A Met hod of Making a Fiber Reinforced Panel for Printed Crcuit
Boards and a Fi ber Reinforced Panel Made According to the Method
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BACKGROUND

[0002] Signals are transferred across printed circuit boards (PCB's)
typically using PCB interconnects in the form of lineatly disposed conductive
transmission lines, such as transmission lines routed according to a
standard Manhattan method. A transfer rate of a signal across a
transmission line is among other things a function of an effective dielectric
constant of the board or panel underlying the transmission line’s trajectory.
Conventional panels may be made from a thermosef resin such as an epoxy
filled with a fibrous reinforcement such as glass fiber to form a beard: An
example of such a board includes FR4, a schematic illustration of which is
provided as panel 101 in Fig. 1. Fig. 1 shows a portion 100 of a printed
circuit board including an FR4 panel 101 and two transmission lines 110 and
112 on the panel 101 according to the prior art.

[0003] As seen in Fig. 1, as transmission line, such as lines 110 and
112, advance on a given panel, they each cross over areas of the panel
exhibiting varying dielectric constants by virtue of spatially varying woven
fiber densities within the panel. An effective dieleciric constant of the panel
underlying the transmission line’s trajectory would therefore in effect
correspond to an averaging of the varying dieleciric constants, For a given
bus layout design, bus lines typically run over paths on the panel that may
substantiaily different from one another. As seen in Fig. 1, the two lines 110



[ 0003] As seen in Fig. 1, as transmi ssion line, such as lines 110 and
112, advance on a given panel, they each cross over areas of the
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generates-a fair amount of waste with respect to unused portions of the
board onio which the rotated image is not transferred.
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[ 0006] Al Il of the above options are di sadvantageous to the extent that
they conplicate a fabrication of the PCB by adding fabrication
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between bundles, an elimination of the fiberglass cloth using only the resin,
or the use of chopped fibergiass to randomize dielectric constant variations.
However, disadvantageously the latter options are either expensive to
Implement and/or not applicable to the entire extent of the panel being used.

{00087 The prior art has failed to provide a reliable and cost-effective
method of mitigating phase skew in differential signals caused by localized
spatial variations in the dielectric constants of PCB panels.

BRIEF DESCRIPTION OF THE DRAWINGS

f0009] Embodiments of the invention are illustrated by way of
example and not by way of limitation in the figures of the accompanying
drawings, in which the like references indicate similar elements and in
which;

[0010] Fig. 1 is a top plan view of a portion of a fiber reinforced panel
comprising transmission lines thereon provided according to the prior art;

[0011] Figs. 2a, 2¢ and 2d show a shearing station depicting stages in
the fabrication of a printed circuit board panel according to an embodiment;
[0012] Fig. 2b shows a conventional copper clad fiber reinforced
material;



exanple and not by way of limtation in the figures of the

acconpanyi ng drawi ngs, in which the |ike references indicate simlar
el ement s ansloizm7okizen: [0010]Fig. 1 is a top plan view @icraispmb/bi«ss
of a fiber reinforced panel conprising transm ssion |lines thereon
provi ded accordi ng to the prior art; [0011] Figs. 2a, 2c and 2d show a
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[0014] Fig. 4 shows a top plan view of a printed circuit board provided

onto a printed circuit board panel according to an embodiment; and

[0015] Fig. 5 shows a system incorporating a ptinted circuit board
according to an embodiment.

DETAILED DESCRIPTION

[0016] A method of making a printed circuit board panel, a printed
circuit board panel made according to the method, and a system
incorporating a printed circuit board provided onto the panel are described
herein.

[0017] Various aspects of the illustrative embodiments will be
described using terms commonly employed by those skilled in the art to
convey the substance of their work o others skilled in the art. However, it
will be apparent to those skilled in the art that the present invention may be
practiced with only some of the described aspects. For purposes of
explanation, specific numbers, materials and configurations are set forth in
order to provide a thorough understanding of the illustrative embodiments.
However, it will be apparent fo one sKilled in the art that the present
invention may be practiced without the specific details. In other instances,
well-known features are omiited or simplified in order not to obscure the
illustrative embodiments.

[0018] Various operations will be described as muliiple discrete
operations, in turn, in @ manner that is most helpful in understanding the
present invention, however, the order of description should not be construed
as to imply that these operations are neoessariiy order dependent, In
particular, these operations need not be performed in the order of
presentation.



