SI NGLE OR MULTI - LAYER PRI NTED Cl RCU T BOARD W TH | MPROVED VI A DESI GN CROSS
REFERENCE TO RELATED APPLI CATI ON [ 0001] This application is a

cont i m atwoneeguspast (ClP) of United States Patent Appl ipcatisessNm9o7

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

Manuf act ure Thereof, which is incorporated herein by reference, which is a
ClP of United SSHYIGEJEZQWI%LA@@%' R ERINFED GIRSAUEBRBOARPeq june 27,

2002, entitled "Process PYITEBMPROYVEDMIADESEGNuit Assenblies", which is
al so incorporated herein by reference. BACKGROUND OF THE | NVENTI ON [ 0002]
Presently, printed circuit boards are fabricated as part of a |arger panel.
Each printed circuit board can be configured in any shape, although nost

printed circuit bogs S%RE‘FENEWCE’T@I@EEA‘TE@GAPPLI@&TMU' ar shapes of
standard sizes. Wien fabrication of a printed circuit board is conplete, it
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board. Rather, tabs are left at several places around the perineter_ of the
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woul d vagicle ietalfyinbSofatadt ichgn by @€fefdce.l N this way, no conductive metal is
| eft exposed on the edges of the printed circuit board. [0003] The existing
met hods of cutting printed circuit boards fromlarger panels are

unsatisfactory for hi ghBAeGECROUESRQE THEBISENTHAN| i mi t ed di nensi onal

st abi | j the printed. ci.rcui t sl IS i f one
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Ci r cuidusting=or rdutingrprechisatie wiiclgeschafmdidatept epund the printed circuit board. In
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 unmtil 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



about 2 watts per chip, conduction to the printed circuit board is
sufficient to cool theintegrated circuits without the need for bul ky and
expensi vewbeads/ssmks. | n high performance systens, howevemrusa®silh@orensity
of the system and the percentage of the substrate covered by the integrated
circuits increases, the thermal path to the printed circuit board is |ess
efficient. At a point when the density of the systemincreases
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evol ution toward higher systemdensity and | arger integrated circui.t.
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[0006] It would, therefore, be desirable to overcome the above problems and others by

providing a printed circuit board having one or more printed circuit board layers each of
which has a conductive 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.



nore tabs termnate in a recess in the perinmeter of the printed circuit
board, hi a second enbodi nent, the broken end of one or nore tabs extend
out ward fwormadnasmeri neter of the printed circuit boardrr®a8Zjosdin@oe7
conductive plane can be formed fromnetal that can serve the dual purpose
of conducting heat away from el ectrical conmponents di sposed on one or both
surfaces of the printed circuit board or printed circuihpgfa d |l ayer _and

U
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external |y coupl ed nmechani cal fixtures and/or t rovi de el ectri cal
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t hr oug “holeg 8 Vi as exten ing all %r part of the way therethrough. Each
| and| éssutho qighidbal mtbfovile flew dedicatiioym tenpiinfed edtctid boawl foi exiemaliye

deposition_of cond ive materjal therei he tternj ng. and et chj.ng of
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wthmglyeglor% tdadv@rclidamdan each exposed end thereof. SUMVARY OF THE

| NVENTI'ON [ 0009] The invention is a nmulti-layer printed circuit board that

i s for0@e8] fRaompaingdducicduitt joand layer wae dncdidecone ohpwrel andlspihrongi-holsy € been

| am nat ed toget her,. Each incl yd I ' '
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sheet ,qegifatily soh Blur&tobatilion thayRpodames! emdaniideatesivl thaet, die phering
conductive sheet, an insulating edge |ayer covering an edge of. the
conduenilwichéngeef saitheprguel Yecmpteripbanddthp fQraratiqe of dhe &’ﬁm}ﬁﬁ}fk%g? 8" YR ur f ace

of at |east .one of 1t bottom |l ayer. An insulating interlayer
is sa cﬁﬁng %Ualegae C{/\%ne%%gtegg%geﬁﬁgaé&g f'a first PCB of the plurality of PCBs

and ? bottom | ayer of a second PCB of the plurality of PCBs. [0010] The
i nsul ati ng edge | ayer can_incl ning where at | east part
of the edge of the conduc@pwg‘%éég%iﬁ;%?{ggﬁﬁ%mn At | east one P
el ect b6 ﬂ%ﬂ’v‘&{t&h’i§ %qﬁtﬂtﬁ§ycr"iﬂrfnl%wéirc|uitrﬂofaﬁi {Hanis BraQN YRt 4 pRr@AFLE can

el ectrical’ly connect e circuit patterns on the first and second PCBs by
way ofprivtel cinewit doirdg (PEBerthatylave been laminated together. Each PCB includes an

electrically conductive sheet coated with an insulating top layer covering one surface of the

conductive sheet, an insulating bottom layer covering another 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
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[0012] The circuit pattern of one of the PCBs can include at |east one

el ectrical conductor on the top |layer of the one PCB and at |east one

el ectri cavocoswlisgioer on the bottom | ayer of the one PCBpcAvusbeoswgideonol e or
via can extend through the one PCB. The through-hole can have an el ectrical
conducting interior surface extending therethrough electrically
connectingthe one electrical conductor _on the top |l ayer of the one PCB and

t he ortke eneeleetricall copdwdercebihedep {aver pbibe one PAR b theiong elrsiopbepndpsior

el ectrj.cal uGt.i i i ur fri-cal. i rom
Ehe. eiouc e, SRR Shish b b WileOPCBLT LAC SIAaPOHERNE BRHY shIRALEL bt
[ 0013]elebhécallpt igpliated Hounf theeclodtritdily tondmate héat tnann dosutsingetHrough-bole

position adjacent the top |ayer of the one PCB to a position internedi ate
t he td@’qrayer and the bottom |l ayer of the one PCB and can diverge fromthe

post L118p13) n%l%.rim%giioﬁglﬁﬁatcg%ft&%othhﬁl BlhoR Wn! REvHRL HRR Eﬁ%fégg?g]ﬁdj%é&t BRAPE to

a positio acent the bottom | ayer of the one PCB. n Ccross
sect i dayer ofichesombePGB to hepositibe nntermeslinté duetopflayenand theobmjtonhbiyer efitheloave an

arcuate outline fromthe _position jnternediate .the t |.ayer and t bott om
ayer G 81 F v o8 ARG Laf deibSHHTE Tl g ang o ke B9 e "'

adj ac%‘éffd]?tobﬁ%ésﬂiﬂﬂzﬁi\jﬁfentth@b@ﬂ’t&ﬁ%y%%fﬂféfbnp@mSl ng sides of the interior
surface of the through-hole can have an outline tgz_gnerally in the shape of a

hyper HO0®4] Ih000S] sethencome side qiathe antarior swiaceod! thigethrob-hodh cambpiriana

| lity, of electrigcal condt . on..t | d
oo bt BhE b B ARNE 85288 ol 18R BRY MleyBhobey 16 SR8 88
t hr ougshidhendpiceni heaap 18pet @Rthd Posdtigh adjhecnoriee B&om Thyer! Hn augh-seedien, can

have a plurality of thraough-hole conductors extending therethr Oilg_h. Each
t hr oudiPPRYNS siéehaftedntedansusiace pEthertigyghrolessndrge 21 putking gereralin iy the

t hr ough- or by the insulating through-hole |ayer which is
SO ERRA

di spose € electrically conductive sheet and the plurality of
t hr ouqDo18]| Ehecairuditgiaties. offeelof iy BPUBH chroinelciorsdelutabity eelediecad lcondudtaal | y

connected to at | east one el ectrical. conductor on, the top | ayer .of the one
PCB arf e tquolayer qfé%%?ﬂf‘g%‘éﬁ@rl elyraify ng&ﬂ?? ForshcioReOTh e POHPIAGYS %bf t he

one PGR. ;LOBERl AMbBNERbR or S (RGN thideich MOMEPER! ahe Ao6ANKSIIEn T r Om a
position adjacent the top |layer of the one PCB to a position internedi ate

t he t dpveay eturalitgt ¢t thrinaghi-lote |capductat axdendore teGBhrough.c aRadi theeugh-helom t he
20! 1 Q0 TLSCIEd BLE Loy 0 B AR SMULAAR! (Shad BY%ED 0
insulating through-hole layer which is disposed between the electrically conductive sheet and
the plurality of through-hole conductors. Each through-hole conductor can be electrically
connected to 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



[0017] In cross section, one side of the interior surface of each

t hr ough- hol e conductor or one side of the interior surface of the

i nsul at i ngot2hesmsgleshol e | ayer di sposed between a pair ofpctrhusemgh4dvot e
conductors can have an arcuate outline fromthe position internedi ate the
top layer and the bottomlayer to either the position adjacent the top

| ayer or the position adjacent the bottoml|ayer. Mre specifically, the
cr oss teethrough-lefle comdustne osithe ong sidp of iths tsrsr sytfrenebthsiipsdating Bisbnol e

conductor, or the one si f 0t epi f phnsul ating

t hr ou}ﬂﬂeolf%erl‘:&?E?Vecaélnc’%gl\%eegeanﬁ%% tlb i%neeghageg\céfﬁel %ﬁﬁe%f){ }FP&%S "'é%e of one side of
a hypeodm] Eheli@k8bn Thelsb Avasthb@Bf FEmihs 8 neultidayredirodit boandi coqpaisingl (@) - | ayer
circuit board conprising (a) provjdi ngnr a plurality of circuit oa,rdﬁ, each
ci r cuiprotidngda crlnpalitys i g cEsiit beatdsi eagh P dbRare veoramisine @BnfiGPivEriY
coated with an i ' rd.al : 1.AG; i el kti e of
the cif ﬁ%‘?ctt wﬁgl& eg 2&%2{1@0@%&@ g%%%%l\lg{ﬂgé ﬁ:alﬁ%}}ta@’o(%) goﬁlﬁoltl rrﬁge% ﬁi(;g:‘t E;ltm(F;}gt gl?r cuit
boar dssne @ the(dicuit doirdat (ch forintiver phaconad cirguiodn anatleeridf thxocrcdd boaglet dnelr(dhi t h an
insulating .interlayer disposed. between the oEe circ '{.t boarld an(ﬁi t he., ot her
ci r cuilempBirg tho@lugality ¢heireyt bpards do gt iarncH’rSPg‘ iB§ JREFRYE) 5P nect ed

by way, afedhife iUtk Haerd SHdtht BIEF cirdu®AbAld HROWith kOt ardPRcdddcditags at

| east one conductor. The conformally coated insulating material can include
at | eagdéctrivatly epridcteg hyheaeofthe irsabting énterlayfer.an edge of the conductive sheet

