SI NGLE OR MULTI - LAYER PRI NTED Cl RCUTT BOARD W TH | MPROVED VI A DESI GN CRCSS
REFERENCE TO RELATED APPLI CATI ON [ 0001] This application is a
continuation-in-part (CIP) of United States Patent Application No.

10/ 227,768, filed August 26, 2002, entitled "Single O Milti-Layer Printed
Circuit Board Wth Recessed O Extended Breakaway Tabs And Met hod O

Manuf acture Thereof', which 1is incorporated herein by reference, which is
a CIP of United States Patent Application No. 10/184,387, filed June 27,
2002, entitled "Process For Creating Vias For Circuit Assenblies”, which

i s also incorporated herein by reference. BACKGROUND OF THE | NVENTI ON

[ 0002] Presently i s part of a | arger
panel . Each prinﬁggétgﬁﬁggggf g ﬁ*ﬁgb“ any shape, although
nost printed circuit boar de in rectangul ar shapes

of standard sizes. Wen fabrication of a printed circuit board is
conplete, it is cut and separated fromthe | arger panel, nostly by way of a

machi ne cutting or i ) which a chanpel is cut around the
printed circuit boapg- %ﬁgggﬁﬁpﬁﬁh<aB§P@ﬁ§Df¥ﬂBJ€ﬁ§Hﬂ$| around the printed
circuit [dvodr wlmgl Qﬁ;ﬁmﬂﬁﬁn 1@ Qr%hﬁﬁlﬁhéfn &%ﬁr@u&) ctfft@mteawtémta@erm %pﬁda@oﬂor inted
circuit _board sever al ?Paces around t he

peri net & & 2%%@%@?%5&8“&?@ @9‘?2? e‘HB]éii Slf‘%)‘e S MipdtirLayer Pyntedheireust Bpspd pénel
until t eitbRE:Eed ®r ERichdHd Bbadwhy P5Bst R NMahGPOr PRAGhHRY TREESI Mg he tabs.

Typically, metal planes in the printed circuit board do not 'extend to its
edge m&l@cqrh@weq\gam Wéef?EPEm%y"hﬂ‘}l?éS p &Y ioh YnitedoRiates Patpnt Apglicationdp,

conduct iyyagnesAlkidiulesit 2@spasach @?o&ef@o@@éﬁﬁg@%a& R6: @FdulA8EniiE LUl t boar d.
[0003] The existing nethods of cutting printe ircuit boards from | arger
panel s &Wé’1ﬂﬁ§hmﬁ§?%ﬁ@6PVﬂP@Vfﬁ@ﬁﬁmden5|ty boards because the |inited

di nensi onal stability of the printed circuit boards does not all ow

regi stration of one hi ghggersRrouNIRbFaHE hoviNigOReEXt on the larger panel .
Cut lines made around the periphery of the printed circuit board further

weaken #f¥2] Beesratly rraingsd; cipuit @@&&ﬁé@r fabriorpdie oreaf larast pol dfecpEntphit tern to
t he nextircdiORRAH calfh 8 63HR M8 11§M§rtsﬁ£ﬁ% aﬁgm&ei?m&@mﬁeﬁwmshﬁe@mm i nt ed

circuit boards rely upon therml conduction fromintegrated circuits
di ssi patFhijerede in @ﬁctaﬂ@lgrshmeéaf stpndarsd fizeso dYkentfebricpliqnoRic wited @Puit he heat

from t hgohiean@fifd it chiint Sepalldd frdth B TRIER aRel! APESDyQFayR@@mackiRe t 0 about
2 watts per chip, conductlon to the printed circuit boarg is sufficient to
cool t h&utting or routing process in which a channel is cut around the printed circuit board.

certain designs, the channel around the printed circuit board does not completely encircle the
perimeter of the printed circuit board. Rather, tabs are left at several places around the
perimeter of the printed circuit board to attach it to the larger panel until the board is
singulated from the larger panel by breaking the tabs. Typically, metal planes in the printed
circuit board do not extend to its edge where they would be cut by the routing process. In this
way, no conductive metal is left exposed on the edges of the printed circuit board.

[0003] The existing methods of cutting printed circuit boards from larger panels are
unsatisfactory for high density boards because the limited dimensional stability of the printed
circuit boards does not allow registration of one high density pattern to the next on the larger
panel. Cut lines made around the periphery of the printed circuit board further weaken the
panel material, exasperating misregistration of one pattern to the next.

[0004] Electronic systems assembled onto conventional printed circuit boards rely upon
thermal conduction from integrated circuits dissipating heat to the printed circuit board to
remove some of the heat from the integrated circuits. For intermediate ranges of heat, up to

about 2 watts per chip, conduction to the printed circuit board is sufficient to cool the
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integrated circuits without the need for bul ky and expensive heat sinks. In
hi gh performance systens, however, as the density of the system and the
percentage of the substrate covered by the integrated circuits increases,
the thermal path to the printed circuit board is less efficient. At a

poi nt whet ensi.ty . S i ncreases.sufficiently,. the printed
circuit bgtg%%gtlﬁ(g CugaE )(Véﬁ)%t:: ?eéééaté?gﬁﬂ%aftd % AR St ks &H%‘é‘? RY Fcuits.
However, tystenneaowéar, astieatehityeof thdreystenml and diecheedehtage bf BEmiNaRate Bévegdated
circuits to .the segbstr. te and t eggfr?mggg he anmhi ent, becones nore

i mpor t ant WfEEated FrquicRerraseh dpe themal pia do thegrinfed; girsuip henrd;isi levs offéRientd

hi gher  sygtaivimdaishite dadity of gRIsybterh eatfrébetubfidigiliy! e %}‘iﬁfeﬁgﬁcuimi re

needed for cogling the substrate in order to nmaintain e integrate
circuits 8t eliective s ar bgeb suk r dby integprtedacironys. tBowetentthe aeed] foG5kctive

addi Ui on b ReoRRlot6RRAHCE Hleeried Birdis OMIRRARERYSH crl ACLEAS LG
require | ow 1 npedance power and ground vol tage supplies to run e

i nt egr at edewines giorsingtortARipy sydters Kensgp ewtisses TRpecatisd dfjthe evvdutidCtiwmpdtighaes of
power and pRli I r . he use of |ow.ijpedance pass
capaci t or g%f%% %ﬁ%d&doﬁfﬁg ‘%8 g%ﬁﬁacngmg)régieﬁ%gep anes ?Ie&eed%gﬁ\?ecﬁf’ﬁ%%
printed csulstrate ihordatstp mapaibi ther mtegraeedcdrnie badhd euijsauerat andfgogitnthepl anes
t hrough vias whi ch extend through some thickness of the board, increasing
the i nped SATS™E¥S this contact and degrading performance of the system As
swi t chi ng [@SEIsaddhiohes g@rmallvendyetion|herh et forfddcs gyt ihePRERNGRQERNBRCT | Ons
bet ween bYIBass capacitors and the powej. and %ound pl anes becones nore

i mpor t ant PEBREPANEr BB IEPUnd e as F"é’?ﬁ??etoor@%i S Byeerted sipits ghbizhirdockbove
probl ens gnddt higipyhe BIOMhgbdREeRoRidwdt a6t mﬁ‘bﬁf,@f,‘fppp%gl"%\%% {01 EscOf
|1 C

nore printed circuit board | ayers each of as a conductive | ayer
whi ch ext 8hdeV tigpedaace YRS heaPawtors serngpP¢ Ho i the Pewst and izivund plansat ot

conpl et el M@n&%ﬁ%ﬁﬂ%ﬂd @fclinBirad 'c@ﬂacﬂ@ﬁs erd @(:)nne&tg@ 6@ ggﬁer?{{xéit %8urﬁio ductive

| ayer not covered by the insulating material can be on erl er (or
edge) of #eughrviigstvericle pritend through serde thigkaess of therboptde instbgeingthe ampedonashifch i s

utilized EQHR) &nd IiE ) m?“ i pa . rger panel, that

t he boar d’il:?ss ‘?[gr ne%la 1ta r m&%%?)ie{lfg ag% ?gglt%?s%%ltngh‘ég 8%%%%1 p%a%em?) as‘t‘ahg16
conduct i verobleyeef hakiumew imppdaneel canmertions befwkat bypasstcapaciiots mhéthe powerndnd boar d
| ayer fro connect ed eto or upon breaking the tab during

si ngul ati g}r?ﬁg(?&faﬁég%%ﬁr% °¢ r%?nrieil?a?‘{'board fromthe disposable part of the

| arger pa[t®o6] knvand thedefile, e tesitable tbroirnmentle @bo@problems B Cothdd by
termnate in.a recess.in th rinmeter of the printed circuit board. In a
second eﬁ’{%’dli”f?eﬁﬁ’fmtteﬂé"rﬁ?%%g%%e}??ﬁm@fmﬁr?é Bere ‘r“sgt%’fﬁ‘@lt UL ryELeAArd from
the peri nghRh haé atcbductive layer which extends to the edge thereof and which is substantially,

but not completely, covered by an insulating material. The edge of the conductive layer not
covered by the insulating material can be on the perimeter (or edge) of the printed circuit
board layer or on the edge of a tab which is utilized to couple the board to a disposable part of
a larger panel that the board is formed from during fabrication. The exposed edge of the
conductive layer becomes exposed upon singulating the printed circuit board layer from each
tab connected thereto or upon breaking the tab during singulation of the printed circuit board
from the disposable part of the larger panel. In one embodiment, the broken end of one or
more tabs terminate in a recess in the perimeter of the printed circuit board. In a second
embodiment, the broken end of one or more tabs extend outward from the perimeter of the

printed circuit board.



printed circuit board. -2 [0007] The conductive plane can be forned from
nmetal that can serve the dual purpose of conducting heat away from

el ectrical conponents di sposed on one or both surfaces of the printed
circuit board or printed circuit board |ayer and for providi ng power or
ground to | ectrical conmponent.s. e tab i ch extends outward fr.om
the edge &P%ﬂﬁ?é’@ﬂ W%V%H%Sg?ﬁ%ﬁ? %W%E@W g},ﬂ}ﬂﬁh&fcgo% @Srﬁluﬂé’%ﬁloéd to
a mechani cahdidtng Heg ave/ Bom afectical éonaknts disybdiet @nt dhe U WotilgurRcaadhE Or
the flow of heat fromthe printed cj rc(git board to externally coupled

mechani calPrivisg; ¢iras baped/os rpn%%HﬁFB’W Brard ayes 3dcdar ProBiRENE nogrer peserwtiatheal |y
conduct i n%leclh‘?éé?rcoﬁ{;)oﬁéﬁ%. Prinet &6 whitk W Een@@%ﬁ%arci %ﬁiﬂt%%%@é’e BE il §&bogl T Cui t

board | ayer can inclfude one or nore |andless through-holes or vias

ext endi ng eattodinens arinted pireuiebaged canhercoupipd trghmechaaisal faptetk @sd/ot 4 Jenjticahol e
or viais (N el f aGj.L (o]0] tive
mat eri al t%ereitﬁﬂ%ﬁ%&ggﬁhe%%ﬁegh&gn gyc%?%&%?%%?%@%ﬁhﬁ%g?%/émr?ag g i al
and t he f conpled arechdnidah&xtutes gndlor feaprevide electaicalipoivenito tha electricaliytdouéndiiagd on
each expo:}ede e g]‘the{fg%}‘rc .&Uar RY OF THE | NVENTI ON [ 0009] The invention is
a nmulti-| %F"g CREBEF ST U™ Board that is formed froma plurality of

pri Int gd ci[ocos] ][Eabﬁi@ﬁd&?i l(cBGB) bg"ﬁdtla}hea‘tmh bemide |oﬁa’iog aioeel %}dn&@ﬁ ﬂhﬁj’uigh-ﬁaléh oPCB
includes an elecfric co ctive, sheet coated w n insulating top

| ayer cove‘??snﬁ?‘t?)‘ﬁité“%ﬁlr 1) %r’t(‘?lril tﬁ%&'ayc%?mg@?%e%gﬁlé&nﬁfe%%ﬂ’sﬁgﬁ’&h PgViBdEt om

| ayer covefekifdblR ed S8 EoaRfe e dep6sifANTUchditBvEReRE Al thaBin] tAS Plit‘?érﬁiﬁg edge
| ayer covering_an edge of the conductive sheet and a circuit pattern
defined omd &g?hal& Aebrid coaguchye egterigbandghe formptioncqf thibreyehigle argjp wilhakt and
bot t om | ayedondhive Do lhdtexpbiti@hl a&oEI S sandwi ched between a top |ayer
of a first PCB of the plurality of PCBs and a bottom|ayer of a second PCB
of the plurality of PCBs. [0010] The insul ating edge |ayer can include at

| east one openi ng where at |§@W{Q§W‘OP‘°TH{EW@WF§@E@I\P“ t he conductive sheet
conduct or

is exposed. [0011] At least one electrical r, such as, wthout
| i mi t ati orl0009] ddwdurentiveisponulti-leye pristed ctrewit bodrg thebisrfermned: frem eipluality of

patterns - the ] o SHely 1 10 LN t 20 | rl ayer.
3012] " Thatsh Skl loifRiaees e KavPioBl itfed ol IR el S )
el ectri caleletndlly torduotive thieet doefed [vdthean ipfuliting top tayRCB veri: ate duefast ofthe
el ectri Calcoﬁ&{lc%gg gl?eret, gr'?intsu %tirl?golggt%rrpl ﬂa é{'%rovecr)lfngtalqgther surface of the conductive sheet,

an insulating edge layer covering an edge of the conductive sheet and a circuit pattern defined

on an outward facing surface of at least one of the top layer and bottom layer. An insulating
interlayer is sandwiched between a top layer of a first PCB of the plurality of PCBs and a
bottom layer of a second PCB of the plurality of PCBs.

[0010] The insulating edge layer can include at least one opening where at least part of the
edge of the conductive sheet is exposed.

[0011] At least one electrical conductor, such as, without limitation, a conductive post, can
electrically connect the circuit patterns on the first and second PCBs by way of the insulating
interlayer.