0013] Fig. 3 shows a shearing station depicting a fabrication of a
LrintLd gircuit board panel according to the prior art; [0014]Fig. 4
shows a topyphanowizew of a printed circuit board provi degtRRE@e/Au4ss3
printed circuit board panel according to an embodinent; and
[0015]Fig. 5 shows a systemincorporating a printed circuit board
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context dictates otherwise.

10020] Embodiments pertain in general to methods of forming a fiber
reinforced panel for a printed circuit board and to a fiber reinforced panel
formed according to the method.

[0021] Refetring now to Fig. 2a by way of example, method
embodiments of the present invention comprise: providing a fiber containing
sheet, the sheet having a sheet front edge, a sheet fop edge and a sheet
bottom edge extending parallel to the sheet top edge, the sheet further
comprising a first set of fiber bundles extending paraliel to the sheet top
edge, and a second set of fiber bundles extending at right angles to the
sheet top edge; and cutting the fiber containing sheet at a predetermined
angle o with respect to the sheet top edge to yield a intermediate panel
having a intermediate panel top edge and an intermediate panel bottom
edge extending paralle! to one another, and two parallel edges each
extending at the predetermined angle with respect o the intermediate panel
top edge. The fiber containing sheet according to embodiments may
comprise, by way of example, a sheet consisting of (that is, containing
exclusively) the fibers as described above, or a sheet comprising a fiber
reinforced material (i.e. a sheet containing the fibers as described above
impregnated with an Impregnating material such as resin). Thus, a fiber
containing sheet may include a sheet of fiber reinforced material that is
either copper clad or reinforced with one or more layers of a reinforcing
material, such as resin. in the fiber containing sheet, each set of fiber
bundles as shown may include individual bundles exiending parallel to one
another and spaced apart by a given pitch. Thus, as seen in particular in
Fig. 2a, according to an embodiment, a first shearing station 200 is shown
including a shear apparatus 202. A fiber containing sheet 204 is provided in
rolled form on a rofl 206 as shown. The shown sheet, as noted above, may
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[0017] Various aspects of the illustrative enmbodinents will be
described using terms commonly enployed by those skilled in the art
to convey twe:mubstance of their work to others skill edpbmushesedstss
However, it will be apparent to those skilled in the art that the
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advanced toward the shear apparatus 202 in an advancing direction 2186.
According to an embodiment, the shear apparatus 202 is oriented according
o an embodiment to cut the sheet 204 at a predetermined angle o with
respect to the sheet top edge 208 or with respect to the advancing direction
216 as shown. The sheet may be advanced in one embodiment on a
conveyor. As seen in Fig. 2a, shear apparatus 202 is adapted to cut the
fiber containing sheet 204 at the predetermined angle a with respect to the
sheet top edge 208 to yield a intermediate panel 218 having a intermediate
panel top edge 220 and a intermediate pane! bottom edge 222 extending
parallel to one another, and two paralle! intermediate panel edges 224 and
226 respectively, each of the parallel intermediate panel edges extending at
the predetermined angle with respect to the intermediate panel top edge
220. Preferably, as shown in the embodiment of Fig. 2a, the intermediate
panel is a parallelogram. The intermediate pane] top edge 220 and
intermediate panel bottom edge 222 have a dimension A as shown, and the
parallel intermediate panel edges 224 and 226 have a dimension B as
shown. Within intermediate panel 218, the first set of fiber bundles 212
extends at the predetermined angle o with respect to each of the two parallel
intermediate panel edges 224 and 226, and the second set of fiber bundles

214 extends perpendicularly with respect to the intermediate panel top edge
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[0021] Referring now to Fig. 2a by way of exanple, nmethod enbodi nents
of the present invention conprise: providing a fiber containing
sheet, theshhe@tdvami ng a sheet front edge, a sheet toppedgerianaisas
sheet bottom edge extending parallel to the sheet top edge, the sheet
further conprising a first set of fiber bundles extending parallel to
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[ 0022] As next seen in Fig. 2c by way of exanple, nethod enbodi nents
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shears, or a cutting a m shear. seeh’in the
enbodi ment @fankilg, usteg ohé neswotd ramdhé@saya bettipgted! lothertibaroaerimnot her