IS exp .. The. at. | east rt, of the edge. of e Cco Ive be on
2%t oo OREH] Tael it cRRanRE by BocsiBe sBRRGE  TAF cGRBRHah, YR BRhiabap

peri mgh&kriffcahNBc16is GHidasto@R shenkfd0vRdre Thaedrephrcbicanedgaadfutle connicavenl |y
coating a through-hole or via'in the conductive sheet of the one circuit

boar d shietths eeosedis (ihatat depsirpare of the. edae of dbes consiystiyhshsgheambt en adaithd or can
be forned .on at, | east. rtion. .af faor t i atin
et or 1 SR Bpftnp RS RoRS Flth Hylin RESHRAE el of B Gl Bokant | 10

el ect gbgm]lmeclﬁeﬂne@tc@ﬁi ifdudt cdn€@aiallg Reatians dabogh-bbletoneid inr the condwwtive

formed on one side of the first circuit board and/or to at |east _on

conductheet of thenengsarcuit rhogrd Wity thedinsplating BtgEsl sifdeleait et Wéghéli“ﬁﬁui t

boar d. [ i ' ial i

el ect r‘iot[rzlg\q‘ﬁéll c|a‘:§|;o %af?%%&fﬁ? gﬁgﬁﬁhiﬁgb@g&rﬁgﬁ%@é%ﬂg& %g%gg%fﬁlg%tﬁrrlgl%e%%a? ed

i nsul ai Migrotigh-Boleal THenoriehrdutzhchodh edratuetor Eac e teheatrigpiilyaosnenteddiecaideastan be
onnected to at | east one r of the fir

el ectrLoal LY, SomSELed, Lo.at 1 225t one, SOndUCtor, of MG thL i S Ltk

e s SR SR e b e L

f r om aj0p2H| Tlie;)meﬁldﬂa:anralsodnclu@e forming a plurality of electrically isolated through-hole
conductors on the conformally coated insulating material in the through-hole. Each through-
hole conductor can be electrically connected 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
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surface of the one circuit board to a position internediate the top surface
and the bottom surface of the one circuit board and can diverge fromthe
posi ti on wotesensgioat e t he top surface and the bottom surCaas2ab/otiyer 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

t hrough-hol e can have an arcuate outline fromthe position intermedi ate the

top septagellnthe tesstseighrs therassidookibeaeriphgirfrssiof it aA ce Cthe top
surfa%gvé)r éﬁﬁg$§?4$%51§”nq§% %%gg f§ siﬁ’é’%fé)ﬁ‘ggfe%cﬁé‘ce' Mor especifically, the

cross Sectt ne e Interior surface of the through-hole
can h3gee24 mHeuinkémpnge risoak lcyrcuin tohel glaapechafes ameelsiteealtf cenduyiies bindeh.
[0024] The inventign,is also a circuit board that incl udgs an electrically

conduéPipe ve e ingaiingd ORI SRV RS OPEFIHI LY H0G AP DPFng BITRLEE f ace
Of 1 NSoRBAMGL 4P ShothNadriEe bR ColRLE RN BY Bid G0 YRkl g 200L Mer
surface o e con tive sheet and an 1 nsul ating edge | ayer coveri'ng an
edge ebvéritg moadhecdfi the cemdvetive Tiet.t dpe ey biyendf thheirchit doatd ddodndudaan

i nclude an el ectrical duct dt bot t I f th i it d
can | edactirel gandicsc; mESe POITTGRE Oh i Cutgh bhatecst A h s
thr ougln§figarCiA gﬂbﬁg}pﬁlﬁé &r viiRen kg aioha] e eabuit BeArdeha tirbhghiBble kah e

conduct or extendi ng therethrough electrically connecting the electrical
condudndndeomn thrineght loge benyducton extendiog shesethraugh lelestivally comesting He drstmein

| ayer. The through-haole c uctar. can be._ el ' | y..1.SO he
el st by ol rve SRR b TGS bt biRuttrleRord kb Miozs)
The i eyl GnestofedtayRly is@atel Minitdie dbcttiedBi condectreshicagbheisulting east
part of the edge of the conductive sheet is exposed. [0026] An interior

sur f adhroyghthke la¥arough- hol e can converge from a position adjacent the top

| ayer (o ) r . i1l | r L nd the
bor ¢ orf0V %) efhegib iite, AR Ry driafl iBATAS bORalt S (PBARE ek o o8
i nt er rsdde af thetchaducdipe klageeis expdsedhe bottom | ayer of the circuit board to a

position adjacent the bott{om|ayer of the circuit board. [0027 n Cross
sect i dA024J n&“ &tﬁ@rosi‘lrfﬁ%oﬁt t%? dhppgh-bolercap copyergs Bopng B?J%%Qr{]ﬁ‘g %C‘%‘Eh’eﬁaple an

ar cuaty eql&flt%éﬂ'&rg 08Bt R zﬁ’gﬁélg%xjﬁ) ﬂltérﬁ{e@{a@éeﬁfe%Bﬁ 1&3@? ah@hel RYBI BYE dhge POt t om

| ayer 't0 elther the positi acent the top layer or the position
adj acetitcuit h@atibttdnard diverge Mbaneths pesitibh daletpediata the dos layec andithe bpipusi ng
interior surface of the thr

;ieﬁ:f ég}esyto? ﬁ‘let qieuyd I]i’ﬁffél tga pgsmla @Flﬁgq:rﬁthe l?ot{%?ﬁ ﬂ(})flereoﬁﬁg cirr]c‘?{l\{teboazft?d.0Ut line
[0027] In cross section, one side of the interior surface of the :chrough—hole 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, 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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[0028] The top layer of the circuit board can include a plurality of

el ectrical conductors and the bottom | ayer of the circuit board can include
a plural iwg 2066/88m6t ri cal conductors. The through-hol e eamushasovd®on
plurality of through-hole conductors extendi ng therethrough. Each

t hr ough- hol e conductor can be electrically isolated fromeach ot her

t hr ough- hol e conductor,. Each t hrough-hol e conductor can be el ectrically

connectEdit bpasd and £ap diyrass framy ?l]iedéﬂS“E?é‘n’(‘}EF(l,"tnSﬁhaE?nthF Hep deysT 28] dhe RAHeEr "t o
at | e%&eﬁ?@%@élﬁﬁﬁﬁ Hoafd toci)MHfothfd a%@ntttﬂgb?l%rh MUYk BY @ cirb@PBIAgAN i nterior

surface” of rough-hol'e can converge om position adjacent the top
| ayer 9930]him cios< qutloboand side &f megntelrmn surfacr ng theatleoudhehdlopah diage aand t he

bot t I f th t b di f th t
!t or i £ e TG oA e PG CRlaPI YA o i o U 1o SIORF Bt o o

posi tiuitas AGSBht fHR&op MyleP B ﬂﬁ)ﬁi’sﬂfbfn atdh”%aceﬁﬂ ﬂh@ Wo?toﬁoﬁﬂl& Mgfé’a@ecﬂﬂ%aﬁ& 0SS

Q)
section, one Side of tﬁe interior surface of hr ough- hol e "can have an
ar cuattae ou¢ sidnef theomesstrectpmsifithomtdrior svitecti caftﬂ@e ﬂlh@lghdp)kt earelravarad outlimebot t om

| ayer to ther t acent thetoplayer or the position

adj ace%etn’f & PG EW‘? P%pre Sl{%@%’&‘@’ %% cally, the one side of the cross
secti ojo08f] Lixelyl tHeGhVetion s & agethddll oft foemindr Deiedtritaed Qﬁﬁpﬂi@lﬁ@ (B'Pr&¢lingne
generally in t%,e shape of one side of a hyperbola. [0031] Lastly, the

i nvent? GHCVis bearbhrvagod thigheh-hgleaot via therethiouel @onpenfemily syatimeothedi ng a
circui éle{%ﬁ@zﬁgﬁ du@gv sh@erto uc?r?é/%no te o? stupﬁFee ?rtﬁé’Qﬂmu%?)hofeo%ﬁ{ %l ly

coati ng r|ca Iy co I'nc |ng an I Aterror surface of
t he thmsxﬂgﬂmgmhenaww)rfomngmhaidtmﬂmieesideadfthé cOnfbnnaﬁyr@a&dcmmﬁu@nlgr on

one si de of t n mal |y coated el ectri aIIy conducti ve sheet
f or ni n“g’néﬂ‘iﬂ"l‘? ety @Lfefrsmgcﬂw it Codhitor ondbe piter Fide b Hsande ié’dé’?@&

el ect rieahball,COMENTY ShRbofld (F0nkR) { ABhogna tﬁrougﬂr Bﬁltﬁeq faduggor on

the insulating material 1n hr oug , hol e con

el ect rinatatibly igothee throngh-hble, dbe dihoiugh-lohe tdmdm:ter silehdricailyt lhenmwsotifigr thel I y
coated el.ectricaglly co eet_and t ctor on. the other side of
Che. CoPBRTR Ph kb RPEdts Tob el el BATaet e g oG0S T B can
i ncl ud@ntinéBl HYR JBhdsalel 6th@Jonﬁﬁﬁﬁﬁ9ch£t§d eRctlReNP e@ncﬁlbﬁl@e Meet he
conformal |y coated el ectrically conductive sheet.” Step (d) can include

f or mi n§032]pdtep aich toymomchldndbunmgsa qriuratity of emdsdtdes of thteonsosifiorafathey
coat S RSB SPAY SRR, YRR s SRl SRl PRV,
thr OUQChmH@étGrs dna®b otHer gidg bf el Rnfemdus coited SlRchRiRaBY Eaidute™ dhkel. SSbIHd from
each Oéa?lel;lclude forming a plurality of through-hole conductors on the insulating material in the
through-hole. 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 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

-7-



t hr ough- hol e conductor. Each through-hol e conductor can be electrically
connected to at | east one conductor on the one side of the conformally

coat ed elwotniemsbioy conducti ve sheet and at | east one ceodwstas/oevot he

ot her 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 dpeerge Gbmt the mg@nomtemedl@@n@@ cmevides n@tathecathelbede pfdhe senformallext ends

fromt hetﬁ% §£?f ﬁll}p %?%(gucﬁvé Qﬁé W L0 bo 1t1{3h a(ai’!a}t@ﬁtdtﬁﬁ% Il dBdahe @bnfolRalgy " Cui t

boar d’ rior sur ace &'Can conver ge froma
posi t icefedeicaeRAly bdirluctiee sheete of the confor nal |y coated electrically
conducti ve sheet to a position internedi ate the one side_ apd t ot her side
of the[%f'tﬁdlﬂ@rcmsl%ﬁc‘é%t% dele of the ANPYOCBREATE QT ViBe Shrowgh é%ﬁ@ E?‘(?e%e from
t he p05|t

conf Oraﬁélla*e out grgﬁF ﬁ'l 3%0%1‘5 op]] %G&l %ethérb‘iitet Q{cf'ﬁlre d:thélesﬁ’é td Bféher the

rica ycon uct|ve eet t0 a position adjacent the
ot her p‘@mﬁen @ﬁjabélﬁ teoofiosidabt thequaitieod aﬂjaeemtrthc athey sniend(ﬁm’clspeclﬁmlet on¢ 0035]

In cross section, one side of th |nter|61gy rface gf thﬁ Egy}g oIe can
have aklest diseresssaptioheanhayppp HEt SPRYT & ShApgiod £ae g Obh %and the
other side to either the position adjacent the one side or the position

adj acent the other side. Mre specifically, one side of the cross section
can have an outline gBRIEBDESGRIPTHNIDAPEDHLPRMEINGHe of a hyperbol a.

