendence
pol yvi nyl phenol or phenol, creosol, alkyl phenol, catecohl, and

novol ac resi ngalb Wekt, BlabélsH) @AY sold, und ACHhE) Ritle Giathb 2ARBIIAEL awtlased,such
as antinony trioxide, red phosphorus, zirconium
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 comiposition.

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
thermoselting resin cure. Prefemed curing agents include peroxide agents that

20  generate fice radicals such as dicumyl peroxide, or teri-butyl peroxybenzoate
(commercially available from, for example, Akzo-Nobel Polymer Chemicals LLC,
Chicago, IL as Trigenox-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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10 hydroxi de, barium netaborate, alum num hydroxi de, and nmagnesi um
hydr oxi de, and phosphor flanme retardants such as tetraphenyl
phosphi ne, tricresyl-di phenyl phosphate, triethyl phosphate,

cresyl di phenyl phosphat e, xyl enyl -di phenyl phosphate, acid phosphate
esters, phosphate conmpounds contai ning nitrogen, and phosphate esters
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benzoxazol e), avail abl e from G ba“Speci'alty Chem cals, Tarrytown, New
York 10 Prepr g§s pRdsphalCaRE |phdsphid Udnifolntés @nthisind it g0 a8d FRsEHlake!
such as a roll of woven glass web which is unwound Irnto a series of
drive rolls. s deRinhpedidRasses into a coating area where the web is
passed t hrough a tank which contains a thernosetting resin

conposi tiqp, incl i BPmSR!sWOHkSaré i ically b6 BRLME fos@ Todhfids 82

above. The gl ass web becones saturated with the resin in the coating

area. 15 The pQgl th podiidl feah Q8uEiSenis ResinSvid e RAESAE: tdmaHERh & pai r
of metering rolls which renove excess resin fromthe resin saturated
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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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25 pressure of about 40 psi to about 900 psi and under a vacuum of
about 30 in/Hg. The stack tenperature is raised fromabout 180F to
about 375F over a period of about 20 m nutes. The stack remains at a
tenperature of about 375F for 75 minutes after which the stack is
cooled froma tenperature of 375F to a tenperature to 75F over a 20

m nute period I npt her gcess for. manufacturin am nat a
t her noset ti ngahP‘gsilbn%c%n%ggﬁ ?ﬁ{ 02??1%? & %?%lﬁip%’%mlg?\ °§ ﬂ?ﬁ %w!r']d”e\lﬁg‘ggg?ieunder
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materials and process factors on the |lamnate curl. Thus S|%gle 20

ply thin corepchafhaRs, eominge Eor@éﬁ:?@ﬁ&ﬁltf@ﬁnﬁc‘ﬂﬁ, BEORh, a%m' i ng

neasured. It was found that although there are nmultiple contributing

factors tegthe Cuﬁe{»ﬂé&e«{w@&@ﬁuy hBfurlcRRR dsig 3 bR NBHtbiaPuch BEa CAPHET

foil has the largest iInfluence. Lower tensile strength copper foi

was found to bR bhisGRBWhEh IEHUSEGHD b sbibs SIRIOIIBYIR] Web THAphd3est i N
core constructions of 4 ml| or less. This change can be transparently
i ntroduced t OmfpUs lcBilihg 2Rea AT 86 Lwihi 13 ailed 1BEER | 2 talR WIRAYcotainl 2Ot heT

| ess significant process factors. Exanple 1 A 24 experiment

wi th one nest @ehmb@&indr refik NRMPSMTD) MARing Uddlverts a4 dsiie: ZRehphRR& | Hat i on,
with two factors having three levels and two factors having two .

| evel s. Ei ght @&isskPdboRAl®s gRE web BdembLdhfirdtatdhithk BRACH thY R aRARal YSi S
was performed using

15  The resin saturated glass web is then passed through a pair of metering rolls which

j=]

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
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5 Mnitabrm 13. 32 General Linear Mdel (G.M at the 0.05 level. The
experinmental factors studies were as follows: Experinmental Factors
Factor Press (heat rise) 10 Paper plys B-stage construction fabric
Levels One (heat rise 4.42 F/mn), Two (3.5 FIimnute) 6, 12 1 x 70%
2x 66%ix 63% and 70% usi ng 106 Cu Ten Stg, Ksi, 1.0 oz @20C with
FR 406 resin. 44 (21.4%, 47 (20:4%, 52 (17.2%* 15 *correspondi ng

el ongation v agtgﬁéengpa%:ﬁs ?aiée&l frgm zlbout 180°F to about 375°F over a period of about 20

minutes, The stack remains at a temperature of about 375°F for 75 minutes after
which the stack is cooled from a temperature of 375°F to a temperature to 75°F over a
20 minute period.
5 In another process for manufacturing laminates, a thermosetting resin
composition is premixed in a mixing vessel under ambient temperatare and pressure.
The viscosity of the pre-mix is about 600 — 1000 cps and can be adjusted by adding or
removing solvent from the resin. Fabric substrate (typically but not limited to E glass)
is pulled through a dip tank including the premixed resin, through an oven tower
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 sirength
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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Measur ed Responses Average curl for each of the four corners

measured Range of the four curl neasurenents. Tg's were
measured to insure that all sanples were cured. 20 Interfil anment
Yarn Voids (IYV s). Panel thickness Materials and Processing.