Jiel d a pandicissas Rerdots et Sa e Jant i e ¥ BARS top edge
238 , a pansdrahaitd one edgihe? 4Ad pefmlndeluldrac kheh bﬁf&@ltwfoqmr_ﬁﬁtg@dﬁ@@d_tm
parallel p t he panel 236 having the first

anel si edges, 242 244,  pe
set of fi be£3do%rﬁﬁ§|g§% ool e §- 4t° 3958 Bt e PRAP! ARG RPN t h
respect to hhedianels d fhetBersmitigeand Zidicl 4 thd hihed & 8hdof
fi ber bundl eE %4 ext en%?lng at tﬁeie%gr edeﬁr rﬁ neg1 aﬁ%{] eﬁsgp‘gm@q h%bgspect
to the pandWorRisakielganghade pregelddiyd 244 chemiang! 236 hadng Hecliekeitat e
panel is ef ' ; t he
di stance D {gg@ﬁgtﬁ lélg&lgg 2&%%&#@3@(%}@8%@2& ”lzggdp%]r@?%g‘g@q ?énS%t((1 ﬁg%s hape
of a rect arifeeans! stlewdoén 2/ gnd 264, Axd theaecdnd set of fiber bundles 214

extending at the predetermined angle a with respect to the panel top edge

238. Preferably, a cutting of the intermediate panel is effected such that the

lines 1.1 and L.2 are separated by the distance D as noted in Equation (1) to

yield a panel 236 in the shape of a rectangle as shown in Fig. 2¢. As seen
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in Fig. 2c, the resulting panel 236 nmay have a di nension D as

provi ded by Equation (1) above, and a di nension C as provi ded by
Equat i on (20 bet/omzv1(2) C = A cos a Wiere, as noted abovecT/dsioss/ @4583
di rensi on of the internedi ate panel top edge 220 as shown in Fig. 2a.
A panel according to an enbodi nent, before its separation into

i ndi vi dual . Y/ DI QVi r.eon,
may have ar) o And SRCOUPRE A Aaeors AeVE dainkinB thgt B RBES " 4
i nches by 4Bquatiohds) albs@d, aotesdiimgnditnithad peovided BEEymatives 2pyelb®:
inches, to cite just a few. [ 0024] The predeterm ned angle a is an
angl e chosen to (g) ti gateh oogle conversion as described above based on
application needs, depending on factors such as a physi cal
configuration of the transm ssion Iines and an operating frequency

and edge r apgend, atsh@t@di ghaves PI @ ahﬁmbhgueﬁr@f theethtdnhdaige baasIIoH 88H&N
i nes, as woul d be reco?nlze é one skilled in the art. The

predeterm meed BhNIVeBUTY- B & hacqoé(ﬁ'”%)?%ﬁ‘ﬁle@’bQW?%b@@ﬁ%‘t‘?ranner
as an angl eséf«,%tfémhﬁtoc.hema ﬁaﬁeh'@a@ém@ t@hhvd PCBaébrh;B@%téﬁﬁo@Fd'een of

the transmssion line inage to be transtferred onto a panel 1n order
to mitigat eNATRPE, mymvﬁwofrﬂaeefoéewmg;dlm&a@@ﬂaq ng inaies Qyrak iaehesy

enmbodi ment , 44 fﬁ%r@é sgatgqg&ﬂb egzmksbgl 4gSinéned B 5@5@@95@ s6NAkhdsS

adapted to resu stantia m nation o nver si on.
Mor e pr ef ertaldlite justieefepr. edet er mi ned angle a i s bel ow about 22.5
degrees. More preferably, the predeterm ned angle is about 10

degr ees. [0{02811Referrﬁh@g)mdahermimeéia@gleaq iemrpahgie chipserata miiigateent i s

shown in i t udes ear appar atus 302.
A sheet 3\82}”%9??@‘2‘9&@{9@{%%‘9@? %Q%I%e{% %@F&ﬂ%ﬂ B ® rol | 306 as
shown. At tdimae&xkiwcbm’@aoﬂratsbdma§@Q3hya[cabcrcnhflgg|at|0naﬂtlwm@@bmﬂbn the

i ect fon 3N6C SRR IRUAIR) oA HBeC A R praILIe Bhop

per pendi cul gdndnaitéd ey Ay aansmMBsiBhnaes, A wddlE b 08 iizeWby Bnd sRé®’
art panel 336 having a first set of fiber bundles 312 ext endi ng

per pendi cul ‘BrthS atto TRPreriaiemaingd angleconibe ghosemdoexample, in the
same manner as an angle would be chosen in the prior art for an image

rotation of the transmission line image 1o be fransferred onto a panel in
order to mitigate mode conversion. Preferably, according to a preferred
embodiment, the predetermined angle o is a smallest angle that is adapted
to result in a substantial elimination of mode conversion. More preferably,
the predetermined angle a is below about 22,5 degrees, More preferably,
the predetermined angle is about 10 degrees.