BRI EF S PTI ON OF THE DRAW NGS [ 0Q36]. Fi.g. cut Ive

Vi ew dg&’fﬁﬁg Nt 8@ CHAEAY RETPSETYF ‘flg‘&é)? ﬁ%\‘}‘l‘:‘%&l%%uﬁé? % r%t’%%\(,:\%% é)te?f@ga%l ane
surr O%H@&tlmf O%lﬁ!né Resbarideddbyaie fsalatih® rAseAs1danecdttidtet With pthe s@Bsent

i nvention; Fig. 2 is a cutaway perspective view of a portion of a

pri nt EidVQIlitlpn;ult board | ayer of the type shown in Fig. 1 including a circuit

a1 LR B0 415 AL GRS fAG5 4 DBHESLohOBR S 03 2nd 4

are pl V|ng circ oar ers-fornmed

t her eft?%hd%v@@ﬁ Figancaclwiing 4 leecwt @a&ﬂh fonvedtdnothe $ @638 fieing shficssa pl an
Vi ew o he panels shown in Figs. 3 and 4 |anm nated together wth the
ci rcuithesofard | ayers thereof in registry; [0040] Fig. 6 is an isolated plan

Vi ew O[E)O?S]tlﬁgs.%al%{u the ppa‘ﬁnﬁgv%s oft pEﬁeﬁ§ havin8Wrrérett LikduftebdaPd layers formed
therefrom in accordance with the present invention;
[0039] Fig. 5 is a plan 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 XIII-XIII in Fig. 12;



connect their circuit board |layers to di sposable parts of the panels;

[0041] Fig. 7 is an isolated plan view of the tab shown in Fig. 6 after

br eaki ng wo 20@sp8mse to the application of a breaki ng fecrasa@sloi@d?
thereto; [0042] Fig. 8 is a viewtaken along lines VIII1-VIII in Fig. 7;
[0043] Figs. 9 and 10 are plan views of panels including printed circuit
board Iaﬁrs in accordance with the present invention; {@3044 Fig. 11 is a
pl an VI08¥71dfist hbipanEnsiet Gths ﬁnwlg@d lampated e fopesk lasets 6 ‘étfﬂétl g th the
ci rcui i w of

t he | a% W ‘ger{aﬁ%/%b%cfhglﬁ?ﬁg{)%ﬂli%gg g%t}%g[ %gﬁév\% aﬁ%%t%.%eqﬁnztflﬁggﬁfé ét/dgg from
t he dldﬂ@ﬁﬂbb@nﬁ&bﬁ&abﬁﬂhﬁ@lr respective panels; [0046] Fig. 13 is a

section taken along lines XII1-XIll in Fig. 12;[0047] Fig, 14 an

vi ew of00#Hetigi hyi ep@as FechiPAaltide Wewceli DF g%natetlélgﬂet@ RSP ﬁi f@lyars °f2 with
cer taigot gbs; ntcgﬂﬁr%o i%'n@ld Jﬁsﬁla@tngoﬁ!l’fgrlas}gr fdisﬁ&é&ﬁet&%ei%éeﬂ &I GRHD ahabs

t hereo coup ectrlcal xture 8] Fig IS a Ccross

secti mhlpi;arszlecondtmtmocﬂmpdsedltmghtthﬂ 1rtsnlamngdnterlawl for eteatriballpyonseatihgFi g.
12 incl.uding an o tional j.nsul i.nt er r di sposed therebetween and
with & Qé%ﬁ@&?? @Sﬁaﬂﬁ?hYeEﬁ%B%§§8”€W? g%@the insul ating interlayer for
el ect rqomtl Mgcqan@c; praa GlehCHf tin F8S1hRANScOh L& pARRE iR BardtiSfkr Ghr CUi t
board 1ayers; [0049] Fig. 16 is a plan view of an isolated section of a

pri nt eztcoidenes W1tbd1ac @retsaytemvmtlcmcmhdame lgndigss ttheough-dokentor i ig)ehaviieg a

i ncl udi.n | and] ess | e (or via) having a single through-hole
conducﬁno@ ﬁﬁ%‘l’%’#ﬁ %Q’Gfor |eg§elgi7 is a section taken along lines XVII-XVII
in Fi 90046 FigODbik]a Jettfon thBer Sodg Bh&X VIIEXWf in&Figrlient ed circuit board |ayer
in accordance with the present |nvention |nclud|ng a | andl ess through-hol e

(or Vi @PSHaF/lEnbg i %)Plilfla‘ﬂ?‘t’;? afrimedocigmutnRnaed ByRgincrcsPlapsreeh the HWQGIF0052]

Fig. Sl

eacr BT AR R R BBR R of ar b b  plrg o BROASENE
ci r cui dondoetod thayer adl i ncl udes an electrlcally conductive sheet or foil 4.
Sheet 4 can be forned.froma co f -ni ckel alloy, or

conbi nPPHNESt ]n%’rsé'oglecu@h ?n%i exﬁé é@?{f% i d sheet as shown in Fig. 1
or can be a solid

DETAILED DESCRIPTION OF THE INVENTION

[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



sheet. It is desirable for sheet 4 to have a coefficient of thermnal

expansi on conparable to that of silicon materials fromwhich integrated
circuits woeoteypsmal |y prepared in order to prevent failparasedosadivesi on
joints utilized to adhere the integrated circuit or a packaged integrated
circuit (not shown) to printed circuit board | ayer 2. Describing sheet 4 as
perforate neans that sheet 4 is a nesh sheet having a plurality of

: _hav, ity Q
t hr oughating 8sarointetierssusfasp € sachathrewgiuirele or e pvigladse caoeshvithfoatiag Sy i cal |y

i nsul gtive coal.in LS, f [ 4. This coating 8 can be forned
ar oung[th"é‘ﬁé’é’tpo 1?’?195%;?&#&152%%& E‘gcr?%\?\l%ﬁi%ﬂ'ct%ﬁgl%ﬁt, such as conformal coating.

Mor e w@syt] fi ARk firencORFip a2, 3nfl eviffbcoaminting tbftdnog td Big. | Ayrited Oirovii ledard over s
a top surface 12 of sheet 4, an_ insulating bottom!|ayer 14 gni ch cogers a
bot t okeysu 2f faveed &1 B abRuedeserifpd marner ) Ve AemdpevieRAe TR OR Bover s

an ed 0 .Sh . 15 .C L: i } i or
surf a%gtx%e}rd%%ﬂg r%:fjég%f% thé %ﬁ%?@o%%es%?g fg%lggggﬁ\%\%e?ﬁf t%’(%)?ip }%’eltSﬂ IThus,
no pomlyi waveaiticshepiocdsstss $ketficatig,omdiza dye combienphdolith6gaplic Wedhhiques er ence
to Fig. .2, and with continuing reference to Fig. 1, pri n%e% Ci rqcuit board

| ayer 2pd fQfen@ig moge tnPFéalHB%Wé‘- @g%‘tlﬂ‘il%e(ﬂherrﬁ?ﬁ*@rmﬁ‘grﬁ’aﬁ%‘?}ecag BT 98 Patt ern
for ”E%uﬁwarp qgciﬂ%%ﬁ?@%cgtcgﬁﬁ DYeSH EROEr B JulParli 3¥8hg $QrRBYrdotibiiapst 1aar d

faci ng surface ayer 14 by conventional processes. Specifically,
uti | i Zibig conductive npattermp lvat dhéltdo gmapatied thewighihpless omrviasofd, arlatgdy blind

tal ljzatjon techni .t duct i t f
out vartbroRgERlss o0 Padaor bOf PHE st EaRlss <SSt anr AXRIRMAD St ace of
bot t o AYRE hfmatidh 8F %ﬂgte&l%ﬁizme bRt IRYEr Zand ifee foaendlA-dohaidire pattern,

t hr ough-hol es or vias , plated, blind through-holes or vias _6-2, and/or
pl at ednelhdiogghe o lmose of theivasiows Bpespidthroughidiolepedraiipsst,aagap divey 10 GR4&F i on of
printed,circuit. board dayer of... farm n } ,

el udrHgaded Aors e aPilalidps Bty KDY IR S8 AL Bl 7,
top | aypep, diditRadPescehOFbo0tchaye VidsdF eraliridt Aesensblies” Whish iPatsgiedAppthe cati on
Serial No. 10/184, 387, filed June 27, 2002, entitl g% " Pr ocezé For Creating
Vi as Femedissienpe anths prasentapplicaiionand svhadss srromargfed RereuuereleSnee as t he

prese [.cation.: i i r t . :hy, 056]
The prog Dt hRMALE Y & b dRRSHARKA P RS Pk BcPLmRed 802
f or m aRpgknitie odsdenblpyintl qitcuitedoapt laybssdtocformua tmid-dayctr Ipayndads citaitf beard a
mul ti-layer prjnted cj rcLLit board assenbly will now be described. [0057]
Wth r%‘f*%‘?@ﬁ@éulr’@wlﬂ?egfies‘é? ®6ne or nore first printed circuit board (PCB)

| ayer S[0@?7] &fyGh reference to Fig. 3, one or more first printed circuit board (PCB) layers 30 are
fabricated as part of a panel 32. Each first PCB layer 30 is surrounded by a disposable part
34 of panel 32. In 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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fabricated as part of a panel 32. Each first PCB | ayer 30 is surrounded by
a di sposable part 34 of panel 32. In accordance with the present invention,
each firswoP@B/dsageer 30 is coupled to disposable part 3#cofuspasekosd2 by one
or nore tabs 36. [0058] The general steps to prepare panel 32 to the form
shown in Fig. 3 wll now be described. Initially, a first conductive sheet,
| i ke conductive s si.ze of panel 32 is _provided. This sheet
can ei @x;p@ﬁec{)gu%n%gp {Lprg}arg OgrSﬁ’é éér%rcav%re% iessebite bl hei erRydBetivengheet is

appl i fd?é‘te NS HectGeslly! 1h§l§§t1v%rco§ i %ﬁlsggo%rg PG| sﬂrfg&eof;é)a@g lf?rtohéﬁ sheet

by pattern etching or ‘a machine cutting or routing process to t he
per i mehde oofvueahhadldmsm, tRCB aykebot8in chrfpaneind 3Re edgwsd catiotad 3B defived

t 36 hol h f I 30 tqQ di sposabl e
bar ¢ o ol aResngs Hals “TobBofisRE Loved dnee sl intlrs Yetesar i ng
li ke CORS{iophnd, bo'tt%nﬁﬁi?fﬁ%ést;ﬁﬁ {88 4518 &@%%gatwé/ﬁaﬁ ?@%Eﬁﬁé?f&ﬂrﬁ% BafRon3sr | N a

manner wher eupon the top surface, the bottom surface e edges of the
el ect r$1@f§I38yC@o@i§Qlé>@|Q¢éel§ﬂe@th Hhosdestrcdly wisthtivachathigr SHoRERr| dhieis 86t t hat

d If th
conauciits nEalel. B pRoRLOf e Bafe SRy 5 Rl Trok Bty yoierso.