[0012] The circuit pattern of one of the PCBs can include at least one electrical conductor on
the top layer of the one PCB and at least one electrical conductor on the bottom layer of the
one PCB. A through-hole or via can extend through the one PCB. The through-hole can

have an electrical conducting interior surface extending therethrough electrically connecting

-3-



one PCB. A through-hole or via can extend through the one PCB. The

t hrough-hol e can have an electrical conducting interior surface extending
t heret hrough el ectrically connecting -3 the one electrical conductor on
the top |ayer of the one PCB and the one electrical conductor on the

bottom | a Ay rface can
be el ect%ﬁ%ﬁ?}éﬁ% gfngggﬁfgﬁﬁlt%ﬁ@ﬁ ecdtf??!c condtﬂ I:'K{'/(I}elgdet'!rll {:mbuct%

i nsul at i ngnt the dlspghmhlaly@ of élpecrne If@ﬁll:;l_[heTﬂecmcmi e:pmiuctmgl tirfterive m:ffaéehean be
t hr ough- ho nve 0|t|o dj acent. the.to er of the
one PCB to egw&gg‘:}’ f‘f"& I At er rre?d?la Ca?lﬁeco @p éfg?eqa}ﬁ'datl FF@“%B’E%

t he one H{}‘Brand can diverge fromthe position internedi ate the top Iayer
and the b ayer .of the eP 0 a position adjacent the bottom

| ayer of 3@@% tor [SBT(SiCE]Of Cg§£%188 SHRVeIgR drogy dRosiion pfjacquhthertomr
surface ofiayleher tharay QC‘Bh@'aan@ﬁBn M caRte tBE fpahier ahd s 'Bettérﬁ @d}k% BEmPYaL tion

internmediate the top layer and the bottomlayer to either thé position

adj acent &S shrap dixsrecdron the nosidipr iiermediatedBe foptlpver b‘@ﬁ‘i‘l@hﬁl@y tayer dfither oss

secti on, oaepeglteapégﬂ%a@&cehhﬁeb&%oﬁna%ro%m fReecy the through-hole can
have an outline generally’in the hape of a hyperbola. [0015] The circuit

pattern ofl0¥4E Iibferash seqtioBs oesnpide 9E Itltﬁd@t@OpISmf@qel nythgfthreilgx:hqie cai hmcmahJct ors
on the top, I C, ors on
t he bottomcllug%g’rlhﬂglf ﬂcj?[ﬁth%@)%mﬁ%g‘%}% @iﬁ@otﬂugﬁk l%eg%irﬁsg%&oé% ay%rxtf’ & e ’h"r ough
t he one P@Bsitidinedjademd tightoh ddyer onthe foaiien adpbm:t el bgttoﬂf laydrt Ol QRod3 Ge&ion,
conductors eX tend r el t.hr oy th h- conduct or can be

el ectri ca|°P’§/ Sm§os11 %5tt11‘er O ce’rasc Oe[?#%ﬁ Jii!‘ﬁ &fig‘ﬁgh%f‘ a‘é BF’SrgeW

i nsul at i nghdpeofaghpdibole | ayer whi ch is di sposed between the electri cal |y
conductiv and e r al t hrough- hol e ¢conductaors. Each

b ough- ha B L HRRT S PR tng L AR oy el Rl cooaeara sorighies

el ectri calbongandp wyelr oftthe biePC® Bnd @ylaralief oft M AL IRARI AR 4 e bBRoﬁtla ek SP‘St

one electrical ¢ XCt or on the bottom ager of the one PCB. [0 E?i

interior &Fresd v ghelE ghviR SR kg thgeone P& Jlﬁd@ﬂmladmcent
the top hLawes ;qﬁratlt@eopneofg@ﬁmw c@hdﬁ@tﬁfst LQthdidyt ﬁ{e%&}b@%hh EB& {ﬁ&cgnh%% and

the bottom | ayer of "the one can diverge fro e posi

i nt er medi gendupiee qaBpbe &ipemcalﬂw lqoﬁpéedacﬁionb wrthapiher dironghebole mn@@@rﬂmy ahe

position 1S ecti en,
one side o l?ﬁeé.'?hrr]%deéﬂll%?é ltg érpfv{"ice (E)ng é E%e oughg%%ec{]%%ég%%‘ ef'et
si de of t He platabini of thsanghdote efndudiersi Ragh ahmn@~hdic coghictonkban bayle&mdals_,pos ed

bet ween A hiftlelte® fto at least one electrical conductor on the top layer of the one PCB and/or to at

least one electrical conductor on the bottom layer of the one PCB.

{0016] An interior surface of the through-hole can converge from a position adjacent the top
layer of the one PCB to a position intermediate the top layer and the bottom layer of the one
PCB and can diverge from the position intermediate the top layer and the bottom layer of the
one PCB to a position adjacent the bottom layer of the one PCB.

{0017] In cross section, one side of the interior surface of each through-hole conductor or one
side of the interior surface of the insulating through-hole layer disposed between a pair of
through-hole conductors can have an arcuate outline from the position intermediate the top
layer and the bottom layer to either the position adjacent the top layer or the position adjacent

the bottom layer. More specifically, the cross section of the one side of the interior surface of



t hr ough- hol e conductors can have an arcuate outline fromthe position
internmediate the top |ayer and the bottom |l ayer to either the position
adj acent the top layer or the position adjacent the bottom|ayer. Mre
specifically, the cross section of the one side of the interior surface of
-4 the through-hol e conductor or the one side of the interior surface of
the insul ?ﬂﬁ‘“& ol PRIIRE PR %98?1‘3 gids o thg dntgriorsiitessef Ge irsplating thiqighhe
shape of opfe Bjd@aPhavd Al RRIE ehibrally QR R lnaR%f LAY SE bmaﬂpérgaia.so a method of
formng a nulti-layer circuit board conpri'sing (a) providing a plurality
of circui tl0®Arids inveaton sialowa mehod pfiforwingra mittigayer cetwtbodrd edtyyising (2)
conductiv : : t i ap | s i materjal; (b

form ng a%fr ?\B@?Eﬁ%ﬁl{lﬁg# )ég%ggt;b% g[tdﬁlle&{(.:&lhr @lrjdlu g{))%{i déé%pngyng%} r%leﬁ%“%u%econd
circuit orcontstinesheef conframeally certad witteandissulaing nfadgrial;| (Aydonaingadiritiacyit ox al i ty

of circuit _hoards.taogether w.th.an insulating interlayer. disposed between
the one ciTEd {heﬁgglflgg% ’ ng)ré%? SeEPCEept g%&?cﬁﬁeéﬁgﬁﬁcfrﬁmf Eﬂ?“gr gy (dhn g
second ci rantinking eleeglufaligabf yirew@n behis tbgbfe@¥thodn trd@afin}s i laly&9disposed
interlayer.. t‘%00]1_1??]00 Each circuit. can_ include at |east one conductor. The
conf or mal 18¢ea fhsPoe suerithqardand fae athprgirewt oard, and it the firg g8 sesprd @isais ng

where at |@asticapptdnnedie 6f @k idshietinakHeydrve sheet is exposed. The at
| east part of t%’g edge (g?yt&ﬁg conductive she%t can be on a tab that

extends f riB3 Fack PRt enBdnde 8 e pnsepsionr The eerforanally sentpdrinselating t he
circuit bqgsehial AOZRualhe 1dxst gﬁédopf‘eﬁfﬁg'vﬂf&éjgelegs? B{nﬁ LN le}i%é: Bfhk Q:g%(ﬂlctiv

t hrough-hole or via in the conductive sheet e one circuit oard with
t he i nsul ah¢atds erpoead; athe aftleaspart olothe edger afuhh comsluetivecthpet wet be on artatbthat or ned

on at |lea i - Of - . -] ing material in the
t hr ough- h%%gads?%‘geﬁlg%e% H? 1rt %E‘gﬁ?ﬁ%%‘g@g%@é&@%?tﬁ%ﬁ}“%%yéﬁéﬁ 1(r’\gclucl:ta Ofirfll “connect ed
to at | ead0020pdée owtivhdoo ainaifdet dogfoimalit coeting al ithrodghrindel oovia dmn the Thaductfe t he

first circuyi oard._and/ or to_-at .l east. ne conductor ., of the qne circuit
formed on® eg Ogt 2ol ecg%fbotaﬁgwéthe& ipRIe 68%%*5‘ [%g?ft ?ﬁeeg%lfgrcﬁ‘(}@?% an

al so i ncl wdeddetr varmige frmédioraktileast opordbest the calfbiynally ebatEmsilmpuaieho ke
conductors, on the. conformally coated i nsul atin terial in the

t hr ough- h(f}llee&’r%'ﬁg ofehr’glff’ 1e %%ﬂ“@@%ﬁd:ﬁﬁ %For(?&‘ﬁ%ﬁgfe frically FonRegisd oo deast ed to
at | east onec&@eEsTRe Bfst tiduif fornsdd dai dne Wid of fhe R direit BUAR sidde 1kt 1the
first circuit board and/or to, at | east one conductor of the first circuit

formed on °PRECTSEFar ofdheenegircpyi dormed ep thejothey, side phthe gne sippyitdpardn i nt eri or

surface o;[omp'rh@ﬁfmh-c&%%o GRdludeOOMBRY 8 ATy 3f BREHEIR s AR BEN i PP
surface of the one circuit board to a positioh internediate the top surface

and the beprdiorsey thacenfarmallyecopied inshlatng matstalkin thefbrauahrhdiey Eagethfoughn t he
posi tion Bl Beti@ &nt fiLelbQRcAN Eidhbited to at least one conductor of the first circuit

formed on one side of the first circuit board and/or to at least one conductor of the first circuit

formed on the other side of the first circuit board.

[0022] An interior surface of the through-hole can converge from a position adjacent a top
surface of the one circuit board to a position intermediate the top surface and the bottom
surface of the one circuit board and can diverge from the position intermediate the top surface
and the bottom surface of the one circuit board to a position adjacent the bottom surface of
the one circuit board.

[0023] In cross section, one side of the interior surface of the through-hole can have an
arcuate outline from the position intermediate the top surface and the bottom surface to either

the position adjacent the top surface or the position adjacent the bottom surface. More

-5-



and the bottom surface of the one circuit board to a position adjacent the
bottom surface of the one circuit board. [0023] In cross section, one side
of the interior surface of the through-hole can have an arcuate outline
fromthe position internedi ate the top surface and the bottom surface to

either the s t| n adj ac e urface, ar t cent the
bott om sufP 'i?‘% CrOS% SG¢ 8& %E‘f )?ldsét%éh CIsEer 15%‘5?8&"8%&’“%%%@"%‘} de of
the int er ingve iid cftrallin thb BRPGES diRlskle@dd hyfeabida.an out | i ne general ly in
the shape of one side of a hyperbol [[0024] The inventign is_also

circuit bdegdl ﬂhatquaevweg%ﬁ C@P@E%P?Iéatp?tyﬂ%lbﬁ‘fd&é‘t? lgeiricaly conduchyg é*erew th
an i nsul athagq 3R ah%ﬁfauﬁg)tb%rlhﬁgc&iéﬁn? Hhd @Qﬁc@éftﬁ%namegﬁéevanﬁﬁﬁﬁ{m an

i nsul ati ng bottom [ ayer covering ano surface of the conductive sheet
and an i ndaftemi ln:@r@dwnlgaay@ﬂwr w%éf? pﬁgleaﬁn@wgée gifect frdd @omenleting\adgefayer . The
top | ayer oh%d,]g d the
bottom | a;?g{r’ rfn% %H{r"%h&t&? %g?%lg}éegﬁ I nc Bg%egiﬁ%@ {;ﬁ%o#@&%ﬁ%& uc %{1

t hr ough- helestrizal uomiuctan aad(tthmdboﬁdm da@n dfhthe aineitiibbard ogandincliifie ah halentriffal hoI e
can include,a, thro conduct t endi et el ect rlcally
Connect | ngoRiie] AcHRERROR ob St renf iR PP hd, - fhethotab B ot
c;)nduct or lllliu’ludd“ﬁlhﬂmgg-@?ldc&m&l’ctor Blaendﬂag ﬂﬁi@:iﬂbl@h&lec&mﬁmylﬁinﬁéctmg gleﬁ@ectncal

el ectrica i sol ate omthe electrica conductive she an

Choul at | nGOMITBaG Haap LIPS it BTG Ua bRt it e bposbaele

i ncl ude atcoh@REdr cRNBe CREMHLAY WhEEE fidin he@FELtrRAl chtiudtie sh&ﬂgﬁ aRfnstiABn
conductive sheet is exposed. [0026] An interior surface of the through-hole
can conver%"@“%%‘#?é’f‘yﬁlbm tion adjacent the top layer of the circuit board
to a posi t[b&'%] TRk %sﬁﬁ%@%@getlgﬁ‘ertc%’ nic%é@rat a6 dnBephehd M3y %astogmtmhe
circuit board and can diverge fromthe position |nterrred| ate the top | ayer
and t he betgoehthe eapductre shegdiscaxpesgflt board to a position adjacent the
bott om | aygr6Pfant; I of the
nteror - o3kt bl GRS oDAPUHoy A bl dufirRERon H ok sl ol | o
posi tion ilmeepfré)dlcawt bchaed tm@pba?@carmmeilﬂe thegop tayet aiche batoi tayerofithe
positiona nt .th er._or, the.position.adjacent the t | ayer.
More speci” E 7d ' cr(ysersé/sﬂeoc][fl s posn?onoléll%er%edsl?t é@e% 1%%@ 1?1% ?‘g}’o
surface oﬂaytehefthémmug&bolatdltea@@mtlhmad;ac&ntbhelbbttdnelayqe:fﬂreahﬂcmtbmd he shape of
a hyper bol 028] The. top |ayer .of the. circuit ardc i.ncl ude

o1yt (B A R s Sehioto s St 6 e iich suitier iribf dyeRorold fet Brveoe

board can atduedewaiflingd fivhil thalpokisio® int@edibtel thddop CDRE bt 18E Bottoll Bryer-to either the

position adjacent the top layer or the position adjacent the bottom layer. More specifically, in

cross section, opposing sides of the interior surface of the through-hole can have an outline
generally in the shape of a hyperbola.

[0028] The top layer of the circuit board can include a plurality of electrical conductors and
the bottom layer of the circuit board can include a plurality of electrical conductors. The
through-hole can include a plurality of through-hole conductors extending therethrough.
Each through-hole conductor can be electrically isolated from each other through-hole
conductor. Each through-hole conductor can be electrically connected to at least one
electrical conductor on the top layer and/or to at least one electrical conductor on the bottom
layer.

[0029] An interior surface of the through-hole can converge from a position adjacent the top

layer of the circuit board to a position intermediate the top layer and the bottom layer of the
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t hrough-hol e can include a plurality of through-hol e conductors extending

t heret hrough. Each through-hol e conductor can be electrically isolated
from each other through-hole conductor. Each through-hol e conductor can be
electrically connected to at | east one electrical conductor on the top

| ayer and/ gitciOp $in enere! t a

[ 0029] An inter |%lrrrd gﬁ?f ace o tjﬁgﬂ Eﬂﬁ?@lﬁﬁﬁﬁgﬁd@égﬁa&ﬁ@ghgﬁgg léé%t %gd;}nbleéb p8’§1| tion
adj acent t K¥ex ofghe ¢irppitibogd to pgositiqnadiace ¢l bttom lavepoﬁihblcmmnibttaﬁi medi ate the

top layer fjdof BEcR0! LQAbL BHRT i of B8 miieﬁmc L BYLt & of E@aﬁ%‘e'{a@ﬁﬂﬂo an, dj ver ge

fromthe position internediate the top | ayef an 9 &8PefavEilt he
circuit boatcdate gumF)@sntllh@poau}m@nnecmtteﬂtmm tayred anyl @lie Kti‘ttoinl‘ll@yegfltds Githiek wlaoar d.