[0025] Refarring next to Fig. 3, a prior art arrangement is shown in
which a shearing station 300 includes a shear apparatus 302. A sheet 304
of fiber reinforced material is provided on a roll 306 as shown. Atthe
shearing station 300, according to an embodiment, the sheet 304 is
advanced toward the shear apparatus 302 in an advancing direction 316,
The prior art orients the shear apparatus 302 perpendicular to the advancing
direction 318, resulting in a prior art panel 336 having a first set of fiber

bundles 312 extending perpendicularly to the side edges 342 and 344, and
9



t he second set of fiber bundles 314 extending perpendicularly with
respect to the panel top edge 338. It is clear fromFig. 3 that, in
order to prnove@eotwansm ssion |ine routing on panel 336rpthak2o0&044583
angled with respect to the fiber bundles to mtigate node conversion
in a PCB, a clear option would involve inmage rotation, which would

entail all pf the di sadvantages n d .abave with ¢ Cl. sane.
Conver sel y,tﬁg%%q{gfseé@gﬁgggb%ﬁ%q Q%%xtgp&pg&erpf@d&ﬁ?aﬁ'&swqrhges%e i sion
of transni ssilgphndlese bHigs 8a8, &usoledr iOmtRigs3 tiaddn dramtib pasiohi | e
havi ng the transm ssjon Iines be routed in an angllﬁgcg manner

. [ W, 1 h
respect to faETIIHRY MfurRNtas Onpnewrrs Bahis qTied g3hAst _Q/@Pé'%’ﬁb t he
necessity ftﬁ?trnﬁilerme%mﬁ Blrhee g&w&wﬂm%@%@é%m@mﬁwmbﬁe

provi de for the formtion of panel having two sets of fiber bundles

ext endi ng pewgereiagonarhighwaukl erigipal of the aptagss notrrbataeve WEI ng
oriented at 1 he a. W .~edge of the
panel , the rsg%ééqt%gg}teﬁ%dﬁﬁbéoggﬁjsgp, %#alh%& %@g%%%ag%??%%bgﬁggg@of a
fi ber rei nfalowedhe prdvisien of ramsmiGeionr linke theaew accordiegde steedagbove i s
provi ded, all.,.r Wl ] r may
be. pert or madeeBE Mg BOPa T anF AP oHE o R MR RREEERF o
further nodgitrtcespecisibane fibéi gatdlen anddvdbtzadenserhy tietd anandibg e any
di sadvant ages as,fofci ated wi.th such mtigation processes as noted
above. For '&€&fY yePfEﬂ%%@df%‘i’ﬂ% provide for a cost effective nethod
e -0 A A T
i mage 1ot atpiel ha¥ingede seRidibst Bindidd bﬂéhﬁiﬁﬁ-p&i‘ﬁrﬁﬂdjt i&Ayomigh t
0 at reduces a waste

enbodi ments provide for a cost effective t
of processi#§PGIiR eaRd OF S oRne Rt Reys) Wﬁﬂtg Aled RIS TTUNGMhERGE O

portions ofygh RaPBLt Bfa fétpp&%etd?%e P&Sei UPE RS A Pror @iy &Y &1 iBfial
mtigation according to the prior art. Such Erocesm ng time and
resour ces netiearipgistasiel §f sbesypiefresr rof maleripk i @ncaine panegl 8ke f or m of ,
for exanpl e ching X1 O ZihBg, gﬁ% ' : e
per f or med o(?]esgh[r:j%? g%\ﬂ'ﬁé @hg‘ﬂgg’n%[{ é@ﬂ%ggﬂn%ﬁéﬁi olagjénéttﬁgg\?m%é\r/@y as
a result ofproséssgspnaobe getforroeld acamdiagsd stanaiatd gathasis wititoiothe such

as i nmage rotation, ] 1 0 ern]
noxt to F g oSl oifd el EaR bl el 0 kOB T RS e
enbodihment : amyma’sm\iagltee;bs@dssouﬁaltedmm elucimninitlg,dtiozg ptcvc@:ssm as h]?mdl i nes .
452 t hereon_provided on anel . 436 sim.lar to n 236 of Fig. 2d.
Thus, panel 058" IFRCISHARGIS, SRmRaImEals RLoYES Joses ods gliRaivedBeT g idilge
440 par al | eleduiged Aevapansl fidIReipftO6ed Matrianand af alhee mdamas sedides edges
442 and 444, the panel 436 having the first set of fiber bundles 412
ext endi ng atORPRECIsAdHEas FRMRRIedNgine mefiiadhihabusrscimads ediogifdfe edges