cover ssurfage ioft &ich Ofia Off thaCRnBhctReChebN 6O PAREI03 2 af cHeRed Ibh @EM]EdtAIIYE he
top and bottom surfaces and the edges of each tab 36 defined during the

f or mat Mgyatdfe ajagng. 38 can al so be covered by the electrically insulative

coat i n@og@hﬁm&@ &eﬂthggsﬁbggﬁ% gﬁﬁgge ug@gﬁxggﬁﬁlza&oﬁg%m@ﬁ&{xﬁw%afI 34

defi ne ring rmatl e covere

el ect rthe airt ynd dssahBEdl wetlmﬂidvegdeﬂtmwwemtedt Biagesi mitdi0 tappReption €elcorpimatedal |y,
however, .all t he ed%{e,ﬁ, diur ces and, if vias are provided, the interior
1 ée

sur f acrgp baaréﬁereﬁmg 3¢ i3, ATyl Raiteny 40,97 eme 9» betheob thgesxpasedy t he
el ect rge@bdy of ﬂ?éJEﬁEén\éﬁllf‘?ﬁsﬁﬂéﬁge &Qﬁégldegl?gﬁed &P%O%&&Bﬂ%@@@ Jﬁ ‘9% ssing
the art an escCr |

t echni ques and netallization techniqués known in din
t he ab@méuﬂd@rshsétlaesbcumdwdh&mmstEJ@Béabterébpl i cation incorporated herein

b f t d f atftern one or both of
the oxIBEIGE BT stud'cof Bon Juiciedy & Wy it 6rBE vledn A raeaabiesy on

t he pogach emstafc efet@sm&ﬁh@a@@% paﬂé@sglsg% @ﬁfg%@aﬁﬁ %&Qt@?&ﬁ first
PCBIayer 30. [0061] If each Tirst PCB layer 30 1S ready f use a

ci rcuiteb ;Sétcpemwtmg epeh first REB leyrsridon, dlmﬁblé pat B4 PERWeays nf Gired,rongeor

o p0ul b RMPAOEL GRBHORP TR PR R D b R b W

desi r ethowah@afbe fonned over circuit pattern 40, with the various layers of circuit patterns
interconnected in a desired manner utilizing conventional processes. Thereafter, each first
PCB layer 30 can be singulated from panel 32 by applying a breaking 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.
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nore additional |ayers of electrically insulative coating (not shown) and
circuit patterns (not shown) can be fornmed over circuit pattern 40, wth
t he vari owe 2b@yssmeof circuit patterns interconnected i prca/wesmisnedormanner
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 |layer 30 to disposable part 34. |If the breaking
f or ce[(053ppRl dledritatlydanhiativebcddfingtis déposipat ombtecronfoetiveddeyt formingmanelPCB

| ayer 30, i.e., at the bqundar et wee ab 36 and first. PCR | , a
port i th IR mEmcE HEHEYPoR ﬁ?e_s“lo_lf’li%ﬁg‘f’eﬁ G DB %Ces%ﬂdd%hf’fgg%c% eég%ﬁ_é%ggd
becoﬁ%&gﬁ% Eﬁejeet WO iafdewithi daah ls¥oond SRES Ak G2emeh wepdexdfoséd anting tisd PCB

| aye perimeter thereof exposes a portion of the edge of the
conduédrinatios beelbtsdi0 dré ceterdOBetehyedf 1BO comdictive shegt isatsriomtadle %?@VP%%I y

connected.. [0062] Alternativel each first [ o] ] can be
| ami nHsBltive coatmig Al FopeEs t ed%%{'log;ﬁu gee fﬁgﬂleﬁlﬁ%%dfg&lg%og%%%ﬁ' E} g‘fd‘]@“’ %genel 44
| ncl UGES. NS TREBeoaRORE LR draxel @b 48 deanaraliad; ho famditsposablespart 46
of panel 44 by tabs 48 defined during formation of slots 50 in_the

el ect camalsh peromdud byvbe sleswically insukéive sgating. t Hee toprandrhotiqay slses fkd
above .in connection, w t he f -] f.. i An
ol oot ey Of bAp il dsifordl MBGAE R fiiGh 8 Sof>d RubEite cifareldnd

for m pg panatalinkilagveesanap. Weveunahis ihsottreguisad: f Byscallyhbowetaroatl ofir f ace

and the edges of electrically conductive sheet_ associated with each second
PCB | #yeeedess Svffaqes\ﬁéééfé)@ﬁéﬁﬁfoﬁlﬂefli%e {HeNQSIRRSS e ﬁ"éﬁ %t)t,}%e %?P‘@‘FEV% over ed

ther elifeos bf plliE 42 ARANELIN S, SHEElbel B RERbAERN Cuoatifig el ectrical ly insulative

coat i r%g SO covers the 1nterior suriface of each rough-hole or via. In
addi t i[ome4] tHaeh tsegondnPICB dbyands hné acesubetteine 52 dgasedopn oaeorthoth 4§ thef i ned

during the forpation of slots 50.can.also be covered by .the electricall
i nsul &KPessd coterey 9f'Fﬁ% ei?%“%mé' H’é’?ﬂﬁﬁ‘r‘ﬁ scﬂ?tf%gigp%?ﬁtﬁgt?%ﬂ%edé’gguogf E)%itfsi'%piosébl e
part %ﬁecﬂﬁfah%%n HvBGHEQT 1RbdifRd GFittS bahSsc2bnE RUTRISRr B8, cr\dRsied, Watth t he

el ectrically’insulative coating. However, this is not rg&gi red, ‘I]épl cally,
howev eegondl PCBflaydred 2 dgre snclede bae o8 mamvd adiitionplakryeiseofpeledirigdly, sty er i or

surface of each via of t conducti.ve. sheet Of r by the
ol ot e §14 HEH BB h gy B et s B sto PR 5 Rl

Ci r cUi LBt e Romreciea i Bt ARireMadkhert@ilibingfcohationflgretssasr f aces of the
electrically insulative coating deposited on th of th

el ect r[DeGH] I Yitb oefdrance (eFighdeandisdbangeng raiPrRced R Ered GAd %@E}q?%% A | f
gfe S|e|r 2@'& ?a[%calgqh }asnelfl%cg ﬁ%%ﬁ%/e:galxez{ G Ao WACUEE LN&BT 4B frsPPER! 1a98abo | ayers
positioned in registry with a corresponding second PCB layer 42 to form a multi-layer PCB
assembly 60. Appropriate techniques known in the art can be utilized to form one or more
electrical connections between circuit pattern 40 and circuit pattern 52. For simplicity of
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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coating and circuit patterns forned over circuit pattern 52, with the
various |ayers of circuit patterns interconnected in the desired nmanner
utilizi ngvoanaeansioenal processes. [0065] Wth referenceptw/use@sosooand wth
ongoing reference to Figs. 3 and 4, panels 32 and 44 can be | am 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

nul t i -doapsponRdR wsewhBCP BYer b preamtithe bourslatn bejssn katoth and se¢padH¢Bcan be

utilized to, formone or. nore electrigcal con t t n,&irGui attern
40 an a%eirr%%i ﬁle%byt?ﬁpﬂs%g.aﬁ? % %Itﬁ%ietd eo?qegﬁé;g@@is%@?olﬁ?&t ?\% afng’rr][rrtlarigon of
t hese RgcrlyTARrRIesithé 6dde SARL B6IdURATe SREVERRcEnd POBtayaURarierd faidnd
circuit pattern 52 will not be described herein. [0066] As shown best in

Fi g. Bab d8sspevedushaeanedted.do not overlay tabs 48 of panel 44 when panel s
32 an 2. lam nated t t he i, thi;s. man . and 1~

form ﬁ86é%l%ﬁ%%tr§?r? ﬁczfygor }I%%% gs%népngr yalﬂgowg{gn cggmg Fl glﬂ%fg%éggéft?gl?@? 'hgi%%

di sposafeletipalyt misRdd 8Nbredibing oas peaiors/aby 36 and ¢p enthenicriofete dahedpthef the | f
desired, however, one or nopre tabs 36 and 48 can be . in alignnent ¥%%§ each

ot her cgEPEing LirstBCRAaye 204nd speamdPitid ryer HOEoIPeEiraly-BE SR dpes er 42
can b I . | i : ; tab 48
conneatd HE B o b e e R R

f or ce thppbiregohding PEIB tagbrs Y adnibiompht cemesponding dpprsalmbt parts(3h ansldfe) of

b S0k GRaRCHet ey o ashers rash o bR HGASisFor iR 31 Dk e e FSE el ona
PCB | ay@hin42re88d of W&rﬂ@ﬁ&ﬂd@l&% BEBay& aRkdipeR, Stertihgkastd @oqforfidifof the

conductive sheet of second PCB | ayer” 42 where said tab 48 was previously
connectk dem{iifd@sittavliado ted BEBrggertextapidg sutsilearperimeterref the PhBcleyern difchg

reference to, Figs. . 3-5, alternativel i nstead_of br j e tabs
36 andsuﬁg tah 35?\‘83 & rwlﬁéiogvr B? 61?505113 Si)‘%g‘f o 1?168?%0?9 g}é%%%elgli%}n{gag £ fgpogtp%é ‘ayer
30 andyseersdit RGB Jeayprecitad theiSIIER tdbvAl of paaBled s sitail& tofeadtodab 38@fpamkl48 can
be configured to break internediate the ends thereof to faciliftate

si ngul 32 imsh thsteforeethedpieinariasaitpticup! Fagrariaryiab an e plicgtdpi gash tab 43.
! . _ Sestred. th ¢
oS 18 PRI, Sl Sl echals 3 e

each s reak can received wthin a

r ecessdigoshible paar 34 SPe HekingtdPeBakiay eexentpdare uitn 86 indludes Hnaadweige,62nalspor tion
of the tab remaining attached to the PCB | ayer extends outside erinmeter
of t hekipER psg Sharpywkchs glometitsdengha ddispgargwing ﬁév@nﬁblea éé?fPPlsl’eYdt%w%tﬁﬁo

respech o .fR walEaeH 24 %o&iﬁ%n%e%up%ﬁ'&lemﬁ?ary tab 36 separates into a first part 64

that remains attached to first PCB layer 30 and a second part 66 that remains attached to