[ 0030] In sectio the interior surface of th

t hr ough- hoﬁges(?tgozln AV ”gé top Xeﬁé’tr ghed?.ﬁt’ioﬁéldjlaF%ﬂ{er@“B@slﬁﬁro M‘Prﬁtsé?cf%@ﬂ&t e
the top | aheonaside bhﬁe lons ﬁHﬁfthﬁMEﬂie eeridl stk bhge ﬂﬂ&%fﬂo%aﬁ%@&ﬁfﬁutﬁdée top
| ayer or the bottom | ayer. Mre specifically, the

si.ti.on adj
one side ogenfﬁgly&?%§ %‘?JLO?PB?\SIQ ok yPFReRr i or surface of the through-hol e
can have amosutlisag, thd anRA@d ¥ ainfetidiSrSHARRe chu&m@bo%&dj&nﬁ’ﬂnsﬁag@oong%na
|

[0031] Lastly, the invention is a nethod of formng a circu

conpri si ng? CHFUpheeiddhagns a rqughrbeleperarig therptbegpel; (W) cuginmally ecoatingy tia
th th | heet ,
er et hr ougbotrié4y Edh@ﬁ&fv'@éﬂeé’t g&i’&%&g %hﬁteﬂﬁj ﬁﬁ aeh G@! ttx%t n&“&é{%}’\g{t ce

including an intérior surface roug
mat eri al ; neylating metagela(cl Swainstanondistasios og¢ ide of the benforandly cozbd Me@ﬁ@dﬂ@d

electrlcal | er. .copduct o t he ot her
si de of théedﬁggﬁggglr{r%h@? oatg OghIgl)ec({ (ral{léz%ﬁn% #ﬁﬁé‘fi? 95 1¥8 rm Heeogtest
form ng a ¢léntaealit-donthectivorstientt ond @h forneng lastbioagh-hge BdREdradn {18 ih&ifating
t hrough-h he, thro I ectrically conpecting the
conduct or O%ﬁt liu%]e%%)nte‘gs gg% fhég%gﬁﬁogm&fay CSEetay eichlf‘?]rb( cCHIPSEtiag nlact i ve
slheet andI <folnéuctm0mdd thet @re s@dlb bhide @gﬁl@fmﬂlyd&)a?a‘d él%déﬁ?fcleﬁdc}ﬁh?é’ steRhROthe
el ectrica nduc et tep (c) can include formng a
plurality (5%‘1%‘% f‘ etcfféh%“r?égoé‘%“@i” iediseeotrically enndutivg shesat ed
el ect ri cal 0932 FehI¢d) m &i&ﬁﬂ% fohi@p g)uraﬁp dfn&JnHﬁ]&orfsoJ 9ofk Rld fo%* by of
conductors 0 h]‘f ot her si de_of the_ confornal coated el ectrica

Zeelly & %

conduct i ve® 3l qlefrically gondyetivegbiesto Siaprg) eangnelndd formyingfa rthhalmyg)lﬁ hol e
conduct or Sscoffudidi€ oh ﬂﬁ:LHtﬁér Is1#8 o@%%ﬁhﬁhnéll} doBd e{eat e B8 Bive ?ee Step (¢)

t hr ough- hol e .conductor can be electrically 1so fromeac
t hr ough- hdP® iRcdideferming ampiwnlitynf shrghetnbtle conshidiont @r the anrsublang Inemetrral matht y

connect ed tﬁ;%ug{-holheaﬁichofﬂf'odéﬂ %Qiééﬁéo%u&& Efero @%ct% g?y isola elaefrgngngaglrl othe | l y

coated el ect rically conductive
through-hole conductor. Each through-hole conductor can be electrically connected to at

least one conductor on the one side of the conformally coated electrically conductive sheet
and at least one conductor on the other side of the conformally coated electrically conductive
sheet.

[0033] The conformally coated insulating material can include at least one opening where at
least part of an edge of the conductive sheet is exposed. The at least part of the edge of the
conductive sheet can be on a tab that extends from the circuit board either within or outside a
perimeter of the circuit board.

[0034] An interior surface of the through-hole can converge from a position adjacent the one
side of the conformally coated electrically conductive sheet to a position intermediate the one

side and the other side of the conformally coated electrically conductive sheet and can
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and at | east one conductor on the other side of the conformally coated

electrically conductive sheet. [0033] The conformally coated insulating
material can include at | east one opening where at |east part of an edge
of the conductive sheet is exposed The at | east part of the edge of the

conducti ve,. shee a ta ext s _fr pard. either
within or BYFE Hem 88?1 R fgTIG Pati‘ rgﬁliletan otger 8@%ﬁf Hlﬁtncoﬁ?tué‘gl% r
surface ofcobtbe etebmughcdmdhﬁweeshear o6 @bgidord adjment thesitttet gide ad fircenforhbigy one

side of the conformally g@ate electrically conductive sheet to a position
i nt er medi £ flectHpdly QPYEIIREFhe ot her side of the conformally coated

el ectri caly bossg%t%;& i¥ioBhess sidh@f G inteFiod isMEE@Eo ! the Fhibhigh- RIS ekt GBve an
internediate the one side and the other sjde of the conformal |y coated

el ect ri calarspatsoniins from thepetitienvingergedipte itmongiside and the ipthepsideto sitee the t he
conf ormal | Ig 3 tion,
one. o1 do. diE MitaPliBhe il or e LRnE R Ry o0 Rlord BB, B8
out | i ne f rsidadfiie qpossistdtion camhzenemdutanegtmmllarmeﬂ@ﬁhhpeaﬁdnetdm ataliyperbolde t o
either the position adjacent the one side or the position adjacent the

ot her side. Mre specifically, one side of the cross section can have an
outline generally in the BRIEFOESCRIREIGN OF THE DRAWENGS| a. BRI EF

DESCRI PTI QN THE .DRAW NGS [ 0036 t t f
& pr 1 nt ed VLTS ThoAPeMa RO Rop P e L BB e G aprarorees ' °

sur r oundedoR¥uctite iphidl @irioRGddiabE rAnainsilatirC GRfefiaN &€ avtdrduntd Gvifh Reprlesent
invention; [0037] Fig. 2 is a cutaway perspective view of a portion of a

printed ciipYaiiPhoar d | ayer of the type shown in Fig. | including a
circuit pa[bbﬁ] Fig. ergrsgut@wa}t pespeuﬁm@lv Bﬁ&bcﬂﬁo§ HffI ?&ﬁ& citcR b6&f taykp&%ﬁt

Figs. 3 and 4 are plan views of panels having ent circuit "board

| ayers f ortsiesdshovmeeFigorh Hﬁl“ém%% g PHiterh ﬂtfﬁ@d pﬂneﬁlé rRutwd dpeing Furfgge39]
Fig. 5is ﬁeﬁtan view of the panels shown in Figs. 3 and 4 | am nated
together wt the circuit board layers thereof in regi stry; [0040] Fig. 6
i s an isol[0038) Figsad anilemarefplan vigws mﬁpmlﬁWIM&bmnﬁ ircrit poard Jayeredformed i | i ze
to connegl their ﬁ?ﬁ? di sposabl e parts of the panels;

[ 0041] Fi S&I |n§1%%c°f)so %t‘gl Lne%%(/n(-{:%glve% he tab shown in Fig. 6 after

br eaki ng i[0039% $pise atptan view of the panels shown in Figs. 3 and 4 laminated together with the

circuit board layers thereof in registry;

[0040] Fig. 6 is an isolated plan view of a tab which the panels in Figs. 3 and 4 utilize to
connect their circuit board layers to disposable parts of the panels;

[0041] Fig. 7 is an isolated plan view of the tab shown in Fig. 6 after breaking in response to
the application of a breaking force applied thereto;

[0042] Fig. 8 is a view taken along lines VIII-VIII in Fig. 7;

[0043] Figs. 9 and 10 are plan views of panels including printed circuit board layers in
accordance with the present invention;

[0044] Fig. 11 is a plan view of the panels shown in Figs. 9 and 10 laminated together with
the circuit board layers thereof in registry;

[0045] Fig. 12 is a plan view of the laminated printed circuit board layers shown in Fig. 11
singulated from the disposable parts of their respective panels;

[0046] Fig. 13 is a section taken along lines XII-XIM in Fig. 12;



the application of a breaking force applied thereto; [0042] Fig. 8 is a
view taken along lines VIII-VDl in Fig. 7; [0043] Figs. 9 and 10 are plan
views of panels including printed circuit board layers in accordance with
the present invention; [0044] Fig. 11 is a plan view of the panels shown in

Figs. 9 a .am nat t “] the.circu t- boakd | ay thereof in
registry; qﬁ%ﬁﬁlg '491.S a%ganl ‘gggtogia%ngm eﬁdolpﬁfr%gdlcgj&&ﬁg?aé%?agre 1%risg Eé‘gn S Feui t
boar d | ayerswithasrtainnats theretfl complatigtol amedinfing fixtune asi sihsebthia tpboy thereof

t heir respectiye ggeqel S ol 046] Fig. 13 is a section taken along |lines
XII1-XIH icﬁuﬁ%f‘o lecti FH8%7] Fig. 14 is a plan view of the singul ated

| ami nat ed {0048} Wif. 13085 Grdsayestions RMVidwA ofFihg lamih@tedVbiifte€ efbudi Bbat@lagerd ber eof
coupled to_a mounting fixture and with certain tabs thereof coupled to an
el ectri calFigi k2 upeudipgeugpptiongl ingulaing interiayess dispeserl dherebavers vrbWiss 2t he

| anmi nat ed eQ_El'nPfaﬂd c&iiduGH HisPORE GhbadETS iRfulatfib Intedayel 76! HUAGIF BN
insulating interlayer disposed therebetween and with an exenplary

conduct or cicuip paitagns dnrtbergppechee privged anchitjoarglayersayer for el ectrical ly
connectin 1 G LI a ns;.oN : " (o 1 i .
| ayers; [3891%’]] %gfﬁ %6£ it"g“a%ﬁ a(r)l11 \g}?és\r/c\)/?%%egér? 1%58 At %{%’ﬁéhegﬁ%ﬁb%afrgg%?i%t ed
circuit boecddimmyerith the paesent taentionwidlhdinge lgrddsse througivien¢ (arvidnisdvirgi og a
| andl ess t hrough- hol e I Vi ing a single through-hole conductor

t herei n; [S&%%%’%ggfm]fgfgfl%mggéheegﬁ’on taken along lines XVII-XVII in Fig.
16; [0051][0630) Fid.87iisa sectidrataken Aongifnea XWII-KVenFig. ¢6j t board | ayer in

accor danc i .t present. inventjon.inc] udi a -l andl ess .t hyough-hol e
Cor vy nafimdie 58 FFow ot Rplsdismer oo Bifete siedosne putndbe B ooez)
Fig. 19 i Snweng6gtihandib@kenndleanthrdighesleX(of- vib¥hivindiaOpluf@ity oPkbhdibhdle
DESCRI PTI ON OF THE | NVENTI ON [ 0053] Wth reference to Fig. 1, a printed
circuit bogpdpctorytheremiight| udes an el ectrically conductive sheet or foil 4.
Sheet 4 capodg Hi9198d: (L0 @KGPIRRY i@ KIX->aK ih P11 ckel alloy, or

conbi nati ons thereof. Sheet 4 can be a perforate sheet as showmn in Fig. 1
or can be a solid sheet. It is desirable for sheet 4 to have a coefficient

of thermal expansion cogppsgil PE@CMIOI\P@F%‘HE BeAENELRf | al s from which

integrated circuits are typically prepared in order to prevent
[0053] With reference to Fig. 1, a printed circuit board layer 2 includes an electrically

(@]

conductive sheet or foil 4. Sheet 4 can be formed from a copper foil, an iron-nickel alloy, or
combinations thereof. Sheet 4 can be a perforate sheet as shown in Fig. 1 or can be a solid
sheet. It is desirable for sheet 4 to have a coefficient of thermal expansion comparable to that
of silicon materials from which integrated circuits are typically prepared in order to prevent
failure of adhesion joints utilized to adhere the integrated circuit or a packaged integrated
circuit (not shown) to printed circuit board layer 2. Describing sheet 4 as perforate means
that sheet 4 is a mesh sheet having a plurality of through-holes or vias 6 spaced at regular
intervals.

[0054] An electrically insulative coating 8 is formed around sheet 4. This coating 8 can be
formed around sheet 4 in any manner known in the art, such as conformal coating. More
specifically, coating 8 forms an insulating top layer 10 which covers a top surface 12 of sheet
4, an insulating bottom layer 14 which covers a bottom surface 16 of sheet 4 and an

insulating edge layer 18 which covers an edge 20 of sheet 4. When sheet 4 is coated with



failure of adhesion joints utilized to adhere the integrated circuit or a
packaged integrated circuit (not shown) to printed circuit board | ayer 2.
Descri bing sheet 4 as perforate nmeans that sheet 4 is a nesh sheet having
a plurality of through-holes or vias 6 spaced at regular intervals. [0054]
An el ect ghgilgl 8 dnninteriat swce o0& ERMGIBPUES Py Fel? Qriv @il ‘SRERL™ 2. “"THI's “coat i ng
8 can be fornmed aro eat ' pediaek. known in the art, such as
conf or ma/The® 2EiDeEH1o ?ﬂeeﬂg gl&ﬁﬁ?‘!@g\ﬂ?@?ycoatl@ng 8 forms an, insul at{)cggqtop
| ayer 10 [w]ysi RV RRYEEencR t6 Big. 8 umfl adth cbatimfingivésence i FignL.ipratel SFPHY tom
| ayer 14 I Ch covers a bottom surface 1 S - a0 fornidaWnahé NY
edge | aydayet8 ﬁmm@]mctb?/é\"g’eéiﬁscé’gﬁ‘imfﬁmcgfcg%ﬁé‘éeti]zgl&%g%rbgﬁeet04 i s coated
with -9 ¢ a%é’%&’ciﬁ%s&fécé Bt @b i1&er S0 EAEGEhO busach g uftrergdetion 1 ld i s
~=uu==s T

arso Cuat® hus,” no _portjon of sheet 4 .is, ]| : d by
coating &y Jod0&Rionkl trhcasess.e Spericaily, WHEDELXDC 0 PAF ?]ﬁo“%%]ﬁ?ger ‘I'rlffjhlléjn%g’;}?%ﬁergence

to Fig. 1, printed circui L aseihe? cdrdnsed partetnhexnabio fermeé sur thbed
manner ca@M9hREeOL K ILE uﬁz\?g&gg%%%lrhn formed on the

0 tmr%faoiﬁr&g gfyrface
of top | ayewakiGaangbafact bEtopuayeaidl apder g OBTTFhBENEFIHREOEIPTAY &1 by

conventional processes. Specifically ikl dzPOLHOIBE o@lvidD64, plated, blind
phot ol i t HBjp foRfEctve AHFGUEE macngeoar%epl(la!)trre rmreE]%et all'ization I.ecqn%qugs, t he
conduct i V&&%ﬁl}ﬁ[é@ Saviabes-1,ommivnt piated Hbroughrholay @1 f4Rsi frg- s of ' 6p
d

| ayer 10 and/or the outward facing.surf ti9mih & Yedondwbtive PhiteEn,
conduct i vesgprdingeformation %ﬁﬂqﬁ?ﬂgc’fﬁﬁ‘gpqoa de%%rhér)gﬁcg - hol esgor Vi asw%:ﬁl, | at ed,
blind t h{ngglgﬂlg@e% e ¥T @6 verics tame bbthrgightholps oh vies §homiepdayen L0 g1y 6- 3.

al” detai '