442 and 444moaél@!oﬁ\b@rs‘r%ﬁ9ﬁﬁaa§@r{. PladditRP! ePiBBEIGSHE bfoviad Rdidagr at the

predetermned angle a with respect to the panel top edge 438. Printed

circuit boagftecting mathed thad fedHossiaonaste wégrapsgsiog timie and erseuUB8WN, i s

t hen provi : far. I i
et hods. - wi TS (AR dhiBed bBloRS MR PRnRFGL ECRPRIS BN o,
| i nes 452 byotibeopvardienanitigateh acayrding o dredaiortast. NS udyabessairetime

conversi on as, noted above 0028] Referrin o Fig. .5 here i,

et £ i oot ThERE RS 0AE iptelly Bb S efhdad Bob piobarch ROELR IR s of

t he presenteianvisiof di@NiNGRYxIERINGS B‘dagiﬁ%;‘l aft eRlahPY, ehaassantd peddibd

i ncludes a PCB 450 which may be simlar to the PCB 450 depicted above
in Fig. 4. PhPERENERbEW P@%Ihaéwn‘?ﬁ‘&? lpdwohrRy aWaY ga& rgsuit of

i Cr Opr 0CeSg g phifk 210 rddeSdhbAIGTRANBA oth s SN ddFidiaoflion.
application specific IC (ASIC). Integrated circuits found in chipsets
(e.g., graphics, sound, and control chipsets) may al so be packaged in
accordance with enbodi nents of this invention.
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[ 0029] For the enbodi nent depicted by Fig. 5 the system 900 may al so
I nclude a main menory 1002, a graphics processor 1004, a nass storage
devi ce 1006yoamvdbaryian i nput/out put nodul e 1008 coupl edptouennho@idier
by way of a bus 1010, as shown. Exanples of the menory 1002 incl ude

but are not limted to static random access nenory (SRAM and dynam c

| nol ude but DR not * AR 60 6t @ M P ioar R v Rt Ek

drive (CD), agtoftif trdn ¥ebsaimdre, thesitintdd dieult BYRYd mamdhr@otrairwhtlkslon
Exanpl es of the |n8ut/out ut nodul e 1008 i ncl ude but are not linited

to a keyboali$s 468r8oECRMPYERd aPARpRywhddR SMiar iy RYISZ30 f Figt R8r k
interface, qpgd %Qnélqrs%hnclﬂtées g)b%rﬁgl 8 ebelhs, Q?ﬁné—l%ohﬂé&ig@@dr@m are

not linmted to'a peripheral control i|ntérface and | ndustry
St andard Aredratelde theepgriebp edgs. aandwe pafalet pangl gi dg§@s442 and

enbodi ment 544% he, g{,%@Q%%%Ql@%e%st%eﬁ@ﬁ?de‘?%ﬁg?g ,4:3% 1onding.

per sonal ss stant ?( PC,
a deskt op cpneﬂateem ned amgleﬂmpthbfespeta tortii ad@edg@m,@a:anmmmrm ihger

and a server, 803 fbfl Y P %Iefleg td[ dse e o wit
|Ilustrated% e fbx? #e dﬁt S é ? ﬁo\f”?he
preferred eréspdmneﬂ‘te parie! Wb bd@@tla&pPamealtcﬁduibboam atfie ordi nary
skill in the art. tha et f alternate / or eU|v|6ent
ol oot it TARTssiPe s 252 Srvalonas showd S TSV RS Sia B 4R
subst i t ut edidrekahipe FRERIIMd B ﬁ@b(&ﬁd}\ﬂi&ﬁi@tw\/ﬁmﬁ@m tﬁl@&@béé&@ tw t hout
departing fromthe scop e C? the present invention. Those with skill