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

-13-



However, it is to be appreciated that each tab 48 of panel 44 is simlar to
each tab 36 of panel 32 and, therefore, the follow ng description of

exenpl ar ywoaboeassios applicable to each tab 48. [0069] Avcshusesvsiomobi g. 6,
exenplary tab 36 extends between first PCB | ayer 30 and di sposabl e part 34.
To facilitate breaking, exenplary tab 36 includes a narrowi ng 62, also
known as a Charpy notch, along its length. This narrow ng 62 enables

exenpl shegt TSaimdthe tsorrbustiig electaicelly insulefiveeohtipgHiQ | Sincavbely she distag xadgbar y

tab 36 { L nt fi t. 64 that j t L d fi PCB
| aver olguanentobek iy s ilecs mal Rorterr L Al s A0 Shnt e i e
[ 0070] 78T Bgy 2B SsuBhtasthQk/Sa1B8f q%&f%éoc?f: flgﬁtﬁ%%%sf&{dueﬁm&f y8tiakoRGed®li ne a

recess 68 _W|th’|.n a perimeter : ayer 30. For purpose of_ the
pr esertleddsdlyi pasubiive peoatingt & apd, eorei paticpamky, e inssirtingcedggeyeheofout er

edge 7 f. first PCB | ayer,.30,and.the i iha t ensi efr edges
72 2 cr dehealbr g coBlE € ARMIAER, LR RER Y G ol Hinthe QYTE, o
Wi t hi nelp@fitdIBE @6ndiRtiod shidtsts RicBeledy #ith3the ietlating Wigs laxanpl afocti@ily36

separates into first part 64 and second part 66, a distal end 76 of each
first ipapletieacaatingBhisayeidgdt hin recess 68. [0071] Wth reference to Fig. 8,

and w [togzg]ﬁpij{l% %&t@%@[@%&{dﬁ%  Ai3eBf Gl FUBHSer B0 seBbRERCB 1R 42 FHn! ayer

30 and e an electric y conductive sheet 78, |ike
sheet ®e utilidet o cdnduciOiadaeawsy fromesie@tiend compahdnys dissased bhvwae cobathrsgriBées | i ke

coating 8 in Fig, 1, breaki l. tab 36 || t] 82
o i ¢ RSBt A TEEED S
el ect ri,cal o BRHLRF b0/ @a&@é‘ﬁtﬁl%d%@gréﬁ&cﬁov@éﬁaﬁd%n@@Tefélctrﬁ:ﬁﬁcoﬁ‘p&ﬂcen‘fsi rst

part 64° of exenplary tab 36 includes small portion 82 of electricall
conducdispesed heetthd Suewpds étings shdfacast palnhyltidhyeroPCBhessedpdy ¢f0. el Baisriscal |y

conducti ve e 78 is . covered by electricall i,nsul.ati ve coat.i 80 and,
mor e p%ﬁCPWEQEﬁI ,C_Oflﬂ%c“inﬁé %?W?Téeaéid‘bfgeaf’féyﬁ?g%ﬁed&r lél?fhlsg%ﬁeﬁ)?ninﬁ@ &Y ¥ye
coat i nBCBisseI0 6 13GhY cohdREAVE sheRlof e HAB Galer GONInACA2 ¥d SorinbetiRdge of
el ectrically conductive sheet 78 covered with the insul at Egéedge | ayer of

el ect r ground Jeai pf ghelt integratodeirerjt BOthe sondusitive ghedt 0f g otirpreP @B deter i30nHy
conductj ve.sheet. of. first RCB
utili z%jd to'% Wg{lv%gfé?ett ao\ﬁaﬁ/ac ra%(%é e]?lg%[? ?Qcaglﬁ%g%rgf%lggg%{ ??ﬁ’%@%&%ﬁr@%%ﬁone or

bot h sagphr@sifte bhebLohowkntersidial b a drbendelettinal oabh yxeantiyotevaippheeias of
PCB | ayers 30 and 42 of each nulti |ayer PCB assenbly 60 can be utilized to
provi déesawlroosiien & elithg adge ef therdlectarallyswpadiviesheet exposed on the first part

64 of one or more tabs 36 by suitable fixture means.

[0073] With reference to Fig. 9, a first PCB layer 90 can be fabricated 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
layers 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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di sposed on the outward facing surfaces of nulti-layer PCB assenbly 60.
This is acconplished by connecting the power |ead of each integrated
circuit dwvepossadsme multi-layer PCB assenbly 60 to the eomdisedosoesheet of
one PCB | ayer 30 and 42 and connecting the ground | ead 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
appr opexipased sarfacesfthereql fiest PCH hayera90 amdctagh ¢pbdPnehnt ber singvddtedfromrpasgt 28, nal

ly via t j.on 82 h f the electricall
P onaucsb e brbiatostil sl oo AB8 Hulifih dits 16 dEaE 0Nl 5RE EPE™ pdfond,,
sui t ablhger& B%%M&tﬁcﬂ%&ﬁula{i@&?@aﬁn%h@ cireliepaness ¢ vol Mrm&d overlcirtsit ph&Enl ayer

90 can be fabricated in the sane nanner as first PCB |ayer 30 discussed
above 101, swthnibe tviadpusalayersRifceiregit patiems intatspangciaskino? desiredanremss uBlizingr d

L e R AN

mannerf&hPahaiogt 0 PCB | ayers 30 and 42 and tabs 36 and 48, respectively,
first PCB I‘g)(e 90 and tabs 92 can _be forned froman electrically
i

r .
conduclON7&d Whibeeferrmge tyFigssl @ @yl Haif dssred paadl OB£an delxaingtedde 2 #8851d40wi t h
an el ectrjcal { | .ati i : el ect.r] | Yo ive
coati rd “dafist KahPE LA GE Rl BOn LA il B B e el one
or noriaydrale Fdaatlt B6 Wepasaid multhkyar PCBrassenfbly 4b4, Sdwadresemcigs.nidl-1dle a
nmounting hole 100 that.can be utilized to _couple 92 .to ntin
har dwaseoBd POR: B sfal Odisdeart PEaimeL i PE it H%lu‘gﬁﬁéﬁbsdi@ia?fﬁelﬁwg‘ﬁ%ﬁmﬁ }%o74] A
ci rcui 3 XRasEd; first
R A A At
met al | 108atoi apprdpeieingehesideh bawdwiare othelecirical aiisuiryt | Insa mRamer sapdar @OPERs

circuit patter 01l formed agn_one or. bot hex ur faces .t her.eqf i_rst
o | ApURe 98 T 42 AR 6 o 89 Gl Be PNy RGP B paAa oot D8 saB0% 1y
di sposghed Bkt af ClecBRENYdohi?@e 3ficdt Toatell WAES bifi RbctritalR ifulative&oafingyor €
additional layers of electrically insulative coating and circuit patterns

can beHpwernedihsvelectgpallyuinsulative spatinengan he omitted fpar icawls taba e er 641 dier cui t
patterns i nérﬁrconnﬁia[&)elchga&gaddesgtr ed manner utilizing conventional

pr ocesSBOVETHRPEHFY &° V19 461 “PEB™ ayer 90 and each tab 92 can be singul at ed
from ppogs] A%irchi® @dtedm Wit kah 8F Fo@iedeont chefir@d®th dlfaebdofldecond POBIayeed02panel
98 can be lTam nated to a panel 106 _in a manner known in the art with first

PCB | aytdizimopheipiithagrephic preesssing teehpiqups and getgaipeptachgigresigPvar ipkel 106

to f Orgpt.aA%l‘(}pirih{ea%a{niE{é% 1&%%%' e 2%an HAUM-DESS fdrhh EAPS mdde didetrical
connections between circuit pattern 101 and circuit pattern 114.
[0077] With reference to Fig. 12, and with 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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Second PCB | ayer 102 is part of panel 106 that includes tabs 108 and

di sposabl e part 110. One or nore tabs 108 can each include a nounting hole
112 t hat wenodssios! i zed to couple tab 108 to appropri aPreTrmsedani@al
hardware or electrical circuitry. In a manner simlar to PCB | ayers 30 and
42 and tabs 36 and 48, respectively, second PCB | ayer 102 and tabs 108 can
be formed froman electrically conductive sheet coated wth an electrically
i nsul ahdlv exbcoRtahd .08 Home ueechativel preec haviogld yani rveith atsuitebly chepeshytip T be
omtted from each_tafb 108b0r a b% regoved.flio each.tab 108 after
deposcRusipgdrpdreaking Pregit bp PRI fasaR 5P el o SE06 i M8ne or both surfaces
of seqaifk) PGR-hAN STy, 4 Beattind fo?de"k&n%%%ﬁiiéd ROSRRIY 62 B CES & the ptie@bRE ques
and talrzation tgchnl gues known in e art. Appropriate techniques known
i n t h¢omedge)aof fist and Ispeomd POBf layers deanst 1A% espdcbivelyi dab a dhm devndsry

bet ween_ ci rcui arpter 0l d circuit I . 7 [t rence
Do P derviesn caiy i 20 b 9P g St i Eotoha R4 Foles 9 nd 187 Huntin bol b

f or ce sGaNbREKAR Rbic ddrRo@Aeiitht @dg@2ofative: &iBsecond PUBUlagére IDiandtl 0aneheecond
PCB | ayers 90 and 102 and, hence, nulti-|ayer PCB assenbly 104, fraom

di spodalisl 82pand <1086 respectivly, WeIF £enngotest decarae agxpPFdat i MerosPecifitdbki ng
force to each t 9 t ht i : fi.rst
hnd sebgaCeseh o ABH1 4 Roy o CamtscB i PEB 1588 6 PTHL RSP a1t o

shown th@lkrigtteatidrdoflexPescapdritds «ff theadbes ab thb0&mdeotiiensheatst ¢f first shd and

second P | ayers 90 and 102, respectively. To this end, a breaking force
appl i egcang %%%&aypﬁb"()g@dalr@a s s Eﬁ%ié}% aeéégggfefet Pf@&"B%@&Ranercge?ﬁx di gpos abl e

part ﬁ@O@J%ﬁﬁ%fe&%ﬁ%ﬁgﬁi Vel Yo mﬂ?&ﬁﬁhgin%gggrérﬁg t&Rigdnt HRB11, ashmaa

cl ean i Sposa arts 96 and 110, reak or score |line can be

f or medhat the becdhtgnfbareyiscdppliad to eath @B ¥%nahdl 68hanb 188 slaustissipés bisiak fpamt 96
and 110 to weaken e ni cal .connection.therebetween. A suitabl.e

br eakidrﬁﬁ’oﬁ%}?lﬁepaéfénbgeangggE&e&es%gﬁ’(?ﬁ"t%baQSéutﬁﬁg %8]5? BY° aorn‘ghoﬁ%nql%cgﬁ] Ca;l)r ess
havi ng J{ ABAWITDE, &ichUls! dhYuSRRREGLH, iaPpdcRigcdtinbdghded bRclf, emkinpgcikapede t o
be appli é) to the tab, especially the score |line. [0078] Alternatively, a
br eakiflig-chir ceegrated barcapplai wdistas, estehacitoy @d/qinen IDRIckr qapebpepiRied dp (or