Addi tion S regarding fornation qf pri i 0Pkl Efndndyer 2
and for fbotimipyar Hoembstiowe %M-g’u‘;ﬁf“ RP*%E’F‘E‘H% %ﬁgﬁg lgfl%lﬁ’é’rs Zo%f the various

types of gﬁg&ogg@@aalﬁécegg Fof @leathg Vs FopClrayieAssehbliest/varich lsostigreditaghs 14
can be fo inU'S” Patent Application Seku al No. t%ﬂée%e%l S”,g%ereg‘l o ed June
27,  2002samaAdigred a8 Pepresed applicatid WY CRAS JLORSFY IR pY RS [ideeﬂrsxr;j
which is igned t o i gRSed 8Sclit Wafl leg@n? imp phriet &trincan

which is i@?g?gﬁ?g{egﬁéaﬁ%}%fﬁg%;%? gr ence. [OOS?J Tpe I};{ﬁﬁa%ai | 9N 9f4 One
Of NOre phidef®ly 6f pinuil tprintedrairohidypertd 2y 1o [G5Eine P EG1AYP b redishosrd,) y of
plural pri nte%p,ci L ui t %9%5190 lhayers to forma nulti-layer printed circuit
board as@&BY WH 1OheSE Wescri bed. [0057] Wth _referenég ﬁo Figg. 3, one
or more fippgdy) Wik keetenderto Fig. 3hone or PPEH)S! pryedscinpit board (POR) 1aYSEY 48 part

of a panel 32. Each first PCRB,I r I defbub¥edaydd GiRgssatlt apar t
34 of pandwbrppated|as PaF o5 A PN Zvﬁégh Pﬁsgpgr%elgz%t3@?ﬂventi oen, ycej%ach fi rsf9 PCB

layer 30 i3§l cﬁ%‘dﬂél%@ Tn accordance with the present invention, each first PCB layer 30 is coupled
to disposable part 34 of panel 32 by one or more tabs 36.
[0058] The general steps to prepare panel 32 to the form shown in Fig. 3 will now be
described. Initially, a first conductive sheet, like conductive sheet 4, of the size of panel 32 is
provided. This sheet can either be a solid sheet or a perforate sheet depending on the
application. Next, cut lines or slots 38 are formed in the conductive sheet by pattern etching
or a machine cutting or routing process to define the perimeter of each first PCB layer 30 of

panel 32. These slots 38 are interrupted by tabs 36 which hold each first PCB layer 30 to

disposable part 34 during processing.
[0059] Next, an electrically insulative coating, like coating 8, is deposited on the conductive

sheet forming panel 32 in a manner whereupon the top surface, the bottom surface, and the

edges of the electrically conductive sheet associated with each first PCB layer 30 that were
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to di sposable part 34 of panel 32 by one or nore tabs 36. [0058] The
general steps to prepare panel 32 to the formshown in Fig. 3 will now be
described. Initially, a first conductive sheet, |ike conductive sheet 4, of
the size of panel 32 is provided. This sheet can either be a solid sheet

or a perforab&ashiesl HERGRALEHY 0P Bl a%%lvgr%@tﬂixe?& N, cﬁn%.lctwens Set%
slots 38 are forned in the conductive sheet Dby pat?érn é%c I'ng  or a
machi ne curerforaie,dhe pleeitirally ipsudative soatimgohisol qomers e iperionetriate of eaehdlrofigly st

PCB | ayer . P I Jhese sl.ots 38 are interrupted b aps .36 whi ch
hol d each o?er §{ Vlﬁcgﬂﬁgglglrgn’fbé]?%’ an; botBw wriaces apd tﬂi&e‘fég‘? Ptgﬁ‘%r'%’cgé Q?ff?ﬂ‘j‘.i

5 0059] Ngxdu,ring[]the feraiatiore af blytsi I8sdahadlsovies mate'arbgl, thé keleBtricABt inBlatBre V\%oiting.
eposite n the uctiye sheet fornj panel 32 in a manner er eupon
the top surt*de® ang ﬁ&g%‘?)?‘%%ﬁ?%a&ﬁft%f‘c ,ge%%agﬂ?é&%%b%‘* drtined duggslormationlofy
conduct i vesl§he8tcad 350 Weddverewiviith B8 G chichiy irﬁﬁﬁtw@a&'ﬁnéo Hok@ er""?{jée's fiot0
exposed during the formation of slots 38 are covered thereby. | tf’ue

conduct i verediess: Tygicalhn hoyewareall ofifhe edasstsirfaces pyd, iifiged ae prowidsdathe frgerivr s o
covers theyi i 1, f S r. Vi ddi tio t he
EsubAEL bF @hchS Wial GFChie UonGRGPe tsﬂée?‘f%g)gﬁéi?jazﬁar% 6co§%x?.fl nﬂg'gth% gLd caﬂy h

top and bottom surfaces and the edges o uring the
f or mat i on isfulaiverceatd®. can al so be covered by the electrically insulative

coating. . t : -1 he .of . di,sposabl e part 34

ot noq. adPUey s ekaR e LB S Mo BRGE @RI RIRFioR RS g i

el ectri calthy artremud| deséribed o dite stgve-enefiat Unitéd States paeht apptigationsdcorforpiegal |y,
i the interior

however, all .of t edges, ..surfac and, 1. ias,are provided, .

sur f ace 01(?h €At y\;?tgreg? ?Iﬁémﬁﬁeﬁicf c‘fa’ﬁ{}eeaé‘:ﬁ%‘g{p mp%l(ﬁ ong0r-fHoth 869”&%‘80969 t he

el ect ri calsugfaces nsfUthatelectricaity insaftivé 04k d¥pudited RACHO | JotttAJSARBI GeddiQAESSI NY
techni ques_and netal ]ization techni_qu no in +the art and described in

the above-SCHEHHYE F}éeﬁlacﬁﬁ?cfaé?fp%f’aégﬁgﬁﬁzjﬁ a&%g ication incorporated herein

by ref er erfoes1aeedthi rstZCB 12308 isNGady o hbtler BAGSSaReAU00R fHARAQhe DR N Of

t he exposed urfaces of the electrically insulative coating deposited on

the porti c?ﬁclb?mf ﬁé%w&é? b spusulabsidnen poke! 3h By erniyas e besekue dbich teeach
first PCBigwnye Eorﬁn@etir{g%éﬂ-hrs& i’CBQEﬁr Bh ks Hisﬁo@%lg g%:ﬂ'ﬁ 54%..3ﬁ0%v§\§é§§ﬁ¥shfeg,rq‘¥gs?

after circuit pattern 40 is forned thereon, irs ayer °Can be
si ngul at edngre gadipapad laysstaf elgsigicpiinpsalativeecnatingy(npbshoem) endecicduit dattm8 Got
connect i ngpeaoh.fi s 0 di s e 3,4. wever , i f
desired, one o)?c n%r_zorglggioiv?%%ﬁuﬁl %J;tgrrnshggg @Flglcet‘r’%%gg% 1 erisnosu‘flracf’lﬁ\pém%%ti ng
(not showdtergaunestedgniat desiied mamr (tibzing showendionzh prooessésor Tiedeafeereach Heswi t

pattern 4q>CBWiaS'g' §(f]§anvt?er &il?é‘{ﬁattlafﬁgﬁlspa%l ﬁ lgyc gﬂptlyigga 5 tmeegjgi?xg force to each tab 36
connecting each first PCB layer 30 to disposable part 34. If the breaking force is applied to
each tab 36 at the perimeter (or edge) of first PCB layer 30, i.e., at the boundary between tab
36 and first PCB layer 30, a portion of the edge of first PCB layer 30 where said tab was
connected becomes exposed. More specifically, separating each tab 36 from first PCB layer
30 at the perimeter thereof exposes a portion of the edge of the conductive sheet of first PCB
layer 30 where said tab 36 was previously connected. ‘

[0062] Alternatively, each first PCB layer 30 of panel 32 can be laminated to a second PCB
layer 42 of a panel 44 shown in Fig. 4. Panel 44 includes one or more second PCB layers 42
connected to a disposable part 46 of panel 44 by tabs 48 defined during formation of slots 50
in the electrically conductive sheet of panel 44 in the same manner described above in

connection with the formation of slots 38 in panel 32.

-11-



interconnected in a desired manner utilizing conventional processes.
Thereafter, each first PCB |ayer 30 can be singulated from panel 32 by
applying a breaking force to each tab 36 connecting each first PCB | ayer
30 to disposable part 34. If the breaking force is applied to each tab 36

at the per .e f. f|r t P e bounda

et woen ¢ Ao gl i sl b fnerit Fenof on B, ctrdipis gy dSrsity Picel ”

| ayer 30 wacihe: gahdr mhrempcm theodip"lﬁﬁfaed tbebmmsm&p@&&dmewbg@ oFReLirich Lyl | y,
separating each tab 36 from fi.rst ?,‘6‘3&25[ t he perineter thereof
exposes a PBUGIYR shyet arracialsf ovidy cachescerdid laver &h &t were sxnosad pone thayer

30 where &ahﬁatfo%f@l@tsvy@sﬂr@é&ueawﬁérabyc Qﬁﬂa@@éﬁqcm{e@,ﬁ&zls p%l%ﬁ'i@ﬁfe'e‘l’e%{riéaﬂfacr‘
first PCB | ﬁer 30 of anel 32 can be lamnated to a second PCB |ayer 42

of a paneli txyh@mw smcgverathemaﬁ!écpr sudaqe o pashidisrovghebale onve-engdditing, theB
| ayers 42, B Ogﬂ u%ﬁce%aﬁﬂ%lféoe?i%@&eg b 48 4 eeaﬂﬁﬁgdééf&%aﬁaﬁéfsﬁs fined

durlngfor ts 50 1n"the electrically contluctive sheet of panel
44 in the warbsormmorsred by the deafricably\iesulative eanting c tthe topwandibottbis stltfamhh@n of
slots 38 i n 2. - [ | | S i coat i

deposi ted tgng eseof:% l‘%lég ? ‘?’é?ﬁﬁ%%’“l“% %Si?%w&naynﬁr?ﬁg?ve

the top suhé aleetncilhenmztttve rosgtittgf ddevever thihis et gmairef. Byppeily) ]ﬁﬁ\lfelvyr, a11 of
conductive, sheet associ a eac cond. PCB.l ayger 42.t e exposed
Goring. t ndhe KRS 702 W8 B e BIRei TPl rack Fiah e SORUGERT o
sheet is paedtorpiml 44 he coVer&d by @ kleytricAllGbduddtive Boi@al i Ng al so covers the
interior surface of each through-hole or via. In_additjon, the

bot t om surlP%4d Eagh geqopd PEHy layer 2 bag B Gizgpt paiicyR P2 Hepmefen Are P’hE"t%‘g}frFH?l on

of slots 3Qpokdnsdhasl @ﬁﬂfeoé’leétﬁ@alﬁry 1&&6&@ %ﬁ%%bbéﬁeh nsu bt § dfﬁox?%@tthé‘g
The top and bott om surfaces and the edges_ of R%osab e part 46 defined

during f orehastricsHy epndiicByss shegt assacialied dW@eeaéb\F@“rO@él B fayer e &f desiredscearh y
i nsul at i Ve coathEg 1afdP W8V, ’m&PHé oh of Blord SHid, %fjlayg%mtcéﬁclﬂcau Hfibe al |

of the e ges surfdces an vias are provi e interiof Suri ace of
each via @bamnmaudm@uttpawns foivwed ovdr cpawibpatiém 3, e?\/lthoﬁhervambubyaymeof circuit

el ectricall er 42 has a
circuit pa?t eerrl'1 %g‘lig#m\ré%%%&%é g%ge%rg%i}ﬁgﬁzﬁﬁg%%é@%%%%&e%”aces of the

el ect ri cal[pgo63)] N¥iih atferemceco&ig. rﬁganibwuthmngdng)refcirém;ep@ﬁgsoh amf 4.tpagels 32 and
electrlcallyc n cti sheet .associ at wi t h.each secon er 42. If
desired, E4cH Qbs ¥e§d§g‘%§ er %?aﬂré?ﬁ??’%%? &SR 8 ?%&ﬁ%&#ﬁ?’%’ﬁ%f’g

| ayers of pokigichdd ma:bglsm'r wsthl Iaaa‘oh\t@onmagtsedagd m? leyer @Qith fgrat 4 ennslaj@rmasl over
circuit patt ar i ers of circuit atterns

it o1 ConnaBteBthy RO+ ABPREHE der Rigb Ry 137 by B0 s o e o8 duee

electrical connections between circuit pattern 40 and circuit pattem 52. For simplicity of

pon

description, the formation of these one or more electrical connections between circuit pattern
40 and circuit pattern 52 will not be described herein.

[0066] As shown best in Fig. 5, tabs 36 of panel 32 do not overlay tabs 48 of panel 44 when
panels 32 and 44 are laminated together. In this manner, PCB layers 30 and 42 forming each
multi-layer PCB assembly 60 can be singulated from their disposable parts 34 and 46,
respectively, independent of each other. If desired, however, one or more tabs 36 and 48 can
be in alignment with each other when panels 32 and 44 are laminated.

[0067] Each second PCB layer 42 can be singulated from panel 44 by applying a breaking
force to each tab 48 connecting each second PCB layer 42 to disposable part 46. The
breaking force applied to each tab 48 can be applied at the perimeter (or edge) of the
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[0065] Wth reference to Fig. 5, and with ongoing reference to Figs. 3 and
4, panels 32 and 44 can be |lam nated together in a manner known in the
art, with each first PCB |ayer 30 positioned in registry with a
correspondi ng second PCB | ayer 42 to forma multi-layer PCB assenbly 60.

Appropriate techni ques he art _c tilized t rmon [ nore
el ect ri calCouERARERE S?fé’n(gg%é 42r L &t t&g?p@qq%ryu?pt\gﬁ@ @b 48@?1 seropd Z)IQ%

For si npl '1:%}6} Y420fﬂler5t%5 E;Eﬁoﬁﬁag% poitd8 OB rbetfecéIﬂﬁ?@BOH@eIOM 88.e more

el ectrical "connections between circuit pattern 40 and circuit pattern 52

will not ertisuladyi beertioneidhe edgemd ey copduciing seetrisecand RGRylayes 42iwhisse il of
panel Q:?o w&’ﬁ@é%h %&Qéctéhg of panel 44 when panels 32 and 44 are
oget

| am nat ed I's manner, PCB layers 30 and 42 formng each
mul ti-| ayQﬁO@Wﬂlssrefw@lnye 60 Ban hendi ‘houldateltl ¢angnvinp eleforafice o skibs.e3Part s

34 and 46, ﬁvpe Ct I 8%2?6%8&’ %dgﬂhorgftabg%g gn%’ﬁ%'ﬁt{tﬁe éémw%ﬁ} (ﬁlgégigv\j;%é/ er,

one or noPEP can I'r'gnmen en panels
32 and 44 caﬁ&spbﬁmngﬁtﬁﬂcmlﬁ)ﬁbﬁzp aEhednoscEB@BdayBE& Ir@specrtlvélzz amoringors bﬁgbsb at ed

from panel b a f onne each
secong PcB I‘%\‘Qé‘%é 3‘58‘?% D%%gfﬁgg%ﬁﬁ é‘B‘g‘I‘?leqol‘%te é‘ds t?nfﬁc Becaney

each tab 4§ esfespéhdaipPare thyals 30had de rﬂo&’fEthe moﬁ@pomﬂx@,emspﬁsam@pm-%d 46
correspondi ng second PCB | ayer 42, i t he und tween tab 48 and
second PCBf d?%ﬁ@rﬂlﬂ@ﬂtﬂﬁ‘éﬂ% each 5a tﬁb3§ a‘ib‘i)‘r"% }Sﬁﬁ“ﬁg“r?‘ﬂ@%é S pe egeyRdy pcB
llayer 42 gpehin URERss Hahd b&wsﬁcrddmg FCI Qb Wher oﬁ hﬂteeg&%gé ﬂolxﬁmwﬂmﬁél ve

sheet of second PCB | ayer 42 where said tab revi ousl connect ed.
[ 0068] W ttab remfaining attaches tpithasPCB lwaevendawatswetaw o Aliths § GBlrrsre Fagh t o

Figs. 3-5@khefdnald l)no‘wﬁﬁé ﬁésqnpéd @ﬁﬁ%ﬁéagm%ee;&hp@ @abta%béf p3feiand 48

at the perineter (or edg corresponding first PCB | ayer 30 and
second PCHIdvesver, itd2 to bee@pmtatealetha} eagiriab 43 ofpanel ‘Ufls siaplar toggclatill 3491 panel be

fi t b t | at
of " the cor Bl Al R BB Rar a0 248 bRty iyl 2t on
di sposabl gopent As&hoﬁﬁdn%g 6 Iéxedx@ﬁnry ¢ab, 36 hetemtssbettwenn ﬁtseﬂ’éBehgbr 3i@hdt ab
36 and 48 d.to bre b ' f th
cor ?25 pon 1??@"‘%@%"%5%% T\‘R/f%%“r‘ét&%ktﬁcﬁ(&?gt’ %f‘er%‘ﬁgllg\é%g? j)ut}fﬁ%F?]la%%ggé%(zﬁglsot gb
remai ni ng 1@bwvachaiChapyt ecy@Bnk aly @éngx t Elisl Rartuitisg 62 eAatdardxamplary @b 36he PCB

| ayer. Each _such tab 6 and 48 will now be_ descrjbed with respect t
exgrrpl ary bregk aig wel-dehined pesition yhggeypen exemplary ?ag’ %ésegﬁrﬁfeéd? 1913kt Rt 8%ach

tab 48 of panehafd aktacrsi 1 ikt HCB 856N30 ald 3Gedhd paneads thalrefhs attheiceftor e,
the foll ow ng dESCI‘I:PtIOI’I of exenplary tab 36 is applicable to each tab 48.
disposable part 34

[0070] The ends of slots 38 on opposite sides of exemplary tab 36 define a recess 68 within a
perimeter 70 of first PCB layer 30. For purpose of the present description, perimeter 70 of
first PCB layer 30 includes the outer edge 72 of first PCB layer 30 and the imaginary
extension 74 of outer edges 72 across each recess 68. As shown, the narrowing 62 of each
tab 36 is within perimeter 70 of first PCB layer 30. Hence, when exemplary tab 36 separates
into first part 64 and second part 66, a distal end 76 of each first part 64 terminates within
recess 68.