in the art UGH#e %né@agw amvwralsémﬂwa@s ﬁﬁ%bw@%erﬁﬂererﬁwmqwm be

i npl ement edoiddy f MRIGHISWNERe LBhIEIbNAs RIB@EbaRNt S. This application
I's intended to cover any adaptations or variations of the enbodi nents

di scussed hgjoep. Thﬁé?é]‘?lﬁ% to'Fﬁg '§tﬁ@8';§ Baditated Bh@%@%rﬂ/%ﬁsbl@ S

i nvention bé limted onl claims and the equi val ents thereof.
systems 900 in WhICh embodtments of the present invention may be used.
An electronic assembly 1000 includes a PCB 450 which may be similar to
the PCB 450 depicted above in Fig. 4. In one embodiment, assembly 1000
may include a microprocessor. In an alternate embodiment, the may
include an application specific IC (ASIC). Integrated circuits found in
chipsets (e.g., graphics, sound, and conirol chipsets) may also be packaged

in accordance with embodiments of this invention.

[0029] For the embodiment depicted by Fig. 5, the system 900 may
also include a main memory 1002, a graphics processor 1004, a mass
storage device 1006, and/or an input/output module 1008 coupled to each
other by way of a bus 1010, as shown. Examples of the memory 1002
include but are not limited to static random access memory (SRAM) and
dynamic random access memory {(DRAM). Examples of the mass storage
device 1006 include but are not limited to a hard disk drive, a compact disk
drive (CD), a digital versatile disk drive (DVD), and so forth. Examples of
the input/output module 1008 include but are not limited to a keyboard,
cursor control arrangements, a display, a network interface, and so forth.
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1.A printed circuit board conpri sing: a panel conprising a
fiber reinforced material, the panel having a panel top edge, a panel

bot t om edgey®ajoabdeed: to the panel top edge, and two parabigkapasghss
si de edges, the panel further having a first set of fiber bundles

extending at a predetermined angle a with respect to the side edges,

and a secon f r t endi n t redet erm ned
angle a wit Xéﬁgfegcotfft%é)&ﬁ%%ihﬁu@%‘%gﬁ%a I@'Fef{]ﬁoté)l?%rﬁ%!%%'ﬁoéﬁm'
di sposed onirtdriacedREN) bmand [n@ww $tehddransnissienISANgass, axtepdi ng
on the panet é@etv\een t he gl r,cui nponents, the transm ssion |ines

bei ng orien JaralpEs o OGW?eerB% Bﬁéyﬁfﬁ'ﬁeqd(l'@ﬁygéfewﬁﬁ@sﬁ r@bianel
si de edges; phérey, ai gersdiel dg;?ﬂa@éssﬁétﬁhﬁa'p%ck&lm’ 2Rt 22 %’n%%&?s

2The printeg C|rcut boar f claim 1, wherein the panel Ts a
rectangle. ©$ ok IOPiCRMAYRY pEeT-omey: @ rmdlamntarf’(:,vm@wa playére
fiber reinfgrgedermierial conprises an epoxy resin. 4. The printed
circuit board of claiml, wherein the angle a is about 10 degrees.

5. A print eﬁmojcu't A8LEN RABEHo BRIBBIS TIgnayd bBS IRELRTRES o

mat eri al , anel havin a pane
parallel to ?%bﬁgh@relrﬂ %] Fétﬂ@@eesa@fdiesmptparcﬁrtm@prqmexm@di embdamemas,

o SaEE o AR Dokl bl bl e TS AASATARST, °
set of fi bealt%ﬁﬁialaélsl/crrﬁqemmimg impletrentationd @RI ¢ amé@e fheValtl
respect to éﬂﬁo@easnr%ytbg%u%gﬁtuted for the specific embodiment shown and

described without departing from the scope of the present invention. Those

with skill in the art will readily appreciate that the present invention may be

implemented in a very wide variety of embodiments. This application is

intended to cover any adaptations or variations of the embodiments

discussed herein. Therefore, it is manifestly intended that this invention be
limited only by the claims and the equivalents thereof.
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wherein the angled al pha is bel ow about 22.5 degrees. 6. The panel
of claim5, wherein the panel has dinensions including one of 18

i nches by 24 inches, 48 inches by 48 inches, 52 inches by 48 inches
and 56 inches by 56 inches. 7. The panel of claimb5, wherein the
fiber reinforced material conprises an epoxy resin. 8. A system
conprising: an electronic assenbly including: a printed
circuit board conprising: a panel conprising a fiber reinforced
material, the panel haV|ng a panel top edge, a panel bottom edge