Core Configurations. Three different core configurations were
studi ed, all #SIB§%25 Hexcel 106 CS4552 fabric and FR 406 resin: | X
resin content % (. 002" core),.[the thickness of the fabric and

23252:{ ey aﬁdx7%n?%%e§%§%%“s%%mog§*§5 it r?%knc%"rg%ggéﬁﬁ@ &
$gpfl §e§f5ﬁ§9@§‘¥héaﬁ¥@%WE coppe S?ﬁigégg% pp ﬁéﬁgwﬁgs %Etained
from Gircuit IE%{F] en lﬁﬁf&%g&bo%&r@ Jeﬁ”inaeach T ? ngdlﬁpa SPE%ESFA 19s§ng

nunbers represént tracea Ity rererence
Sanpl ePres$  winitab™ 1332 General Linear Model (GLM) at the 0.05 level. The experimental

factors studies were as follows:

Experimental Factors

Factor Levels
» Press (heat rise) One {heat rise 4.42 F°/min), Two (3.5 F*/minute)
10 = Paperplys 6,12
» B-stage construction 1 x 70%, 2x 66%,1x 63% and 70% using 106
fabric
with FR 406 resin.

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

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

Measured Responses

s 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 Yam Voids (TYV’s).

Panel thickness

20

Materials and Processing.
Core Configurations. Three different core configurations were studied, all using
25  Hexcel 106 C84552 fabric and FR 406 resin:
1 x resin content of 70% (002" core), [the thickness of the fabric and cured
Tesin]
2 x resin content 66% (.0035" core) and
1 each resin content 63% and 70% (.0035").

30



Al 2 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 aresult of the process. In this case, heat rise is the 15
parameter. All neasurenents in inches P11l (heat use 4.42

P ) 222( 3. Sodofl, M@ kooplie6il LIS e 22030314897 QaAG0- 152
288 Avg stdev . 197 0. (}) 9 216 0242 O&tf%&g }éb
studled. The foil, designated THE-NT-TWB copper foil by the supplier, was obtained

from Circuit Foil, Fremont, California.

5 Lamination. [The lot numbers represent traceability references within the plant
ample Press
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) 2! (33
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 0242 0.178 216
Pl ispress 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



Curl average 20 Curl Range Pl is press 1; P2 is press 2.

Press 2 utilizing the slower heat rate, exhibited | ess overall curl
for all conditions. The data spread is large due to the extrene

| evel s used for the other three factors. Each press was then anal yzed
for min effects and interactions shown in the 25 Figures bel ow.

Eff ect of t hQe@d@lehii® kR ketérf € BEdioh OF thP Tdhtelwiafd R of stadk of
| am nate curl (average and range) are shown in Figs . In

particul ar, HifiSates]padblefers BN IR UG phELs Rhink@)Ti Nate curl in
press 1, respectlve$y Figs. 3 and 4 shom1average and Tange of

| am nate curl in press 2, respectively. In the figures, paper refers

to the 30 nunhgf A@iraggaper plys; bstage refers to the core
configurations; Cu refers to copper tensile strength, lamrefers to

location of the | g ladin@eaVbiobicsd i) Both GRdises,Othe SVALK pRtesk JiidNos, 0S;
panel refers to |ocation of the individual panel on a Ian1nate) Cur |
Aver age exhibited by the variability of the curl for laminates and individual panels, show
significant contribution to curl. This is demonstrated by the large variation in curl on
the main factor plots, The models accounted for 67 percent of the total variation for

Press (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 cur.

Cur] Range

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

exhibited by the variabilityvof 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 accounied 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 mumber of paper plys used in each

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

10



5For | am nates produced in both presses, the overall process

variation, as exhibited by the variability of the curl for |am nates
and i ndividual panels, show significant contribution to curl. This is
denonstrated by the large variation in curl on the main factor plots.
The nodel s accounted for 67 percent of the total variation for Press

1 (faster heai;resg il SHTnggmgﬁrgf ?@%?lﬁglets&:q‘iéi}zgﬁ ﬁllainl?e'iitgft?lfﬁ% nge%{ i ﬁatei on