[0071] With reference to Fig. 8, and with continuing reference to all previous Figs., since
first PCB layer 30 and exemplary tab 36 include an electrically conductive sheet 78, like
sheet 4 in Fig. 1, coated with an electrically insulative coating 80, like coating 8 in Fig. 1,
breaking exemplary tab 36 exposes a small portion 82 of the edge of electrically conductive
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[0069] As shown in Fig. 6, exenplary tab 36 extends between first PCB | ayer
30 and disposable part 34. To facilitate breaking, exenplary tab 36

i ncludes a narrowing 62, also known as a Charpy notch, along its |ength.
This narrowi ng 62 enabl es exerrpl ary tab 36 to break at a well-defined

osi ti on wher eupon exe tab .3Q, separates .in gir art
Iroennl ns atsbﬁ‘?ﬁﬁégmfléhﬁ elF%WE"ﬁJ 385”2%68 asf@gggﬁd ni}' {a? qrﬁ]
attached tg g.di pg%gqme é]%%g, t836 (nRdEY smEIl%oﬁi‘dﬂ%ZQﬂ‘f eﬁdceicsuﬁ&mamaa B@é‘et te

si des of exenplary tab fine a recess 68 within a q%erl net er

first PCB ’/ISaWOS@ sutfsesntigh ﬁib%ﬂ@fedlgﬁé’f leeSisnlty eRpduRstvELshert 78;}@&9%%13‘/ 70 of
first PCB 4 e€a1130 %x}éd ? gg&r mBF0 arfiduldly, | e Sthsibibd @dé%r laigr apd the

i magi nary éx ion es 72 across each recess shown,
the narr owlmﬁﬂyﬁisumavmoana@ 8@6Ap®rd/mglm mnadprente?mbrelpetncazl@o@ﬂctﬂmthébe @izs of ayer
30. Hence, .when_exe S ond
part 66, LeARLY ngu%go?hege{agg c?’?%gé %%glr 'ttheGgTlts ﬁa{ eggiy\%\f tﬁ @&ﬁ}%g

68. [0071]m§M£th/erc6£tﬁfg€80CieaxtcﬁdeEi g. 8, and with contl nU| ng reference to aI I

revio Fi , nc rst, PCB | aye e r dean
Bl ot r1 cal ) cHn el o shoshs SR Raas a5 Y efgloo PR IR 27
el ect I“ Ca'l%éﬁgi]i%g&'{oaéohﬁ&t G0 Livag 18, eletctrkﬁl @ﬁi;ioz ?ﬁgs &spdaed:mgonelqr bo?rsﬁfﬂ(ctesg
exenpl ary ta exposes a Sshma ortio 0 e rica
S C ] cthorsal Tonenton Sheler sy SordbRas o5 et vas o Jnd FL it Gile-
coating 80, @P@?ﬁfaﬁ&hﬂly%b%aﬂb@h@kze@ RelprbBide ?Bwéﬂ a8 lgrdval to @éctﬂéal exapgleatsy tab

36 |ncludes snma portion 82 of electrically conductive sheet 78 exposed,
subst ant i adlisyosed |onothet Ratwarhy dacing spwdeces | Lamhli-lRyFdHEB; ey 0 7gThig is

covered by, gﬁﬁthea B?'c&%ﬁe&tgfggh@?w& 16Ra)rINS i8RaRd cirbBf 8sftasd besbRithyer t he

i nsul ating edg rcally insulatrve coating 80. Accordingly,
i nadver t enPCBI asmmhly; 60 te thet condudgive hhqeh of erpyBCBlayes P8 and i porushiRe: theve

sheet 78 Cgr\éer(ggfgﬁ\{\n 8%8%% HS[B%%H'F Ellllp tﬁgg&dluﬁ?'\%rsg%t eRCIihdr U Myer FSiat i ve

coating 80 o8 ectrl ca on uctl ve sheet” of first
PCB | ayer 80 ard sexdactiveGEet| @g/eachzuzc&dwerﬁi@ andu #3 zenl they o noiwctteddatananay

fromelectrical onents di sposed none [ In
addi ti on, ?H%O@a?cé% %e ?cﬁ)”eéé?{g’l%’?i g mfmaiéggﬁg%}er gls%od& % %Vla
each nmul ti thelspuBhpoRfdR @sFandidgead t}ceaanedmauy Eéridnetivet sheqs regpised omﬂlﬁd’lrstqnd

ground to el ectrical conponents ﬁzggsed on the outward facing surfaces of
mul ti - | ayef4 pgme0s morpiahs by HiRlefEMIeMERSy| i shed by connecting the power

| ead of eaﬁiMBPW@lrr@fe%c&iorFigU 4, aGir§ PCTEEY@ 90X bé fabayRed in the same manner as

first PCB layer 30 discussed above in connection with Fig. 3. One or more tabs 92 can

extend outward from a perimeter 94 of first PCB layer 90 and connect it to a disposable part
96 of a panel 98 that also includes first PCB layer 90 and tab 92. In a manner similar to PCB
Jayers 30 and 42 and tabs 36 and 48, respectively, first PCB layer 90 and tabs 92 can be
formed from an electrically conductive sheet having its top and bottom surfaces and edges
coated with an electrically insulative coating. However, the electrically insulative coating
can be omitted from one or more tabs 92 or can be removed from one or more tabs 92 after
deposit. One or more of tabs 92 can each include a mounting hole 100 that can be utilized to
couple tab 92 to mounting hardware or external electrical circuitry, such as a power supply.

[0074] A circuit pattern 101 can be formed on one or both exposed surfaces of first PCB
layer 90 utilizing photolithographic processing techniques and metallization techniques
known in the art. Once first PCB layer 90 has circuit pattern 101 formed on one or both
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PCB assenbly 60 to the conductive sheet of one PCB | ayer 30 and 42 and
connecting the ground |lead of each integrated circuit to the conductive
sheet of the other PCB | ayer 30 and 42. The conductive sheet of each PCB
| ayer 30 and 42 can then be connected to an appropriate one of a power
termnal and a ground_termnal_of an external power supply via the small
portion gExgpsed ﬁ%‘f?@%@e‘@f’g tﬁgﬂ 7 ‘?ri9§&F‘ ?Cgéﬁ?d%c‘iain&é swgwated Eepdead Bn t he
first par tesp&fal&fdiééﬁﬁbwgpaW@ ah@ 06138 20%. I9 LR oleddrlUbR SFBRRS addiﬁ&ia%]
ig.

Wth reference fo , a first PCB | ayer 90 can be fabricated in the

same manndpyasof dl¢griqallpopulagye poating andeiisys pateniia berdomnsd waendirgwit phttam Fi g.
3. One or re. 248 HTale N " ri J.1.rst PCB
| ayer 90 aln ’ g’giﬁﬁgez‘{ |'E1 '?% er;% sposggt?éeé@%%re}t}go G&gﬁﬁ e{:{ %ngrﬁ%f mgéihe? Ellg{lh{ég SO

i ncl udes fdopwentiPEM freogsnes.9 Tharedfi¢rafirsd PCBl layexr Ynandesack itabi 92cart e #Q@ilatedyer s
30 and 42 and ta?g 36 and 48, respectively, first PCB |layer 90 and tabs 92
can be fof e84 %n an electrically conductive sheet having its top and

bot t om sur[bersisvanefadgeso Fipealtechdvil] if desired| paaélioscanh by lainisiddab a\pendt 986 i Ng.
However, the electrically insulatiyv at i can he omtted fromone or
nmore tabs B2 W@&W"W@‘?é’ﬁﬁ\r@ﬁlﬂ? 5‘6&?‘8‘%2@8% &glﬁ?“é“afegﬂg regstrypritya segddGB . one
or nore ofjaderh92 32 p4RN 16RRNokAG! HElE-1dyFPuB! dsiantiph 64, L0 Batk iCRiBs.h8-13.
utilized to cougle tab 92 to npuntjng hardware or external electrical

ci rcui t ry,SeserhPeB layepdQkis Raibpl panel [ @othat) inpludgs tahs 108 pmddispasablyipastahl Ope

formed on @NeorGhorb @bl 163 8RSGEh M@ GeHoudfind hdiS 11776E: cah BY Bl 8'bduplAbid
phot ol i t hographi c processing techniques and netal |ization techniques known

in the artl08peprmprae npecEmicsl bardwarelps slesirical qircuiyat tlaprmanmer fimilasid REB one
or both - f r - e 92
can be si Aéﬁiﬁ%&?@oﬁuéﬁgﬁ%&g?& %%%g%‘lfdﬁ{’ ?‘Iy""g‘?g%%?%’%? égg%@t} 61?)%%%%%?
utilized dermesl froth adeddctren]ly lvondnetive shepecaated rwitte am didetticallyainsulitivg eostingf

electricalg% ins ]iat've i .an ircuit pat.terns_can B med oyer
ci rout t peie B hBHL TR p A Bkl il e RRHEL BB 18 Y VS
i nt er conneemeded fronacabhsatr HIR afendearosiit i | i zi ng conventi onal processes.

Ther eaft er irst. P ayer, .90 and each tab 92 _.can.be sinqgul fr

Tare on. DS Ciggetpahhana v B0 forieg 8 Sftording $roft saeps BbB lpwnafl g

<F:) far% Ibe I amsigﬁamgq;hbmumgg@pmb pt&bssinhtesh Imph Reend mmmd ' zé’glédﬁ tlteémiq@estl I%Mv&r?infmé slt
ayer am nat e n registry th a secon. ayer of pane

106 to fordh o PRIPRTALG 59 wegma%éﬁﬁmm, egﬁw#:@e@m i°H® Y gere ejqctries

Second PCRohmet8bnsiBrde cRaiit perPBUInd ER€uif f¥@kmi Ngl udes tabs 108 and :

di sposabl e &art 110. One or nore tabs 108 can each include anobunting hole

112 that d8%77heVith raferonsg tp &g ddppud yilp continuing reference to Fig. 11, next, a breaking
force can be applied to each tab 92 and 108 to singulate first and second PCB layers 90 and

102 and, hence, multi-layer PCB assembly 104, from disposable parts 96 and 110. To
facilitate the application of a breaking force to each tab 92 and 108, tabs 92 and 108 can be

positioned on first and second PCB layers 90 and 102 so that they do not overlay each other.
As shown, all of each tab 92 and all of each tab 108 remains with first and second PCB layers
90 and 102, respectively. To this end, a breaking force applied to each tab 92 and each tab
108 causes it to break from disposable part 96 and 110, respectively. To enable each tab 92
and 108 to break cleanly from disposable parts 96 and 110, a break or score line can be
formed at the boundary of each tab 92 and 108 and each disposable part 96 and 110 to

weaken the mechanical connection therebetween. A suitable breaking force can be applied to
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108 to appropriate nmechanical hardware or electrical circuitry. In a manner
simlar to PCB layers 30 and 42 and tabs 36 and 48, respectively, second
PCB | ayer 102 and tabs 108 can be formed froman electrically conductive
sheet coated with an electrically insulative coating. However, the
electrically insulat] oating can be amtted fr each. tab . n be
r enoved erE)%‘(H bt ﬂ%doy%gyéf?lgal%%ogﬁefs%ﬁ%%f%%@ &d ﬁlfatbgyaf]faggdn%&l Iacan
be formed Qi e Bfeakinf Poreditoitrapplicdito gRash)dspeCRly tygesord Bde. uti | i zi ng
phot ol i t hogr aphi ¢ processi ng.techni ques and . netalization techpi ques known
in the al{8(?78i¢’é?€§fﬁlff%ﬁ”é Br é’fﬁ?s“%?%?)\ﬁ’i’q’ieﬂ fq F?éhéﬁ%t é%ﬁﬁ 1@2 aﬁ{%‘lel CHRET o
form one b Q@%e? f?liﬁ&f dndCRbonCPOBERYOE HELIRE Respdckicellt 1 DAkt BE Mokfdarpnd

circuit patter 0077] Wth reference to Fig. 12, and wi th continuing
r ef er ence betveengachl b Mesud, 92aang gk pnsgseconsy REB daiersn?0 ansh1G2edUpen adying ab 92.

and 108 tq_si l.ate first: I e,
mul - ay PRGBS Ty Lo O HERARR I oy Sl RCBRyers, A 4Bt VRAC
facilitat @lshe2apd i10Rt tespectifely, breakomgetedripeomne expetedt aM@R2 specifitdB, t abs

92 and 108 can.be osi.tion n first .and P S 2 so
Chat ¢ hey SORTIE BbRP 55 “Bagte BPmArsCing 308l ERT ) M RE oy 10°
of each tzﬂl@e g%é@fﬁ&h&&ﬁé\éﬁpbségigostii(mﬁrtd the edyesl oPlﬁﬁ d(:j@;im‘tis/e sﬁ@etanﬂﬁismzm(ij )
respectively. To this end, reakin orce ied ta each ta 2 and eac
ab” 105 cstined o g B s lpPuierep sl SR metttRe S i Rdebe el y.
To enabl e [5eR)) WAk rddencdné FiD 83 t@dvigedontheR efrdnco B Hips 10200112, Baukisg 96
and 110, a break or score line can be ;ﬂ t’gdge boundary f?ﬂ%a(:h tab

f or ned
92 and 108hafrthe braskingiferee énpmbicd 49 Fadhetaly q4 ad Gaghgtad {83 causes Hdo AR a
connectio 'éﬁaeagﬁé'ig;gﬂg%- aftt 540! %blect%@,alsi N0 skibRE tiERNORE oARRLL C6ledtRcal - 15
an y a

each tab 9 mechani cal préss having a ramw th a sui tablg
shaped ti pofaponenta i), sach #re Withenkiimiatiosy & daekgsubinigspitsdetitquy. amhuanpagkage

especi al | yg.t he. s ' 4 Q0 I j } R_GL el &% be
appl i ed | iU e glﬁ%]n%%8?%%“0%%%%%??%%#% %ormdglg%fe) ST S
second PCBpbmpenis gintard dGRjt patteped@] wod/gr circudt pattern tlhé dounliideyer HeBween
each tab 90 a and first and 1

appl yi ng aﬁf%ﬂjq%?é%% HEFST ce?“glplgr%??c%gbdgﬁ%ﬁ’g%gé%gg&o@gﬁ% glt%e an &gé%)(s)nd
PCB | ayer $929hdasdl 08Q:2n Wh eepled ab s MRintingl fix08; 122%eepac tlestdtal fixiwre,csuchanect ed

becone exposed. re.specifically eparati each. t 8, f.rh,am
first and @8@6ﬁ&£@&8‘%4aygfl§e S P fng% B s%gg?ie\?eéﬁf? ﬁgtcgg‘%%glg%é%eﬁelf}gr S
t her eof exResRSedWitl HROBCBlayehe0,emgemcodach kb 108 iihet df\ea ckberblly afmdfdtivet and

second PCB_| ayers 90 and 102 wherlgcga}i d t1815)s 92 ?nd 108 wer eta%E%\ii ously

connect ed.sheet 132 associated with second ayer conmecfing one or more t0 one

terminal of power supply 124 and connecting one or more tabs 108 to the other terminal of
power supply 124 biases electrically conductive sheets 130 and 132 accordingly. The
provisioning of electrical power to electrically conductive sheets 130 and 132 in this manner
simplifies the provisioning of electrical power to each electrical component, e.g., electrical
component 120, coupled to one or both outward facing surfaces of multi-layer PCB assembly
104.