par al | el to%¥ d edge, and two parallel panel side edges,
the panel further having a first set of fiber bundles extending at a
predet er m ned angl spect to.the side edges, and a second
set of fiber bﬁndl§§”n§g %gggtOWRna%ﬁedeternlned angle a with

respect to the panel panelpcoemgeng a fiber repfareadi haterdion partes havispe perk| tup edge, a
the panel; anq)aﬁérl?dttloﬁl e&g'é%z{rbﬁt%' tﬂ@ p'ahéW§p € e@tﬁt{i negg%aﬁé]ﬁ)aﬂgr&%e %dg(ejs the

bet ween the circuit conp ransm ss bel
parallel to oréngffutirs f\@&lﬁ@a ftr%ipseéebfébearbdnci!%ewéﬂrg @ad@eé@tg@@ﬂedaamlea: with

mai n menory codgeediottRe §ibe el CAILNbECAS SABPTiNEr bWRBELhRertiiy AR pﬁé’de%rmmed
i's bel ow about 2 Xsten1of claim8, whereint

fiber reinf orc?é'gér?a‘f"g}rgﬁq%i@ﬁ%ﬁ'?a@@@o%ﬁ Epoxy resin.

cireuit components disposed on the panel; and

parallel fransmission fines extending on the panel between the circuit components, the
transmission lines being criented parallel to one of the panel top edge and the panel side
edges;

wherein the angled alpha is below about 22.5 degrees.
2. The printed circuit board of claim 1, wherein the panel is a rectangle.

3. The printed circuit board of claim 1, wherein the fiber reinforced material comprises
an epoxy resin.

4, The printed circuit board of claim 1, wherein the angle a is about 10 degrees.

5, A printed circuit board panel comprising a fiber reinforced material, the panel having
a panel top edge, a panel bottom edge parallel to the panel top edge, and two parallel panel
side edges, the panel further having a first set of fiber bundles extending at a predetermined
angle a with respect to the side edges, and a second set of fiber bundles extending at the
predetermined angle a with respect to the panel top edge;

wherein the angled alpha is below about 22.5 degrees.

B. The panel of claim 5, wherein the panel has dimensions including one of 18 inches by
24 inches, 48 inches by 48 inches, 52 inches by 48 inches and 56 inches by 56 inches.

7. The panel of claim 5, wherein the fiber reinforced material comprises an epoxy resin.

8. A system comprising: an electronic assembly including:

13



10. A nethod of making a printed circuit board panel conprising:
providing a fiber containing sheet, the sheet having a sheet top edge
and a sheet bottom edge extending parallel to the sheet top edge, the
sheet further conprising a first set of fiber bundles extending
parallel to the sheet top edge, and a second set of fiber bundles
extending at right angles to the sheet top edge; cutting the
sheet at a predeterm ned angle alpha with respect to the sheet top

edge to yield a internmedi ate panel having a internedi ate pangl top, .
edge and an inter m?d’lr'aiieg Pate Oabdg‘EWH?'% 38R BRI ﬁéﬁ%[ﬂ?'@ﬁ”% ”%ﬁeé‘a" the
anot her, and tpsosifariay belanddgesdgsac ivamst betivdi eryeatardiibieo phreegieekto priedged and two
angle with re the i r i , . o .
SULting the | TiH e L atsr. O e [anetRlnt 0P R buscie extendng ata
anot her and petPERINEGH @Nlpct Wik Fespectttnéhet sige péges) ard a saes seb of fiksr gundles

a panel havi ngxenBiagel tht gRde@ERinePaRRNeNithes i esloearRAbpklgl to the
panel top edge, and two E@ral e anel havin

| el ‘?angl ?lde edges, the p g a
first set of fiber “BEHSCERORSNLHEIFRGT 87 MerRenpr SbbHAIR HePrpRndinge fxending
respect to thesnshelpasdgeisieeaitick @rcsiecammnaas, tod trinshessidaunds e8ing oriented parale!

extending at t r 1. e | i .8S ) t he. panel . t
cdge. 11, " he"oP REGE SR Ar e idbard S BB AP L BRpPTREYy sy e
a sheet consi s¥¢argnippsseiwlvii rst set of fiber bundles and the second

set of fiber bundl gherem theWhdiddaets BeRinfRLCEt dBtaki al . a fiber
reinforced material having copper cladding thereon, and a fi ber

reinforced material having a |layer of a reinforcing material thereon.