edge) of first and second, PCB | aygers a 0 Cl ¢ Aol .nat the
bound P B BﬂmgsaE?ﬁ cprgpyt égggﬂ]dxgg a&ﬁ%’ff‘fqg%‘# é"‘%&eﬁf‘g?@gn? é@ggll?!%%sc%o and
102. Lé@@é?nlﬂ?ﬁbbr N9 n@nad IosaknBe ior MRredyer, s Ghswo in Figel4dgesr aforé tabst  and
second PCB layers 90 and 102 where tabs 92 and 108, respectively, were

connec¥2eandierc lifecaxposepled/br & BYEEING | fodneyl 22s¥pH) BertHgleBth S &8s and 108
from fﬁor\{?‘etr s%?oglys ?EgndSﬁ%% elagﬁ/ &5 Q%OisaBQT joqzan re?e%ﬂ*?c%h& Vc%ln)iuctﬁlte sheet 130

associated with first PCB layer 90, and since each tab 108 is part of an electrically conductive
sheet 132 associated with second PCB layer 102, connecting one or more tabs 92 to 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 electrical 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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the perineters thereof exposes portions of the edges of the conductive
sheets of first and second PCB | ayers 90 and 102 where said tabs 92 and 108
wer e prewousdepssmanect ed. [0079] Wth reference to Fi gpcidis2asa4osnt h
continuing reference to Figs. 1 1 and 12, assumi ng that the breaking force
is applied to each tab 92 and each tab 108 causes it to break from

di sposabl e parts 96 and 110, respectively, at a suitable tine one or nore
el ect [0681)] Liloarthendisttl ed@0f esemplanstabvi6, toautistal rend dB360f, cagh ec RAged the

integrated ¢ircuit, .an ackaged flip-chip int ated circui. i stor,
o capASHiePAdad g csiia 08 R oean TEOEea! Froapaiosr eV sk 455 S O
CI T CUlahg H@ﬁ,tx%éeﬁbctwehy.aMé@diti@ﬁ,ra@l%ﬁpaﬁa@éfttﬁé RoplshHaRE afitsbt botkay irfRGBfaBs enbl y
104 in a manner known in the ‘art. 'Mbreover, as shown in Fi one or

. 14,
nor e tekiotric@Ry amatiustiva SigetsalB Ooamdcidpdseatiated withmdiacenigpainsof ighs I2endoh08an

electrical .fixture, such .as a.power . 124. .Sinc . .5 part
of an r%qu‘&tlvre:%ﬂ eceéiﬁaf?gtWéd‘grhtge{?cql?fgggﬁs/es%oﬁn SetkE (\)/\ﬁl%&?qq}%és %e:ngs)’/er 90,
and Sisﬁé}?amﬁﬂcﬁo@blﬂ@%&&dﬁ%ém. of an electrically conductive sheet 132
associated wth second PCB | ayer 102, connecting one or  nore tabs 92 to one

t er mi 69820 MploideyersBEBI gssamblya bl demivdest Isgswrse Rt ther deqtaedly) BEUREVE he
other termn . o] L. Cal { ets
130 afte O LEd ARG S8 RBtNadE bl dP 7 of BEHck Wby ROBEHEY Lkf.a0e

el ect rcogtmd ¥f @gﬂd@myeaﬁhaez 25 5B6warid Fig213.nIf hesiredphovesves, arplnistilatisgt he
provi sioning of electrical_ power to each electrical t, e.qg.,.

el ect ipigHRYE dAPSARRE Pl%qedc]?ﬁm?%%’fs&a . ?CSP&%S{%&MEI‘F@%%P@&aﬁﬁﬁggflf“éces of
mul ti T}ig.yfsr. g '%ﬁ?ﬁpﬁe}' sukBte of %%%Cﬁ'laﬁg%tdaﬁrbe Bhiehe IL&ld ditftke of
conponents, such as-one or nore capacitors 134, can be connected between
adj acensulginigriatedhydrad® vilfleathe ofi®8 surTive of irsulaging nnteflaysn d 40 cambe lmgiapaei t or s

134 between adj acent gﬁigrs of tabs 92 and 108 reduces the need to install
filt erto OBpEETACEL SERBFERRYHH Y of the outward facing surfaces of

mul i -[bé‘s@ rORCE: a0eeBldichPd 14D RERE ol @mlinéibrl pdsis, tar bRgriderthehugkt ri cal
conmponent s di sposed t hereon.[0081] Like the distal end of exenplary tab 36,

the diisswdtingridteti3gerdH0dartonnedsingongred mave peint of ciiskd pattandol eadhstiddB 108
R B BRE  F SR SRR kB Ik G B R,

respe a surface “and/ or

sur f ac@n@fictbiReshest ddndattby 18DNGe Ghbwe ifhBebs, dafilargaidzs arsnei @ wdhwi th
adj acent pairs of tabs 92 and 108, respectively, can be exposed in order to

f aci | i aoathectotsevil mehbe d¢ssribest haspidet roni ¢ conponent's, such as capacitors 134,
ther eb[%bg\ﬁe\&}hile the use of insulating interlayer 140 has been described in connection with first

and second PCB layers 90 and 102, it is to be appreciated that an insulating interlayer, like
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 PCB layer 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, €.g.,

Fig. 2). The use of land L around each end of a plated through-hole (or via) that terminates
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[0082] Multi-layer PCB assenbly 104 includes one surface of the

electrically insulative coating of first PCB |layer 90 lamnated directly to
one surfawe 20d¢/dsbmeel ectrical ly insulative coating of second26EBsdoayer 102
as shown in Fig. 13. If desired, however, an insulating interlayer 140 can
be provided 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
sur f aom anfexiposadl satfangof apentedyodncuit HoandHiyer enkeles theeqondugtivduaterialiindhe at i ng

interlayer, 140 can _be | am pated to one surfac f second. 2.

[ 0083]“%?&36&13%?321%8%???%&’;3 Gopsliclop & 58 Bl lv%ﬁﬁcc?u"éﬁum@g@% E}%@?fa%gn

pr ot 1 ygend SHRUO duBYaRt il Omine? khewR in &4 WnCmopREL Wil iR of lawdrTe
points of circuit pattern 101 on first PCB layer 90 to one or npre points

of ci racwintd qaeh ted of 2ijated threugihtiolPEB Viajhat tarphnates o an C¥PREGE tSBHACE &fuzh as

conductor 142, . ar .in t i, ). S i.Na:
condudrgie it Hged B Gisslht e alipuf RSy IR AR RS ISP lad el g
i nt er LayAleslihBrelats dpporutieiss firdfothing daniet shats with Adfacettcoadubtivedmes PCB

| ayers 90 and 102, it is to be appreciated that an insulating interlayer,
li ke iondandst b riyringtinstpligtion afaelectigs] wanRATCREs A3y th Ellhﬂtﬁ@fu cEPUf %9%‘?‘ >
assemyl .y 60 hown i Lg. I i I isngerl ayer
Tao 1 Sitheer, AR o Fards & dctrog IR ARIE PRI collabEL AR Thds b | &Y
Speci fth@?iriﬂsted @aRuB UbS@delagbr. eabore negpicaificellpf pfintedt ciROB [bopet 18Gre aave be

| am nated to a surface of an i nsgl atin .interJaH}/ r, like insulatin

i nt er |TagreYaciured ihpgcerdange o‘Y‘FFérr_u BricqEE s LY Iﬁs%?la%fflgn CVRTEI8Y R can be
| am “a&rgga‘leﬁt% QB f{u@ﬁ%s ndd, dn@%foﬁ&ﬁ&ivefﬁn%@me@br%gu, aNinafidg iR fagd M an
Nt ot mﬁ I 60 u

enbodi “Tayer PCB assenbly that includes the insulating

i nt er | Tay®und esahesspobdd atd afreothsrighbidl @RIk sydhles Badippgnistruchye.sHLh pp aj gs .

3-5 and.9-12, ch PCB,.| ayer 30, .42.. 9 nd 102, i.s il t i pcl udi
one oradﬂ?&F’%tzl_@B‘ﬁie‘?ﬁ ?‘bﬁ‘yﬁc%fﬁ?’é‘gmi%‘? BH%%-O ?P(?I 18gve(do%lo§/e|r §J§ l)tlﬁet L%?%ﬁﬁ%%ﬁ 9 léalcﬂg
such o &Ntk QR@buPidlaad ftﬁH@ﬁﬁl@uﬁoslﬁacihg&uw.i Acordigblydie svouldbe dalitabid t61 and”
L therearound on each ené thereof that term nates on an exposed surface of

; he prdlimnieate(tlite(r;mflf aﬂUfiH?atoatyéﬁa((hs@@,OS@. qd of githrough-holeis Vilse of | and L
roun a ed.. i 34t i
e o0 OR8] W E e Brente Bidk Bt o F YRR IE Coffing fibled il bBEIAR 230 A7

mat er i ghdibdy thiRgindld & e vallamiw be abdcyibe@nnealesdibicd shovondemmectjorewih, a

conductive trace or line, on the surface of the printed circuyit board in a
mannerFignbvminter eirmithaard tayer Brivmndsnap dertaendly roadentive sheet ot g?‘i d ﬁgate‘éc h end

of a platedsthr oughsNoka of i¥h3idiiRbnd s oF RalkERRhs AP OResheSishiane of a
embodiment, electrically conductive sheet 4 is formed of Invar. Sheet 4 can have one or
more through-holes or vias 6 that 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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printed circuit board layer is that the additional conductive materi al
utilized to formland L provides increased opportunities for formng

el ectri cavobewdss20ei t h adj acent conductive |ines or | aneésThusdeosiongo?
installation of electrical conponents on the printed circuit board | ayer.
Mor eover, the use of lands L decrease the avail able density of conductor
I i nes and | ands on the printed circuit board |ayer. Mre specifically,

pri nt elceodepabitedrmastatet ay)ecspm dayerhdd, a6 prasedt. iBleciouloperitingthi HRulpives

r di t f t
| s Tattinh PERAGE BB HHTALS STREBE AT RS, B e P gu G il poReE e OF
each exposeqd dp%gger%yé} 1427 pugtBsc®! @ 1085 BebR oBRRid EthabhiAsibaRaialls thifeiur e,

such as an a ent” land’ L 'or an adjacent conductive |line, to be noved
cl oseilayieo of b&cirata@bsw mmlatumm@te@a ﬂloweaervmm gelatjyedy aeushgsurfaee Hiahiisrum

spaci ng rul e rdi.n dbed t at e of a
And B0nEbIccE ROBBR P B T SR RBIE Ro st Sar iy

refer %ﬁ@iethQQﬁéﬂﬂﬁtRzeFlhﬁerlil had b¥eh lélbdtr@depbﬁltdﬂ! PERlaiyat 2ds béataliot artbelavated ayer 2
with a landl ess through-hole or via will now be_ descri bed. ri bed

above temp&r@ﬂurﬁesmﬁﬁgwan kayse the insulgtiviet matesial toyvholby o d’ar%";}]éfr mffil ncPles an
electricall con tlve foil,
an i rélﬁ(iﬁ]? mﬁ’tl Ve mg?e%ggn%ﬂog% cf%%shef%gr eof lSérlfncg%')g f%{s?%g?@%’g%ﬁl ment ,
el ect risgak gre%ﬁﬂdﬂﬁvb wadsleedt thertlsy becomidg ofufficierty. ﬂsmcetthat when benled one or
nor e throu hol es or vias 6 that extend through shee% gljf’?g‘?qul Wth
ref er eam@éd%oa Fugably 56008y ang URHTHR; RAES {p5 CEFW Pat Freop- sheet
4, gxa&ﬂhgghee gsaaaw @g&ﬂ PQL&‘elgc}bﬁé%q{ & flowl a%t&ﬁtthQQ dsyreat ars@ihlyoleoat ed
W t h coppe ayer BesiT a copper | ayer is electro p05| ted on
sheet &. Miorsesetifichlhy, smehmgdhetmsxﬂm\won@tmabda@ss Ithwshapﬁgof e insysHye on.