[0080] In addition, other eiectrical components, such as one or more capacitors 134, can be
connected between adjacent pairs of tabs 92 and 108. The inclusion of one or more
capacitors 134 between adjacent pairs of tabs 92 and 108 reduces the need to install filter
capacitors on one or both of the outward facing surfaces of multi-layer PCB assembly 104 to

provide electrical filtering for electrical components disposed thereon.
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[0079] Wth reference to Fig. 13, and with continuing reference to Figs. 11
and 12, assuming that the breaking force is applied to each tab 92 and
each tab 108 causes it to break from disposable parts 96 and 110,
respectively, at a suitable tinme one or nore electrical conmponents 120,
such as, without limtation, a packaggd integrated circuit, an unpackaged

f1i p-chi pl008Lkhiksttheidistel epd pf exemplary dahy30, the disiphend d76 ahepchriabyf? pnd)tha

can be coypl.ed,d 937 SRREPRL! 1@%%&&1@%&9&3&1 é&gulotf eE%Eﬁfyrboﬂt&Ueu@é‘Qfe&r 150 rcu't
pattern 114 of multi-layer PCB assenbly In a mannér known in the art.

Mor eover , and 1¥hoeepedtivelpi dn addjtions gl op pattrof @ett@b@rfaggaralﬁa/boﬁorm@&f@amf itfee
coupl ed to

pover - supgiegeiiBl aieive Shetil sy 50 BBEE it iBlacd B Gyt BR,
sheet 130 respmellyatzembmprsa‘dl msjrd@(ﬁdecayﬂe ti30conandios iof ek ciea@dd camgpntAiS, i S
part of an ectrl aIH% gg qyﬁﬁlve sheet 132 associated with second PCB

| ayer 1025w§6ﬁﬁgﬁﬂ' HABFORTE tabs 92 to one terminal of power supply

124 and c WPM@@-I@%‘ POB 5%Ré&fblyaltd hoRdésooideuricb@f the elFtbtfiaallyofnsulpgver
supply i ases electrlcallﬁmgondu&&lve sheets_130_and 132]?ccord|ngl

The provicgqt@ﬁmgirﬁf Gt es 7 cHy &9 an¢ syrfage pf the slrgcely Bswadv s~ 130

and 132 i RodisSHMREGHATPCE lkma{ b2 3§sﬁomi‘1 gl 133 om 0gired, n8lveed ! AcRkulR@yer to
each electrical conponent, ., electrica onent 120, coupled to one

or both ointerayer i‘gb‘PaﬁdWsPéiﬁ“ﬂ tgen fysteand |S@€39é¢P ayess @hid, 102 9 shoymEB0] | N
add'tloncgggﬁ@r ‘ﬁ[:e[l Bhe SRPROBERLS PCBUG %@9@ aﬂ%eqamﬁag&t&mfaeé £ 134,

can be ecte en adj acent pairs of tabs and The 1 nclusion
of one or insolating unghmxt Uﬁw@&@@hmxfa@ﬂfm@ngww@ym140@5@b©12namn1ed108
reduces the ne capacitors on one or both of the

out war d fé%?rheS%gfﬁ% cglcsggoglg:?brm {’I %1 er PCB assenbly 104 to provide

el ectri caI[OG&S] Daelomgncfre)comiuemtsr l@alsuaimsmmaélmfmduhtwp@sﬁsj dah@rabode thrdegl 0081]
Li ke the distal end. of tab 36, the dis b 92
and the. draine s Tt Say rhEPo S Bl Ry i

el ectri calidygr GOﬁdLUilbldt&nSﬂ&qﬁntiM ciramne pdtZn 11éspestindePyB 1hyera@d1 t$iaes al |l
or part of the top urfac and/ bottom surface. of. the ctrlc

S onfact i vsotdisiors Pyl nindns L% ot kot ik Adqrctis eeasdiie Segtse sty and

108, respekducitdd Will foRBe B cAddIAReGn. i N order to facilitate the connection of
el ectronic COEE onents, such_as capacitors 134, therebetween. [0082

Ml ti - | aydf0ss ile<theriteof tosulating fierkayeio M9 hag beedeserbed e cormegtion vy

i nsul ati ve,q cQahi PEBOhydrk b6 tand ¥, liA4as b3 AphathiR@tiad ad us@gﬁﬁg/mteﬂa%ehﬁy rface
of the electrically insulatve
insulating interlayer 140, can be utilized with multi-layer PCB assembly 60, shown in Fig. 5,

in the same manner that insulating interlayer 140 is used with multi-layer PCB assembly 104,
shown in Fig. 15. Specifically, one surface of each instance of first PCB layer 30 can be
laminated to a surface of an insulating interlayer, like insulating interlayer 140, while the
other surface of the insulating interlayer can be laminated to one surface of an instance of
second PCB layer 42 to form an embodiment of multi-layer PCB assembly 60 that includes
the insulating‘interlayer between first and second PCB layers 30 and 42.

[0085] In Figs. 3-5 and 9-12, each PCBlayer 30, 42, 90 and 102 is illustrated as including
one or more conventional plated through-holes (or vias) therethrough. Each such
conventional plated through-hole (or via) includes a so-called “land” L therearound on each
end thereof that terminates on an exposed surface of the printed circuit board layer (see, e.g.,

Fig. 2). The use of land L around each end of a plated through-hole (or via) that terminates
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coating of second PCB | ayer 102 as shown in Fig. 13. If desired, however,
an insulating interlayer 140 can be provi ded between first and second PCB
| ayers 90 and 102 as shown in Fig. 15. Specifically, one surface of first
PCB | ayer 90 can be lam nated to one surface of insulating interlayer 140
whil e the other surface of. insul.ating interlayer. 140 capn he | am.nate to
bhe. Sur o Brometn AIBER Ay Rt poBb EyeCHBDISt tiesoNED NG 10
such as sng o HeQHEdaily BorREte8 to £EdhdRéter Egde coidiRtigdtrade 38 UhélohMig: dunfaes | ayer
140 for connecting one or nore points of circuit pattern 101 on first PCB

| ayer 90 tof theriwingad cinopié bersd it SmaRneg kpaw i thedrt PR prablem,viddbopte bémdlay er
102. "Sinc eam]ﬁlgre%? %rgcfe éfuas gugep t&%u%?—ﬁﬂb‘ of 9a tﬁ&%emfﬁaaﬁesﬁagftmgegﬁaséd%ﬁéé of a

detail s regarding fsuch conductors w ot be "described herein.
[0084] Whigriatedhsrcus ®ofl layes i tef thg ailditiendl agmstuctiveOniteral bibireddie o fawd Ti n
connection wi.th first.  and second - angigl 5 .d e

appr eci at é’(ﬁo‘fl#ﬁtm%fﬁasfe%gmoﬁ"?l ﬁlﬁg?oﬁt 8%3%%%&5??1%% | nsﬂllj%‘ﬁ? ?eﬁ{gcénﬁ{l%at&eglfgsr 140,
can be utidrilzgid Widuhingridstallatiay ef clBBca sompbhontsth thehwoimted ¢irduithoafd layém t he

sanme manner. that insulating . interlayer 140 is used with lti-layer PCB
assenbl y PHareoVe BGHs %tl?‘i“%.f’ ;QL%CFeaé?Jﬁ‘SiaV?l@g}el %,n‘“ nog cgﬁ‘iulcg?gﬁn%sf a"é@%#si %t ance
of first REB frayer cBbif ddatde layeR N MRELpécfi@ligupiiage @fcuBNbédis Uk NGe
interlayer, l'ike insulating interlayer 140, while the  other surface qf the

i nsul at i ngnatfastired & aceardBice | Wil TR doaa nh dLCH YR CBAEIS RAYCRR tH8e% 061
second PCB Ry lcofidictos, 5ahBsashds mhad ichRivketiaf 1idd! Abcdr@dgly, dfaBnamsandlaya 60

that includes the insulating interlayer between first and second PCB

| ayers 30 Iapgumbeachgrsspd epfl ¢ aflirougb-§olg en vz engblessaicadiqoem sfrygiute, sgh agan 90
and 102 i s,4i b WEHdBHveORtR, B bdRbFedCQONE R e TRldidRt flr&ithh-

t hr ough- hoﬂdkgéﬁgéﬁd\%ggfe?ﬁ?g?% hr pggh‘fe Each such cqnver]télhona p% ate

t hr ough- hdiode qroria withgut vivddting dlee mingroum spice rleapepordinglidt weowld bndesinablede h

end t hereof. t.hat .t erm g nted circuit
board | ayeefrlmtl%%éefhegl.sgl.)&%ﬁb%g El e%§9§<§gd %#H({%(r%lgmﬁéhafr@gﬂﬁ%gach end of a
pl at ed t hr{oogg}-With eef¢rencebiaeck) tothigtl, & evethod af fsming printed caruitbgaoblageruwitlagce of

a printed circuit bgard |ayer .enables.th onductive.material in.the.. via
o be ol edtifIGA g RBiRet Ha T RVc s A (et FREh ForeCignFign o
line, on tHg 1wihedeircdt bédre layet Diethdes te eliettribubigrodndustioe strenarfok domst isn t he
art. One problemwi th the use of |la around.each end of _a plate

t hr ough- hdPBngsh frgm 2 ¢apger iy A7 HQ’E"@%"anhJQ% X PTLRUSTS ??88 oft %IPC %S}f%iléd
circuit bagiyddlndereléctridalldtcohdiRtitel dhicki BN korsoN @8 Ghvay.e SHEd: & éaal havk iohé zed to
formland L provides increased opportunities for formng electrical shorts

wi th adj adeere treweiaalesss Vigspghat extend through sheet 4.
[0087] With reference to Figs. 16 and 17 and with continuing reference to Fig. 1, sheet 4,

including each through-hole 6 therein, is optionally conformally coated with a copper layer
144. Desirably, copper layer 144 is electrodeposited on sheet 4. However, this is not to be
construed as limiting the invention.

[0088] The use of copper layer 144 is particularly advantageous when sheet 4 is formed from
a material other than copper in order to avoid mismatches between the thermal coefficient of
expansion of the material forming sheet 4 and the thermal coefficient of expansion of
materials deposited over copper layer 144 or electrical components mounted to printed circuit
board layer 2.

[0089] Next, sheet 4, or copper layer 144 if present, is conformally coated with insulative

material to form coating 8. Desirably, the insulative material forming coating 8 is initially
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or lands L during installation of electrical conponents on the printed
circuit board |layer. Moreover, the use of |ands L decrease the avail able
density of conductor lines and lands on the printed circuit board | ayer.
More specifically, printed circuit board |ayers are nmanufactured in

accordance with rules regardi ng m ni num spaci n t n edges.of dj acent
conduct or slectiqsieposifed pn At oéﬁ%’pg’c')ﬁ’éﬁfc A1 s s%‘?ﬁggg‘?p&?ﬂ& @‘,‘S ‘é‘F‘fl%f‘Jﬁati ng
the land pludhPHRdu&a ehusRReRaY wiTBmPlayer thbr @eimdab edsufite @AakE&Sofan

adj acent structure, such as an adjacent |land L or_ an_ adjacent _conductive

line, to Beeehbwedopicoker 144, tigesenin dit &3sbechobergYRd thef this Spbsingally wHivmm

viol ati ng b ' | CRIWH B s o ki 4asé gable to
el i m nat e1 eoﬂlélgéntogp%f% ?ﬁ%&ga%%oﬁﬁtgéghﬁl@g%ose% e?lﬁ(ya%)ﬂlgggfshr ough- hgl e or
via. [0086pt ikirkble dérefouning aeitduittpatiftinge.ga cirenitypativod 14, thesear ngycqordinglind
circuit board, layer .2 with I | . i 1| e
descri bed gﬁggthagégfap%eelala%g%@%as ib%&%%lﬁ%?g%%ﬁ%@t a?—?rg“.r IS%,e &Bﬁon#e%%t%acui t
boar d | ay empritive| suefitsentito ehesetthé dashilatives onatbriel tovehalheet patialyoivelt4d Wit i s
formed froma copper foil, an iron-nickel all.o r c i ngtions thereof.
In one de&isitng tespatye marsrial dipagts i°8§]i?‘7 ?pr?i}ﬂ% El‘g?"’lc?/se&gsﬁ%eét% A PE% FHed of
I nvar. Shegl # Lfﬁédanthamscuaa 18Vels MREDY HEcOmiE-Necdamtiprilatisal thé wheat cexddend

t hrough sheet 4. [0087] Wth reference to th .16 and. 17 and wth

cont i nui ngravédes rie frtablyosmqoth and vapfergy syrface; ﬁ’g?%u%cwghpﬁttﬁ%h‘gnﬂﬁfﬂo% 6
therein, g1 in@HRhlakve RRIAEITERL] Shable@it@s! vk laPoudd GRIGIBEs b3EK thrdwbfi-hole
Desirably, copper | a%/‘cgr 144 is el ectrodeposited on sheet 4. However, this

i s not to6beMaronmecifirelly.amelting; the AgpuleHee maleist cgHes fhsodape phéhq,msulgtivec opper
| ayer L4 ?erﬁ?‘{r{]ﬁlﬁ}ﬁl U b ARVAREAVERN Sts MBS MG oardd SiSpb QR if bRMkorR)
material Ot her an Copper In order to avoid nm snatches between the thernal
coef fi ci emd thefshamexghawsiimarass sechien maFigr 1 Al When epelgd binkdp asolifdhe euletier mal
coef ficient_ of . expansi ' ' : : r 144 or
el ectri calmaé%}?'bglﬁgﬁte %Ch(r%rgrﬁﬁ%he—gﬁtgtg?%éﬁﬁg?‘ggﬁ%%r%{é%sﬁa?m%%rs ag{el?lk'gﬁ[ 0089]
Next, sheq0094] Upbn coglingy the aysatativd matdiapfoerne ndating §. diafing frandiudes omtledhgyi t h

i nsul ative terial. to form coati . i r.abl t insul atii ve terial
form ng cd%t {g‘?@' 19 ‘%Eclf HVESAPP §,ur%1_cig§’8? %B?@%féﬁ%?lyr{aé;gqggnogﬁ?gg?ﬂ ¢ mg(ﬁper

| ayer 144 prdstntpmesaite. bddbecky@ddpdsit tavgrstdbatoimnsiaat 16/ef shewttdesr @botproduces
a substantially uniform]ayer that confar to the sur es and .edges, of
Shoet 4 omidissiaD of e e 14t 1 BresGi i T tHg SgFa OB LB TIOT T B o
subst ant i glgioh dRbds QR Bigd 20/ 6F shiekt £ 186 H08eR asbighthold s Whatduleingairefghdtole

however, has a relatively rough surface that is L
layer 152 which covers an interior surface 154 of sheet 4 or an interior surface 156 of copper

layer 144, if present.