12. The net hod ©f cirae sysidy oibiaires, whettirt he @bérheinphRatm e ChEa Sl Sh Bhoxy
a first shearirngnstati on conprising a shear apparatus oriented to cut
the sheet at t'fhe predeterm ned angle a with respect to the sheet top
edge. 13. The nmethod of claim 10, wherein cutting the panel

conprises usingy a gaLaRd FRheRAE BPrivbaL ERAD. |ePtiGhrisiyg. Parall el
shears each adapted to cut t heéi %{{er%tf?g?e p éndeefé al 6%}3@51
correspondi ng one BPViting atfher Fentiging sheet, the sheet having a sheet top edge and a sheet

bottom edge extending parallel to the sheet top edge, the sheet further comprising a first
set of fiber bundles extending parallel to the sheet top edge, and a second set of fiber
bundles extending at right angles to the sheet top edge,;

cutting the sheet at a predetermined angle alpha with respect to the sheet top edge to
yield a intermediate panel having a intermediate panel top edge and an intermediate panel
bottom edge extending parallel to one another, and two parallel edges each extending at the
predetermined angle with respect to the intermediate panel top edge; and

cutting the intermediate panel along two lines parallel to one another and
perpendicular to each of the two parallel edges to yield a panel having a panel top edge, a
panel bottom edge parallel to the panel top edge, and two parallel panel side edges, the
panel having a first set of fiber bundles extending at the predetermined angle with respect to
the side edges, and a second set of fiber bundles extending at the predetermined angle with
respect to the panel top edge.

11, The method of claim 10, wherein the sheet comprises one of a sheet consisting of the
first set of fiber bundles and the second set of fiber bundles, a raw fiber reinforced material, a
fiber reinforced material having copper cladding therecn, and a fiber reinforced material

having a layer of a reinforcing materiat thereon.
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14. The method of claim 10, wherein the two |ines are separated by a

di stance equal to a dinension of the internedi ate panel side edge

mnus a nmultiplied value equaling a dinension of the internediate

panel top edge tinmes the sine of the predeterm ned angle. 15. A

met hod of fabricating a printed circuit board conprising:

provi ding a panel conprising a fiber reinforced material, the panel

havi ng a panel top edge, a panel bottom edge parallel to the panel

top edge, and two parallel panel side edges, the panel further having

a first set of fiber bundles extending at a predeterm ned angle a

with respect ttet héheshcé@odd:g&%imamd v.aer&acamdwgStEé sbéetfdob@l‘lsékumﬂges first shearing

ext endi ng at té}gt R d;%%gF glaréﬁgar %p%tu@ o\ﬁ‘ented Lft) ?I%[ :?ﬁegt gtqﬁ g pbe 8{?{%116% angle «

edge; rovi Snent & 'oh 1 e

paral | el transwﬂsr§ﬁl@ﬁ¢tﬂ0|ﬂﬁfe§19@k@éﬁd@mg on the panel bet ween t he

circuit conponents, the transm ssion lines being oriented parallel to
one of the panel to the anel edges; wherein the angled a

i s bel ow about $2.5 Q?e@"gg'@ C'El'@ O nersin r?a@n%fthwan% oPEIPriife HENh @ second

the fiber rei nfs[ﬁu’aﬂ@gistmimdnaﬂnsm@lfﬁw bEEIR| StitaBPEREN abigRedto cut the intermediate panel
along a corresponding one of the two lines.

14. The method of claim 10, wherein the two lines are separated by a distance equal
to a dimension of the intermediate panel side edge minus a multiplied value equaling a
dimension of the intermediate panel top edge times the sine of the predetermined angle,

15, A method of fabricating a printed circuit board comprising:

providing a panel comprising a fiber reinforced material, the panel having a panel top
edge, a panel bottom edge parallel to the panel top edge, and two parallel panel side edges,
the panel further having a first set of fiber bundles extending at a predetermined angle o
with respect to the side edges, and a second set of fiber bundles extending at the
predetermined angle a with respect to the panel fop edge:;

providing circuit components on the panel; and providing parallel transmission lines
extending on the panel between the circuit components, the transmission lines being
oriented parallel to one of the panel top edge and the panel edges;

wherein the angled a is below about 22.5 degrees.

16. The method of claim 15, wherein the fiber reinforced material comprises an
epoxy resin.
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