0088] Th f I d h
4 i's. TRl T e ARG opEn BPm N Lo rioh BN ChORE B BeEr Cres

bet wegp tﬁé]?fhfgg%ﬁw i1 BRSsE k&diRAtin Hig. exP angeR Rosled hhek tR4 8o6lid thé disnlatige sheet
4 and the t coefficient of expansion of materials deposited over

coppermhtmyﬁnnéld@leanh timloegh-holed re ﬂélm)g shipstantialy %slpwrhtne%gd rcuit board

Lg%fe (r)r[ﬁg? 4]&93%151?@ ng; thf 1151%@3(}1v’gtrp§1}8 rsi !écfaa)(?l g 81’1 gécr)fdlt{c Gat | nﬁméas 1%21a‘tm%bl Y,

the i ngyhfket Y6 whidheddvets thp kilifa@ 106K sheg 4Bori t6p nsmfadealmswoepperdamdgm1éd on
sheet 4 or copper |ayer 144, if present. El ectrodepagsi tlﬁigsfftt hi s {)nsul ative

mat er i Eksept, ootutasng dosiatskazen 1awhich sevets rrhqtigyesurfass d 6 501 3 0P

surfac SuTfage’ ?50e oigcopper Jayer 144, if present, an insulating edge layer 18 (shown best in Fig. 1)

which covers an edge 20 of sheet 4, and, for each through-hole 6, an insulating through-hole

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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sheet 4 or copper layer 144, if present. It has been observed that this
substantially uniform /|l ayer of electrodeposited insulative material,
however, We=o@s/osgtoatively rough surface that is not desipcahlseodsonosborm ng a
circuit pattern, e.g., circuit pattern 146, thereon. Accordingly, after the
insul ative material has been el ectrodeposited, PCB |layer 2 is heated to an
el evated tenperature sufficient to cause the insulative material to wholly
or pafa09a] DpceebatindJfdn fomhed, nay layeheficoppiraisi foemedit @ gi @leciepersisited &h t he

opposi ng. surfaces of. she 4 or co r.l r 144, if . d
BT SO ingrbbg- BBAGHING ChrPHOmdATthy & insiiogne Fras it E58 Pich BrBUmEC",
sui t al ¥y HIRAE NaRd suNi BQhRSHETIAGE: HRbudORTE NGyt i 15 Uisk thatdmdr shobdbin

t her eon. ting the insulative material also enables it to f|low around the

edgesFif. 18athh etehirodaphsitasl eopper avbroating 8 spniogms Ly themeguateyrippzof EUpERS ve

mat eri_al th f t i | at i N i a
ChangUnPERTTIE &b o TR e b R SRR STt sh el CaofBug, 7 .
shown chdis 66883 85 8fctially it drbwhte duffackbé hsanehg thrbagtichsle layes 052.d, t he

insulative material inside each through-hole 6 retains the Eha e. .
subst §09%4hNext,athe oot ¢lactFdgposited ?rl)@%]nguﬁcﬁ@ﬂc%l)?%{le‘{] R ieffg‘ﬁflalfli Ye
material forns coating,.8, - LDC] A6 SrebR S Wb : whi ch
cover glaf%f)rolgl?r“fnale gﬁiﬁg (%$ des eeg%lh%gtd% ttlfeglpi sur ? %(k:)fef' ?’ 8 Pg}églgﬁlédr@%%rigma if
pr esemicluded Sohdicting trhedst1o8 l6dyar top dayehil ¢ rondvaive treckot Gtoandshisfacottbén of

sheet 4 or a bottom surf 150. of I 44, | f )
neul auithg Chiged pag eF sk (EABRRDYESOMIE I TOWP Ui o 06 PR oWaRE 20 of
sheet. gouANflolelifer $38N ASLOWA' PR §75hrinlRTLGHduBG: tho Bchsiatatbiyer 152

whi ch cov aninterior surface 4 of sheet 4 or an interior surface 156
of copmp#brmhalthickhéss, if present. [0091] As can be seen, once coating 8,

especially insul ati r h- hol e | 1 is f . f .
moul 409y dnrsug ridrg pb gy Erongsies At Brotlhets SRR 70 bR SHRERR U
| ayer dndt& B1POPhE hRAaleNd@f0B difdhliteip thavieh-Hde anr 1oLt @ableayetictrichl and

diverges fromthe position internediate top layer 10 and bottomlayer 14 to
a posicbinattionjtabe nitatishedhetivege through-hae gondustordandicanduéive fges K¥et i on

of thraough-hol in Fig. 17, .0ne_side i i -hriqugh- hol e | ayer

Ts2,  Hg e arceRoutel feas F R Epo@i R AL R RO 00 Syer 10 and

bot t orybgs| eWithFefbRned fofﬁ%s.tlla%mqs; iidORitRdpatrig fefpetcaye Figh01,006 dndtit7om

| ayer 14. 'Moreover, as shown in the cross section of throu q hole 6.in Fig.

17, oplﬁd@mg, mista@chzbﬂlrwg%luhoa@ pABclu¢ing aHHEE ﬁﬂ@l@e@olis‘;@n&%@g AR Biedehne

gener Ln.the shapg.o i i

ayer Tt GARMRS e PRERARY SRR IR ey BRI e SoRERIGA7E L #7021 BRC 2
formed on insulating through-hole layer 152. Each through-hole conductor 170-1, 170-2,

etc., can be utilized to electrically connect a conductive trace defined on top layer 10 to a
conductive 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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coating 8, i.e., on top layer 10, bottom | ayer 14, insulating edge |ayer
18, and each insul ating through-hole |ayer 152. Because insul ating

t hr ough- hwbeodeassro6152 has the form shown in Fig. 17, tlreTalse@snogeposit ed
copper on coating 8 confornms to the arcuate surface of insulating

t hrough-hol e |l ayer 152. In other words, the copper el ectrodeposited on
coating 8 conformally coats coating 8, especially the arcuate surface of

i nsul @kicogpdriimdegiingchil dryetendd photbBeiBY preNerioyed hg neespp &pownéde thodéposi t ed

on coating 8 can _be patterned and etched.in a nner kn i4h_thesapt to
def i nich 3 cqhemigah (FHIRe, f&é@ﬂ%?}éeoﬂl.ufﬂg—:%% |thP§}g@P@u‘f‘inﬁB§\{§%eH\b 3’4@7(?%’c| udes
condugt : 8 dQsistcanHeGEingeed baransGiovanih 168 on
botto%’éﬁf@%@?ﬁolgﬁdd%ﬁﬁeagr&’%D&?ghﬁgfgo&ghflﬁol e conduc('?orié1 17% on the

surfatteapf each insul ating through-hole |Iayer 152. As shown in Fig. 17,

t hr ough- hol e conductor 170 _has a subst ant | Lfor L hi ok o 0095
Oppos ﬁwa SEig egg‘OWPuqeﬁfe 1} hige HBo’Fené‘iYP?%B% S %‘é t% k If[%eugc&pﬁg Idgogg %1% g gb ggﬁ%n hav e] a
m ni 'haﬁmlr» SyePl 52 @k ahapiarsiy bateoush-liods wmiittogs 1710 mubtougbibeld ayer

152 enables electrical connection to be established between tEr ou(%?- hol e
condu6tremults 70 thamehelold @drving a migegmyGametes Pl %Bee«i‘ntge PBHGH CHEBRON e need

for a,land L, sho in ant ' oI - WY el gs.
18 an&“‘i‘ég?l'lé‘?'}ﬁ ¢ ‘WE“’E%%? (‘?n& %{;Hulragtf gt)lgonsé 1o g%g@ 1n§1Q¥'1£t|i111§r ﬁﬁfg%gﬁ? 1I‘a9desi red,
i nst eagh Qhetctho vRBr&pesifed ddpbetdian edn mhmykbd wilh havghsdvohe dvorettadibthat 70,
t hroughhole 6 includes a plurality of electrically isolated through-hole
condudslergst thipg.diameteDd.  etc., forned on insul ating through-hole layer 152.

Each 2hal - 84 i§t 6f thr6@h-RSle Wonbhaed 170 i
el ectiwggrlqil}eB)glr?ﬁoerg%&g&g%%gu%t%\%‘ett?igg)g&glelg ﬁea oﬁght opel ayer 10 to flzln
conduglirbigh-hela @eis diefiratéyl am elebmodapositeymhotdrdsistrbat corturmialy cop SR prIReT e

duct 170-1 . b tili t | i | t i
700, asiscuodmastecen ralaing Beowichne Treo kot SEvdarIEeL, SRR kB 20T
respeci g%;&-lod\é%?s‘?tfabﬁpgﬁétgﬂ:sﬁts 2eNiik@bded, int hevd Bthes eatan e, ,560[@52 tcan be

utilize ectrically connect conductive trace 162 and conductive trace
168 dikeies @H epal.t HF33,472to Kahkendl goalt; 72 1a98% to Martine ghalst i0ded 00,808 tyat i ng

8. [0Q97] The ahility to forma plurality of electrically isolated

t hr ou%‘ﬂ%ﬁ[&‘ﬁ@é’@ﬂ%@?d‘?%mﬁof@te 5¢ Wﬁetf?rﬁpgfcet' hrough-hol e | ayer 152 is

f ﬁCi ! gbﬁ(ﬁeth*eycénmna{&#af ehes BiBRRod@podifed Ulatdragstt bi dhegbrohaleestrfaiyeof 16@ and,
t her eby,

e unt Gsaobe S oS, cober, S ecly iepaeliod. o d peigii o

el ect re())iggs%?cz-:s IOI’ (tahde photoresist to a suitable curing radiation in order to define the plurality of
electrically isolated through-hole conductors 170 on insulating through-hole layer 152. In
contrast, the vertical surface of a prior art through-hole limits or prevents uniform exposure
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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on insulating through-hole | ayer 152 enabl es photoresist to be deposited
thereon and then patterned and etched in a manner known in the art.