[0091] As can be seen, once coating 8, especially insulating through-hole layer 152, is
formed, the surface of insulating through-hole layer 152 converges from a position adjacent
top layer 10 to a position intermediate top layer 10 and bottom layer 14 and diverges from the
position intermediate top layer 10 and bottom layer 14 to a position adjacent bottom layer 14.

[0092] As shown in the cross section of through-hole 6 in Fig. 17, one side of insulating
through-hole layer 152, has an arcuate outline from the position intermediate top layer 10 and
bottom layer 14 to either the position adjacent top layer 10 or bottom layer 14. Moreover, as
shown in the cross section of through-hole 6 in Fig. 17, opposing sides of insulating through-
hole layer 152 have an outline generally in the shape of a hyperbola.
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not desirable for formng a circuit pattern, e.g., circuit pattern 146,
thereon. Accordingly, after the insulative material has been

el ectrodeposited, PCB layer 2 is heated to an el evated tenperature
sufficient to cause the insulative rraterial to whoIIy or partially mel t.

U It th | t t th f
of shoot WBRI Qopt spotiayLie ITRRD ¢ 1275 SCERPS 9 Brledis SORI BB

becon ng gy, €81 by topli@fer 30, BoRain lfre r14cla@ﬂa&ﬁhg eBgOMEaS, mdsdati aﬁhlymsgmot h
and uniform surface for form ng circuit pattern 146 thereqn. ting the

i nsul at i vérpegheholalayar §32- e Batsnes insylatng threngh-deisdarer t1fé héﬂﬁ’ésfoﬁ? SEYEH D
through- hey i 17 8he Mebifode ﬁb& GRS %coﬁﬂé$ &Qlférﬁﬁ b ﬂﬁu&ﬁaﬂe%&fmroefﬂs@hu&gauses

t he shape thelnsua “material in through-hole 6 to change fromits

conf or mal throeghakbdd I@b:aléé (Irshﬂwmwwds,mgmelectr@dqph@teéﬁas@a@ﬁ&mnfmn@%ss

sectlonlnF ticye materi al
i nsi de ealh? fg?atm ﬁ %\g%éal@q %g?%gaﬁﬁkgo a%gidél E’a t ?ﬁg&z}gyshom in Fig.
17. [ 0090}009apiNeg)Ghé¢ neppet I@Ectrmiapbsafted\m catieg iBadanf lor peteomdt dndgetéhedGoat | ng 8

ool scee ot B 15l ettt SR RO RS Ru Sheh R o,
14 which gueles c@ndaeﬁxthsers‘sarm oh&opfaysﬂ'ﬂ@eboxﬂuatvearab&tltﬁérﬁhd $68 bmbatokb0 of
copper Iayer 144, if present, an |£sula &%{er A vvn best in

Fig. 1) whifeas o e 01 mmepg dhropelihols papgue fs R isHeRg e 6,

an i nsul atBG.HH5101G8r 19| €As dhavhhin & ZIMh@Hg}PﬁBl@E&da&ot moel{als ersumhama 154
of sheet 4 or an interior surface 156 of copper |layer 144, if present.

[ 0091] As“é%fﬂm[l?é“blé@??ss once coating 8, especially insulating through-hole
layer 152, !ndé)%Bﬁ}? mdésrb?ﬂ%{ﬁ{eﬁ&esuﬂfacé SXStHloBiH-Rele EHAAMEP 1 T 06 b RYifinubp 2

converges position adjacent top |ayer 10 to a position internediate
top |ayer dj_a@mevrdDbotlﬂmmrmyeeﬁurﬁaae &f dosglaling gla,fgughrleﬂﬁ {ayer l%gmtbﬂe@rplecmcal

i ntermedi aig tgg‘r P stabfle R Dot B oAUBIe dbtalcford 70054 bl A BEaN 50ROt t om

| ayer 14. ¢ cross section of through- Fi g.
17, one silde, i andd68 wﬁthmgthetrtw@ﬁghlmdlbShwylemphﬁlztomhaglgam ar cuate outline

fromthe ter a 1 i t her
t he posit ﬁ@@é&ﬁ gl}:léeﬁ er{°8 1§§/er ai? lb (\)}5{1%1 conti mrégrr%%%& oalylg f16 :En% 1“37Sho
in the craesgesied tihaedaf t]irhllighulgﬂe E(mhoshlchhg asikily Ihrdﬂgh lﬂmoc;sndugoslmem@fgh.

i nsul atin hr ou hol e | a 52 hav outline er al shape
of a hypeg‘ﬂiﬂ fgmchggs TB‘B@@}Y %ré HY?W&t%q@u%bﬂﬁagn cfo 197?6 fo&égpﬁtgr Ps
formed, e.fSmedehif GlshRGEP BShigBholeRyerC DE, i B@h&hrdugh‘rholeoi@nﬂuworl ayer, 1702,
bottom | ayer 14, insulating edge |ayer 18, and each é‘ %y

t hr ough- h&i% Gayhsrutdized topeleeirieally; GRalPch RYUHYS HaH- ﬂ‘ﬁﬁ‘]‘@ PBQ@? elGi0s2 ¢ he
f or m showuhflictive trace defined on bottom layer 14. For example, through-hole conductor 170-1 can

be utilized to electrically connect conductive trace 160 and conductive trace 166 disposed on
top layer 10 and bottom layer 14, respectively, of coating 8. Similarly, through-hole
conductor 170-2 can be utilized to electrically connect conductive trace 162 and conductive
trace 168 disposed on top layer 10 and bottom layer 14, respectively, of coating 8.

[0097] The ability to form a plurality of electrically isolated through-hole conductors 170 on
insulating through-hole layer 152 is facilitated by the arcuate shape of insulating through-hole
layer 152 and, thereby, the arcuate shape of the copper electrodeposited on insulating
through-hole layer 152. More specifically, the arcuate shape of the copper electrodeposited
on insulating through-hole layer 152 enables photoresist to be deposited thereon and then

patterned and etched in a manner known in the art. Thereafter, unhardened photoresist and
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Fig. 17, the el ectrodeposited copper on coating 8 conforns to the arcuate
surface of insulating through-hole |layer 152. In other words, the copper
el ectrodeposited on coating 8 confornmally <coats coating 8, especially the
arcuate surface of insulating through-hole |ayer 152. [0094] Next, the
copper el ectrodeposited on_coating 8 can be patterned and etched in a

manner kn@@rroppertunderhiRg $24d geardracE P?‘;f?ﬁe't’ls‘tp?é?feé?o?{ecﬂ% megay KA BaG@tar v
circuit pglhek r[;héé%éﬂ b@ﬁhg,%%&ﬁ@%&c%m&w sPGEgh-AdRe 1@ AaRiort apo-hayRy2,10,
conductive traces 6 and 168 on bottom “surface 14 and one or nore |

t hr ough- hetce ircthnaigbthotesd. 1 Vigerentter, hardsnadiphetoresist eandte remevaddyi AeRNS Kr¢WUEh- hol e
| ayer 152 %% shown in Fig. 17, through-hole conductor 170 has a
substantigply' uni formed thickness. [0095] Opposing sides of the interior
sur f ace 0f009B)y Avghewu best doftly diBpreniorihgheoreors afithd pepper dépasitedem Dbulatitige
arcuate surface of_ insylati t.hr ough- h | r. 152 enables el ectrical
connectioﬂngﬁiﬂgg%gygﬂgk§%ggﬂﬁggﬂégﬁﬂpﬁﬁgﬁﬁﬁgﬁﬁﬂ%°° H88§585n1 (ﬁgﬁgm%
conduct i Vg 1tduR§ 8Sthidd@h-holk@Phavifts A6mde Fiashdtdr Mt bethesnrBesirfaoes of opparihg.,
shown in phantomin i%. 16. k?OQGl Wth reference.to F%gs. %S}ﬁgd 19, and
wi th cont thigisihalesendadiers L78. fn grntragt, oppgsigg gurfapes of ipsulgtin thrqueh-hole layer o

t hr ough- hgk e/l dilitddedsiid WpBeras Dot Retieled vERAGNCE REorlBamétéoaight hol e
6 includes a pfuraljty of electrically isolated through-hole conductors
170-1, 17&-Izgeethen diamptsf Bdd on i nsul ating through-hole layer 152. Each

t hr ough- h%(@9§?ﬂg #ﬁﬁ(t)tgfesi’y in%ze _]'tzocg;%ne thd g}urah%aef BSotnlddiZ 8hduetoR] €RF §d cal Iy
connect a conductive trace defined on top layer 10 to a conductive trace
defi ned othrbaghtlorie b aydesirally agslecodenprited pheipissisihaisoafosnrbicoatstha gpper can
be utilized to electri - t [ 8,035 onduct ive
trace 166° Fyﬁgggﬁmgﬁn%@%%MPgﬁg&ﬁ%6K%%@9%g%?§§F§é§%§m%2? ?@g%g%.lvv%b¥ of
coati ng 8eleSirdrdbmisityhle tphototegistshark edisciasad ve tidrited 783aigs Patentoloat 6,568 to

el ectri cal connect ti rac 62 n tive,. tr

i sposed Gitieod fiafers B 4net Bt T abor 2ast BUBHER Yoy Epiesi iy o
[0097] ThesaWiddiel Which afeinsorporplet hareintty referedbect rical Iy isol ated

t hrough- hol e conductors 170_on insulating through-hgle |ayer 152 i.s

fnci1 0t at do08) ThGompERRL o6 kpg ool LP R ST S HOTE SIHECE T8 and,

thereby, (B eplcfddBbEpd R orOmsibg: L BRRPh-eleckysrotbapsrsihtigh-Bblel 6 Fatiiakteng
t hrough- hole | ayer 1§2. More specifically, the arcuate shape of the copper

. h
el ect r odegsrtstePf the Pheferesiat fory Suilabls fYHLE sadgation Y prdes fo dofus) the PRFRIHPES| st

to be depgg ] ' K '
to be depaphy NEL.EANMAR hORLonhikd:811N6 dn andliAhg RGdudtindle TYAAES2 Kitoun | n

ter, unhardened photoresist an 0 the copper underlying

sai d unharcdereet thshetrtead siface of @ nrierey deropgh-ale HENtk QB RISVEIHS NREOTE,gxposure
of the photoresist in the through-hole to curing radiation, especially exposure to collimated

light that may be utilized to define one or more conductive traces, or any other portion of a
circuit pattern, on top layer 10 and bottom layer 14 of coating 8.

[0101] Two or more printed circuit board layers 2 described above in connection with Figs.
16-19 can be utilized to form a multi-layer printed circuit board assembly, like multi-layer
PCB assembly 60 or 104, with or without insulating interlayer 140 sandwiched between two
or more adjacent printed circuit board layers 2. Like printed circuit board layers 40, 52, 90
and 102, printed circuit board layer 2 shown in Figs. 16-19 can be connected to a disposable
part of a panel via one or more tabs, like tabs 36, 48, 92 or 108, and can be singulated from
the panel in any one of the manners described above in connection with printed circuit board

layers 40, 52, 90 and 102.
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such as chemical etching, to define the plurality of through-hole
conductors 170-1, 170-2, etc., in through-hole 6. Thereafter, hardened
phot oresi st can be renoved by nmeans known in the art. [0098] As shown best
in Fig. 18, renoving portions of the copper deposited on insulating

t hrough-hol e | ayer 152 to define the plurality of thnou%h-hole conductors
170 in t hriBLA Asotar beesepts S Presenh invptGu GRS B 4Tyt Hosrd haKinmoas ahet er
Dl bet weeny, ;B rﬁwdf&%ﬁ§ bBirdARRES LRE ofw}ﬁm-mﬁ&hlg?g@& Wt eiblds %rkhe

contrast, opposing surfaces of |nsu[ap|n%m;h(ough- ayer 152 ere the
el ect r odepdge vEilic pupisd cirrasbdsedbut méabnie shbdjantiallyaiis net ecoapdately.ciosered by a2
that is l.arger than.di i b . define
the. pl ur alPESBE TRAMIG R RErE Caetipirtre 195 PATOIREE bE InolhpddbEiidiat
desi r abl y iapositiesddraad@pedgd efithphitwt beird laybhait 2 tibnflachnisl dtifizedbtt eupleethe opper

el ectrodepgsi t ed i nsul ating .t hrough-hole |ayer.152 of through-hol e 6.
Sui bl o RGPy st Bt Pob RGBT Sor i setsT el oF By R uCRRRL e

Uni t ed St ahesedaé:8 MurifNo fabribatb0 TAS xpgosed ddah bethe lcbndrictied layer bedod@es4%Pose®
Kahle, Il et al.; 5,721,088 to N%%tin et al.; %nd 6, 100 gﬁg to . McMurdi e,
whi ch’ ar e UpRBSNSBIERE e RERE Argyt Yoarddpyss fom the digensatifratk ot BF Bl on of t he
el ect r odep@phd) CthePORHRERS! Bler ST $IB GRchid HoBrdSGéracH Qhvd AR P RBose of

el ectrodeposited on insulating through-hole |ayer 152 of througp-hole 6

facilitat esonduskipsdantcavety From oehical eamnonents digpasse amne & peithgrfses eft then in
< AL DS . . ‘
order to Wc&&ﬁ s ataél h%ﬂteﬁ circt 6544 &R bid b@glgg%ego&é}r&@@uﬁa% e

conduct or on 1 nsu t hrough-hol e "l ayer contrast, the
vertical sakctramécahpaepsi or art through-hole limts or prevents uniform

exposure phot or.esi st i -t hr - I - adi at |
especi al | %9(‘%2@1 ¥ rpées’tercl)t %?)%nl%lkrrlrg 83@“#3 ﬁfb '1’1(%%&1[1: %Jf:r%/ Bgaé& Egt)}lmln%vé%d%‘% dé gﬁ?rﬁ e one
or nore cdastilesitueuthi-acies thepsthrangh. oDeeirabyoritricooss géctian, one side tof plat trderior on

top layer 10.and.bottom | r .14 of coati 8 0101].. Two, or _nmore pri.nted
circuit boHFacq &l &gcl t °&§1§¥‘&e§€8 agbaﬁg}%%i Or@%gni?ioe%ﬁ %Or?}tb(\’nntl teEPegdrslg%e %fge“f@ can
be utili zeglertker thaithiethepbiiiion adjsentporiertnédheéofouitte gooriod adjasaniteyothdriecké
multi-layer PCB assenbly 60 or. 104, with or w t hout jnsghﬁéiqggint?rlayer

140 sandwi BFEYE- HaRe dFieRls STBPIRsPE TP REEROTpPRRG B SIOFY f 8% §ers

2. Like prémhednougictbit Hoahd duditer fend@ily B2 theShapea 8l a iigerbplal MB&Mudel theui t
board | ayer 2 shown in Figs. 16-19 can be connected t? a, di sposabl e art
of a panelintgrigr Btrtace Pl ongrade ofisach fhrqughthglshaggn angpate gutlige niqyess sgpnceash pe

Conmect i on B B B e o e g g 2 b7
plurality of electrically isolated through-hole conductors extending therethrough. The ability
to form a number of electrically isolated through-hole conductors in a single through-hole
enables a reduction in the number of through-holes through the circuit board that are required
for passing signals between opposing surfaces or layers thereof. Thus, the use of landless
through-holes or vias in accordance with the present invention is capable of reducing the
number of through-holes or vias required in a printed circuit board to pass signals between
opposing surfaces of the printed circuit board.