(sl ower heat rise) ors are contr e are the

nunber of pa%gpggk%aleu&@%tﬁ.ﬁ &g{@%% wwagrﬁﬁo%@rs&@aﬂﬁe'aﬁa@;i{ %ngth

=5
and the B-stag onstruction. ree are-signifrcant contributors

to curl for RLgasudi, %&rﬁﬁliyaﬁﬁ%ﬁgﬁ (ﬁ%@&%ﬁgiﬁrﬁo &g@h& il Sfids

significant for Press 2. The data ower copper tensile
strength cont gl RutsGaisk . 88 Satalm@ibids thalofl BefiEnsile strendiRE LRReNBt es
produced in both Sresses, t he overglf prégess vg??%tﬁgﬁ %E exhi bi ted
by the variabpdskdy of the curl for |amnates and individual panels
were 20 significant contributors. This is denonstrated by the |arge

variation i'n curl My, Bufidmbiohe BQifoufings welnfiple JAGHIRGE! S

accounted for 81 percent”'of the total variation for Press 1 ster
heat rise) angudd 18t 6@NEheRmenklGhd BBl tROGR Bf the WaipkRloli As 5 lapgr heat
rise). The factors that are controllabl'e are the nunber of

paper plys usgfhehdd. Ea%é 1Rl 8olEth dofisir FARRS fouhED SighiGeamby RASE BufRd t he

B-stage construction. O these three, for Press 1, paper ply was the

only contr ol | @falcere f@itelcbssaidtioppi N effect. For Press 2 the copper
tensile strength-B-stage interaction was significant. Since the
anal ysis ¢ hi er ar@hiteC @, préRANinREhtib dbs béen dbsdriBbE B ChdaBd of Specific
significant, its conponent main effects are also significant. The

dat a i ndi cat egnbbliigénts, ¥WAN b @RBGIHod B HoliBcatibhsangtbd mﬁ%ﬁobﬂkﬁ&ﬁfgo
5l ess curl. In summary, the results indicate that although

there are mul frinpihe sE@r tebitietive. TRCI B et the idvBiiof Winlt 1816 BaERAR ost he
tensile strength of the copper foil has the |largest influence. Lower

tensile strenghikdepmeatschiftioh of\@S ink@tibElsct Bl QR dpbdifatidnyant SEUGRs,CUT |
inthin core | am nate constructions. 10Wile the present invention
has been deschit s d3Wefiie@bsthofollopiagtlbiine. enbodi ments, it will be
under stood that nodifications nmay be nade w thout departing fromthe
spirit of the invention. The scope of the invention is not to be
considered as limted by the description of the invention set forth
in the specification and exanples, but rather as defined by the

foll owi ng cl ai ns.
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CLAI M5 1. A copper-clad | am nate conprising a resin core having
a first surface and a second surface, and a copper foil joined to at
| east one surface of the core, wherein the copper foil has a tensile
strength of |ess than 47 ksi nmeasured at 20 C, and wherein the core

has a thickness of 4 mls or |less and the copper foil is selected
from21l oz copper foil or 0.5 oz copper foil. 2. The copper-cl ad
| am nate of claim 1l wherein the copper foil has a tensile strength of
| ess than 45 ksi. 3. The copper-clad lam nate of claim1

wher ei n?]mﬁflgopper foil has a tensile strength of about 42 ksi

4. The Tamnate of claim 1l wherein the resinis a FR4 resin. 5.
The copper-clad lamnate of claim1l wherein a copper foil is joined

to both the ledreopperdad bmimagceompriging haregip ceredurvad Bt fuafes and a secosl
b € . . . : esin i
€ Cofslf&gfg?ef} L@, J:o%B?;}ﬁﬁ% Eon%{g] & bk };nc‘&‘ﬂ &:!d?ﬂ%ehc%l %Fr@m%ﬁg%g\g}fflﬁgggssa

woven e copper-clad [am nate o arm
cur | oftehstls strengtinofUesd Shanrd esmeaswied ne) Bh asd Whertintheagvee hB.a thkknesopier

cl ad | anlnat i 1er.el r esi QLE | [ epr.eqg core.
0. " comeiif iy ik il o aEleRy dfh £ BeraFon s S BERRUSE £ i
surface and a second surface, and a copper foil joined to at |east
one surf ace 2offhe pepppr-dist mpingtr & claiinelr wherein ke eopppdpil ek 4 tehsils strength of
tensile strength of less than 47 ksi neasured at 20 C, wherein the
pr epr eglesscham 49dsi- a t hi ckness of 4 nmils or |ess, and wherein the
copper foil is 0.5 oz copper foil.

3. The copper-clad laminate of ¢laim 1 wherein the copper foil has a tensile strength of

about 42 ksi.
4. The laminate of claim | wherein the resin is a FR4 resin.

5. The copper-clad laminate of claim 1 wherein a copper foil is joined to both the core

first surface and the core second surface.
6. The copper-clad laminate of claim 1 wherein the resin core includes woven fiber.

7. The copper-clad laminate of claim 1 having a curl of less than 0.25 inches measured on

a flat plane.
8. The copper clad laminate of claim 1 wherein the resin core is a prepreg core.

9. A copper-clad laminate comprising a prepreg core having a first surface and a second
surface, and a copper foil joined to at least one surface of the prepreg core, wherein the copper
foil has a tensile strength of less than 47 ksi measured at 20 °C, wherein the prepreg core has a

thickness of 4 mils or less, and wherein the copper foil is 0.5 oz copper foil.
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