[0105] The present invention has been described with reference to the preferred
embodiments. Obvious modifications and alterations will occur to others upon reading and
understanding the preceding detailed description. For example, multi-layer PCB assembly 60
was described as being formed by laminating together PCB layers 30 and 42 with or without

an insulating layer, like insulating interlayer 140, laminated between PCB layers 30 and 42.
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-21 [0102] As can be seen, the present invention provides a printed circuit
board having one or nore printed circuit board | ayers each of which has a
conductive plane that extends to the edge of the printed circuit board but
which is substantially, but not conpletely, covered by an insulating
material. The edge of the conductive |ayer not covered by the insulating
materi al HeV§s5i ¢ ingHbdeysh BGR agai@loran he fermedyfrem piraedon mgesr PGB layerab

whi ch is utildazgd thout TG Ui r ] . di I art
of a Iargg%h%gﬁglk%ﬁgggﬁﬁgﬁgﬁrﬁ?%dté@r%ﬁ?t oa?%gﬁgééégﬁgu%f%@%% f?g§1
duri ng fabeinmataddrtweshenegpoordadiatget nairs bHRCB daydisc with éhel dngeit pisteronesach
exposed

i pgul aty 1 circuit.board layer fr t he
di sposabl pa‘r)ftS a%g cetnﬁg d%%agﬁﬁ Péé]‘ﬁ%?&ﬁoém %C(lt;er‘lidll?c ?d\:/eséreidaélé?m&f Olg]%eﬂv%i AR ui t
boar d | ayeadlectrival se@fipehehi) e.glumpaditor PB4 avaafdeseibad ie béing chigrtte@v@iabs 92 Rnd
el ectrical, gonmpopent s_di sposed.on r both s aces of the rinted
circuit bolé)ﬁoor}g J??F’?trﬁ(g%i eﬁ:g?_lamﬂ)ggfd’?I’%ﬁ%’ﬁay%g&%raéﬁnm?}ﬁdbf)o ¥¢r Round
to the el aridal3bmSRRORA Heontddied Hetwidee tibk OF edjhceh el ket PTIPLQYL des a
printed circuit_ board | ayer having one or nore_ | andl ess through-holes

t her et hr ouR§t?: T ayemPGB astpmhly $aviag dirpo A morePSPdayest. dinis ipjspded et the
surface ofinfan il Qe Us indlading AN HoRiReiidus R i@ BnP A Aoy

internediate the ends thereof to either the position adjacent one en

t her eof orcomgavigus theisegpeadfiecwnendes elapps@theguyivalepis tleaséof. | n one desirabl e
enbodi ment, in cross section, opposing sides of the interior surface of

t he through-hol e have an outline generally in the shape of a hyperbol a.
Because the interior surface of one side of each through-hole has an
arcuate outline in cross section, each through-hole can include a single

t hr ough- hol e conduct or extendi ng therethrough or a plurality of
electrically isolated through-hole conductors extendi ng therethrough. The
ability to forma nunber of electrically isolated through-hole conductors
in a single through-hole enables a reduction in the nunber of

t hrough- hol es through the circuit board that are required for passing
signal s between opposing surfaces or |ayers thereof. Thus, the use of

| andl ess through-holes or vias in accordance with the present invention is
capabl e of reducing the nunber of through-holes or vias required in a
printed circuit board to pass signals between opposing surfaces of the
printed circuit board. [0105] The present invention has been described with
reference to the preferred enbodinments. Oobvious nodifications and
alterations will occur to others upon reading and understanding the
precedi ng detail ed description. For exanple, nmulti-layer PCB assenbly 60
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was described as being forned by | am nating together PCB | ayers 30 and 42
with or wwthout an insulating layer, like insulating interlayer 140,

| am nat ed between PCB | ayers 30 and 42. -22 However, a multi-layer PCB
assenbly can be formed fromthree or nore PCB | ayers | am nated together,
with or without an insulating layer, like insulating interlayer 140,

| am nat ed between one or nore adjacent pairs of PCB |ayers, with the
circuit pattern of each pair of adjacent PCB | ayers electrically connected
in a desired manner. Moreover, an electrical conmponent, e.g., capacitor
134, was @ednyenienClaimedisng connected to tabs 92 and 108 of adjacent PCB
| ayers 90 and 102 of nulti-layer PCB assenbly 104. However, an electrical
conmponent; can 4b t {ween tabs of adjacent or non-adjacent PCB

| ayers olf a réuﬁgfcﬁﬂl%gglgrc(a&@ggéggenbly having three or nore PCB | ayers. It
i s intended t hatlectieally barelntiianshbet ward twittegh dect'rdﬁleb(hﬁibdhglsalahngtU}’)Hayer

nodi fLcations and alftera i.ons insof ah as thleg%dc n the scope of the
appended “QYRINgeo5rsuffRee 8 theysondpiye shesledt cleCuogleppite rW/Sé‘ ing poetpm; lared | s:

1. A cCir ebldringOmbthef QiPAce IfMBe c&fdu@ﬂn@czrylfebtcﬁld' ah SIeRebehdsyed SISRhtifoalrd Wi th
an el ectrodeposited insulating top layer 5 covering one surface of the

conduct i Vayespiering amedgecdtherpagedivesbietinsul ating bott om | ayer covering
anot her surfage Qf.fOg c%ﬂ%‘&‘ﬂ&t 4;)13{ ethé Q@?tl%fépqnfaﬁﬂe %ﬁ rl?quaD% n el'e&rsxgaluat' ng
e of the con

edge |ayer covering ctive's an e
conduct oICOmChJCtdnenttlmbdttayehay@“foftﬂwe:imchitbuzirti dndar d and an el ectrl cal

condygtor on th botomla er e circuit oa t h- hol e
or vﬂg througﬁ }fo&lqry%la r}‘néhet iﬂ"(ﬁlfl‘éh ﬂﬁa rﬂbgq'a holg H?ab’ h2hol e

conduct orhrexgtensle ngoﬁdhabetémaug@ eh&éethfough! éuctﬁ@ﬂgeccbhﬁ&uh@emel grediiaal
conductor on the top |ayer and the electrical conductor on the bottom

| ayer, t§8N4UStBEQH rﬁhehfep éayee giththe elsetrispleondpcien anythe bejfam &ger thsrhtonegh-hole
el ectri C%l)llldﬁcfd? Q%ﬁfch”ﬁ:s%ﬁ?éﬂt fr ¥ tﬁé"el@étﬁ@élfy%ﬁ@t?&i‘v%% et 'bg%h' lef’etcfr@cﬂa osited

t hrough- hol e ['ayer, wherein an interior surface o |'ect rode osited
i nsul at i epulesing Fdrrgughhﬁgll@et a\ﬂ@ren@almmrgwutffa@mfahqa@i;actrpdnpoadqdanm’ratmghe t op
| ayer, cof cir osition interne |ate and
ho bt SHOTRTROE Sbr RaRERet fof nBGTIM St GE Ride B bifansah st an
inter rredlpatlaoﬂi veertrepiatcaghe rropiadet bl thetbotoml lay@rofqﬁe theuichdedlidnd Qwerrgi:st 0 a
position nl a}]cent the bottom | ayer of thg circuit board.

e position intermediate the top layer and the bottom layer of the circuit board to a

position adjacent the bottom layer of the circuit board.

20 2. The circuit board of claim 1, wherein the insulating edge layer includes at least one

opening where at least part of the edge of the conductive sheet is exposed.

3. The circuit board of claim 1, wherein, in cross section, one side of the interior
surface of the through-hole has an arcuate outline from the position intermediate the top
25  layer and the bottom layer to either the position adjacent the top layer or the position

adjacent the bottom layer.

4. The circuit board of claim 3, wherein, in cross section, opposing sides of the interior

surface of the through-hole have an outline generally in the shape of a hyperbola.
30
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20 2. The circuit board of claim1l, wherein the insulating edge |ayer

i ncludes at | east one opening where at |east part of the edge of the
conductive sheet is exposed. 3. The circuit board of claim1, wherein, in
cross section, one side of the interior surface of the through-hole has an
arcuate outline fromthe position internediate the top 25 layer and the
bottom | ayer to either the position adjacent the top |layer or the position
adj acent the bottomlayer. 4. The circuit board of claim3, wherein, in
cross section, opposing sides of the interior surface of the through-hole
have an @ut| i A&e geeidt dard of elaimhb fotibgranddpdiag hppualip|od clegdicalxpnguctarhen
circuit i . [ I . i I ical
conduct or 55 e & e Sl bt 4R  bREUIELPRe BB dbRkofs 85 B ARRDY 1R

el ect ri caf the@irduicbaard, vdreréihe bottom | ayer of the circuit board, wherein:

t he through-hgl e includes a plurality.of e through-hol e conductors
extending 5 eF}E?‘fﬁh(E}l?th ;m‘é‘g ?Wﬂ‘ﬂé&ﬁ-‘ﬁ%ﬂ? %Wtﬁllj‘gioé‘? cprdugfary. iexfending

i sol ased tidr@Rioagigh ot her through-hole conductor; and each through-hole
conductor is electrically connected to at |east one electrical conductor
on the top | agesh @rpghtholcegendugiar & elestrically iselotrduitereash othes thiougloheleayer .
10 6. The eileiopidngboard of claim5, wherein an interior surface of the

t hr ough- hol e converges froma position adjacent the top | ayer of the
circuit boardetar thrpuehitdlormonduttar sededtieallyheormogted ayeat lrad driveelbatitam

Lop. | ayeF Y R Usoe BRFT 4y Gr el e oo BORGSBASR on 15 -

adj agent the bottom |l ayer of the circuit board. 7. The circuit board of
claim®6, wherein, in cross section, the interior surface of the

t hrough- Rel e &8 disuiarlast of M Ae e tae st tSusiace @f cherbiionglehelke t op
| ayer an@om?%esbﬁs&osn ;&&}fﬁ,ﬁeaﬁgt&% Eqﬁé é%dﬂﬁ?ggsaﬁ gl%”ﬁjﬂcgﬁtaﬁ&ﬂﬁ. ﬁohg O@ggioggyer

or the position adjacent t r. circuit
cl ai m 7, intbmrediate thegop layss asd tiei tottouf laydreofithe oinrght baird ahdidivarges diwnl thee

gener al | %o'siplortl ri‘rﬁer?n@%%?e 81fe t86‘ ef‘aysélr gr?d afe t?‘ott%XPE\E/QP&a the circuit board to a position

15  adjacent the bottom layer of the circuit board.

7. The circuit board of claim 6, wherein, in cross section, the interior surface of the
through-hole has an arcuate outline from the position intermediate the top layer and the
bottom layer to either the position adjacent the top layer or the position adjacent the bottom

20  layer.

8. The circuit board of claim 7, wherein the cross section of the through-hole has an

outline generally in the shape of one side of a hyperbola.

25 9. A method of forming a circuit board comprising:
(a) providing a circuit board having a through-hole or via therethrough;
(b) conformally coating the electrically conductive sheet, including an interior
surface of the through-hole, with an electrodeposited insulating material, melting the
insulating material and cooling the insulating material, to form an interior surface of the

30 electrodeposited insulating material in the through-hole that converges from a position
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25 9, A nethod of formng a circuit board conprising: (a) providing a
circuit board having a through-hole or via therethrough; (b) conformally
coating the electrically conductive sheet, including an interior surface
of the through-hole, with an el ectrodeposited insulating material, nelting
the insulating material and cooling the insulating material, to form an
interior surface of the 30 el ectrodeposited insulating nmaterial in the

t hrough- hol e that converges froma position -25 adjacent a first side of
the circuit board to a position internmediate the first side and a second
si de of adiAeenép fueli Sﬂdedtfatﬁ%l,w@hhb%rd/& yaesifionpiptarmedipiedhe fiss sidaaed geetaatde t he
first st bhGit AEFOMAISIHGLQT rHRaNC HbGHb! iRaRHialCu® RASd o ad acent
the second side of the Citcult Boar ; ?cf orm ng a conductor on one side
of the cawhdsidabf thecoaticboard ecd pastainladjactnt¢lonatuatd side efhleetircu{tdparkior m ng

anot her conductoor aon the other side of the copformal |y coated .electrically
Conduct i ve shibt . StaerpaheRy °F S5 S0 Br - RRHIILE GPeGH sifuTeally
el ect sodephstiteshebthisul ating material in the through-hole, the through-hole

conductor electrically connecting the conductor on the 10 one side of the
conformal |y cé@k ed femdes apethpr gonrdystpncan the etheesidgnef theecandoranadly osoatsd t he

other  gj.@gicQi QusRfRLdil gy coated electrically conductive sheet. 10.
The nethgd g?‘%f{h}% 9,Smﬁe?éﬁn: step (c¢) includes formng a plurality of

conduct ors on(¢he dorenisg aéhrofightlmde comfuctomah ithe elddroderaisite mbdeating matktisl

conductive sheet. step ( includes .formng.a plurality of cqnductors on
the ot h&t ﬁls‘f’i tgré)ug?'hf’ ﬁe&ectg‘)rwlgﬁﬁﬁtél %?ng%cg?reﬂecgﬁl%a(]:&rcloe?aﬁcf'ﬁ}g (E]}?n‘&ﬂﬂ‘glt'?t?/reoré Heet -

st ep 10ebn¢ sidt oS chieforrhdly dafel dledirichly edndubriveugbet ARl theCoORdliter @h Shedithéhe
insulating .materjal in the throuah-hole; 20 each through-hol e conductor is

el ect ri ¢F 10§ thesgnioraally ¢asipdedecHigtineonduptivud®ethol e  conduct or; and each
t hrough-hol e conductor is electrically connected to at | east one conductor
on the one side of the conformally coated electrically conductive sheet
and at Il@ast die mathrdidtclaim@whedsin: ot her side of the conformally coated

electrically %%qu:i%l\ﬁgessf}&&%%g a%?urality of conductors on the one side of the conformally

15 coated electrically conductive sheet;
step (d) includes forming a plurality of conductors on the other side of the
conformally coated electrically conductive sheet;
step (€) includes forming a plurality of through-hole conductors on the insulating
material in the through-hole;
20 each through-hole conductor is electrically isolated from each other through-hole
conductor; and
each through-hole conductor is electrically connected to at least one conductor on the
one side of the conformally coated electrically conductive sheet and at least one conductor on
the other side of the conformally coated electrically conductive sheet.
25
11. The method of claim 10, wherein the conformally coated insulating material includes

at least one opening where at least part of an edge of the conductive sheet is exposed.
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11. The method of claim 10, wherein the conformally coated insulating
material includes at |east one opening where at |east part of an edge of

t he conductive sheet is exposed. -26 12. The nethod of claim 11, wherein
the at |east part of the edge of the conductive sheet is on a tab that
extends fromthe circuit board either wthin or outside a perineter of the
circuit board. 5 13. The nethod of claim9, wherein, in cross section, one
side of the interior surface of the through-hole has an arcuate outline
fromthe position internediate the one side and the other side to either

t he posi?ion d8f aedwd aflsleimrd, whereinghe atHeasppart of bip edej efdbhieonduetivstshest si de.

L. T, TR 08 B AT e ST Pl B A0, ESALAD, OIS orafieral e, o
i sirihdl FhPab et R

the interior sur the 't as an outline genera
t he shapeardf one side of a hyperbola -27

5 13. The method of claim 9, wherein, in cross section, one side of the interior surface of
the through-hole has an arcuate outline from the positibn intermediate the one side and the

other side to either the position adjacent the one side or the position adjacent the other side.

14. The method of claim 13, wherein the cross section of the one side of the interior

10 surface of the through-hole has an outline generally in the shape of one side of a hyperbola.
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