Ther eaf t ewo 2006@smened phot or esi st andt he copper under | ycmgss@s@d4oonnar dened
phot oresi st are renoved by neans known in the art, such as chem cal

etching, to define the plurality of through-hole conductors 170-1, 170-2,
etc., in through-hole 6. Thereafter, hardened photoresi st can be renoved by
means [RDO2INA$ Bart be semt the| 088} inAensdrowviiesta prmtéd gircuiBboaré heving@npert i ons

O ur o1 O Tatech B b e Rt O Shich G AR Mt Pkl © BRe "
thr Ou%ggéatrﬁlgﬁgﬁ'@%dgﬂﬂmﬁ B8R B LB a1 b NeRP cohiflet, (:ao&sd Bl an

opposi n e conductors 170. i contrast, opposing surfaces of
i nsul ainsulgtinghmeteghl. HBheedgryadithd Eondmtvelaykiene| covered depbs instlitiag ppderidas

b enoved will h d dianeter D2 that js,|. i amet er DI
e Dodeporaanihon oo tfaer oL B W PO ar s 4 N yohih af HDkest BelEL ol
conducdiRiuft bbaR fafer tBraCHGsIBIE Bak oif & 16161 pafel thafithegrdd EietRMARiatETyer is

photoresist that confornmally coats the copper electrodeposited on
i nsul aformed fiomodiginghiabricatiane The SEpesed eAgL Ohe kenducsve Sufet hegoses esnpicdr y

| ectro-d i tabl h J: } | i i Pat ent Nos.
o Gt BORARR I RIS ATl e (R At Polent Nos
Mar t i njogd3jathe camdhiclivd QlyedOSF tawrhMeibduitdbeardvilayerhcar eerivacthe pimahtpachokercdi n by

reference. [0100] The conbi nation of the gj ectrodegosit d phojit or esj %t on
the areqpdreing heehewayiiiqm elecHiiat comperaninaispeist (WO OT ARt sytiagg of the

thr Ou?@’nﬂ&! %%r!élﬁg%gaﬁSgr inth@cRYSH B3 dela?eﬁc & bidvalis pBwRP DY Bodld fohe

phot oresi's suitable curing radiatfon 1n order to define the plurality
of el egtdtiicdlcbynpbsaitat ed t hr ough- hol e conductors 170 on insul ating
t hrough- hol e | ayer 152. . ontra

I n at, t he ;erti.ggl ]atirfaeof a prior art
t hr ougtf1Ad) The PrFS T 1RYenBPR PERIEOVAP HPHMES SHEUF BoFF 'pHE BRBENEFH®n t he
thr OUGfathl@)éset}ﬁ&lg@l%dléwtﬂe?&iu%h'g&n@%ﬁﬁ@l@i i lcYos8 RS, @k Gsid b iRiRelidri ght
that may be util7zed to define one or nore conductive traces, or any other

por t i osurfate af chcke thrbugiaholerhas aprarteste loaifioe fian anposiden sHeumediate the eids
con . M p S 41 o TR AL BB S B ARORO S U
print eghefdof CHH dncRalrabla SHMEHent, ih kfostWédtion! %@Ein@@ﬁie@ﬁ eiinyerio® swifack04,
with or without insulating interlayer 140 sandw ched between two or nore
adj aceof therthraugh-hole bave abeatling sgnsrallyin thekshape iohrrebyRerblei tBesausedtbeayer s
40, 521nt69r1%r surface of one side of each through-hole has an arcuate outline in cross section, each
through-hole can include a single through-hole conductor extending therethrough or a
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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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 nore tabs, |ike tabs
36, 48, 9RoanoclB&o6and can be singul ated fromthe panel pcwspyson@onf the
manner s descri bed above in connection with printed circuit board | ayers 40,
52, 90 and 102.[0102] As can be seen, the present invention provides a
printed circuit board having one or nore printed circuit board | ayers each
of whillwebvas £ nadridaset | REB pissgreblyhedn bxtformed tfom Khreedoremore B Javent ed

ircuit board but which | bst ant. al | t et d b

houl smingeAmoggh WiFhereuaos of Hadeiie, Miere ke g ErTHE min R L 2"

| nsul 'iﬁgtﬁﬂ%feﬁﬁéeﬁ onk Br RRstE hiljaBad pafs bhecedasergfwith hetircattipattbaasfeatiayer or
I C

I
a tab is utilized to couple the circuit board |ayer to a di sposable
part ohiraof adjgemt PR (layduaielactecayi ermaected e desiedr Banesfer MECHSHENBY from

during, fabrjcation. The exposed e 0 e .C Act | I COES
ex pongFCHHG CAPRAF LS 1 Iﬁgﬁ?{r I%‘gg%ascéers %:Illl}l)etd %g%lrﬁgé Fé@leef; 3% r@fshe d
di spogabl it RBddknCPCBMRY®8MY and Q0PI Tile-18yen REB iageenitdy d040f Hewevercan cui t
board | ayer tan serve the dual purpose of conducting heat amaygérom

el ect relectricat oomporent sandbe pymeeted pebyrendrbsfradiacant goren-aHiaceRbl (B IAYRy
circuit. board. or Nt i I: I r Virdin L Rrhgr ound
o thoa Bapriosr PEshbSRuEbLER b S fr ot R e e e e s
pri nt eghvepikivg Wet cdremidll hayetudiay iall gsuoh enadifications laad diltessiond nmsof-dsothex

t her et hr ough. Desi rabl in cross, section, ane side of. the interior surface
of eachmeRyigug hwspee ‘P%tbe appeared gleamyor the ﬁﬂsz’?elw gneﬁ‘?ﬁfl tion internediate
the ends thereof to either the position adjacent one end thereof or the
position adjacent the other end thereof hi one desirable enbodinent, in
cross section, opposing sides of the interior surface of the through-hole
have an outline generally in the shape of a hyperbola. 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 through-hole conductor
extending therethrough or a plurality of electrically isolated through-hole
conductors extending therethrough. The ability to forma nunber of

el ectrically isolated through-hole conductors in a single through-hole
enabl es a reduction in the nunber of through-holes through the circuit
board that are required for passing signals between opposing surfaces or

| ayers thereof. Thus, the use of |andless through-holes or vias in
accordance with the present invention is capable of reducing the nunber of
t hrough-holes or vias required in a printed circuit board to pass signals
bet ween
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opposi ng surfaces of the printed circuit board. [0105] The present

i nvention has been described with reference to the preferred enbodi nents.
Obvi ous nwoizbesmasioens and alterations will occur to othecs/uspasos@adi ng and
under standi ng the preceding detail ed description. For exanple, nulti-I|ayer
PCB assenbly 60 was described as being forned by | am nating together PCB

| ayers 30 and 42 with or without an insulating layer, |ike insulating

i nt er Iray efvehdbn Cldamedd:ed bet ween PCB | ayers 30 and 42. However, a

mul ti-layer PCB assenbly can be forned fromthree or nore PCB | ayers ,

| am nated together, wth or without an insulating |layer, like insulating

i nterlayer ;1 - |20 Qat.ed, Qﬁ{[é@ﬁ%‘ 2 or nore adjacent pairs of PCB | ayers,
W th !tlhe cﬁ%gl}t{ ia‘gattern gf each psgflik? of adjacent PCB | ayers electrically

connect ed iamplaratigsof @cbuitehvants, cavbrauiboarhcamprising amkleeiopdn eprduchvy,
capaci tor 134, s described as being connected to tabs
adj acé&hiet pegiefl pE} an gy g%@@ ?@fer r‘?ﬁ??l?q‘gl %’%Fe?“rg?eﬁ Ogs@% r%{%%uc?gg .Sﬁ%’w%{/er ., an

el ect E}ﬂsﬁ?a!tingmgﬁleﬂgie%eﬁﬁg aRANGCheACcHBF R ntiahs etheapadenlatiap edge
non- adj acent PCB | ayers of a nulti-|layer PCB assenbly having three or nore

PCB | dyer sovdring an pdaeerfalbd conductivh shedtviad 1o Girubeatiemsdefined asan ALY ng al |
such difications .and alterati i far h come within the scope of
t he ag%é%%ﬁ%&%??ﬁ’sle%ﬁ? Op?lgﬁéaholp\?faa eeﬂn%}lg%to?ltg?ng%}r'%r’r%}ea | nvention Clainmed Is: 1.
A mul ti - | aygrinqiltiis ihtdblagsrtbab @RS begiced apdpl tgkt bfa difsteircoitibbardafits, each
circuit board conprising an electrjcally condyctive ShEefft ghoat ed W tE an

i nsul @luralityt afpeireajichoasds &g adotipe laver ofca serongd arcup hpged P dhesplarlity g

i nsul acti ngb(t))a(l)rhg om | ayer covering another surface of the conductive sheet,
an i nSUF&t| ng edge | ayer covering an edge of the conductive sheet and a
circuit pattern defined on an outward facing surface of at |east one of the

top layer and bottaom | ayer;. and an ingul.ating inferlayer sandw,ched between
a top ﬁ-/ayerﬂ’fﬁ"fm’é’uftil?oé’fd%ﬁe ?lé’ﬁ‘?ﬁ’ posr lflﬂéatg}%?fiﬁei ?%éédfldg??sc%; If aSE(c)’g? ds and
a bot to?)g%ih@?\ﬁ{eré)ét 1@as§?§1@9fith9'eﬂ bitthPesdhcle §ieet Blepdelit y of circuit

boar ds e circurt board of claim1, wherein the insulating edge |ayer
i ncl udes at | east one opening where at |east part of the edge of the

duct i heet . d .3..T ircuit. b f _claim.
Coe ek e e Gkt sRtoPE Sty e idhding B PR ot St LHALRE
circ Uieﬁecﬁ%aﬁlgrceﬁn&ﬁné g fitchfttpaffids S8 GRNErsEAddCdebondesutisodaydsisywaf ofithe

insulating 1nterl ayer.
insulating interlayer.

4, The circuit board of claim 1, wherein:

the circuit pattern of one of the circuit boards includes at least one electrical conductor
on the top layer of the one circuit board and at least one electrical conductor on the bottom
layer of the one circuit board; and

a through-hole or via extends through the one circuit board, the through-hole having
an electrical conducting interior surface extending therethrough electrically connecting the
one electrical conductor on the top layer of the one circuit board and the one electrical
conductor on the bottom layer of the one circuit board, the electrical conducting interior

surface electrically isolated from the electrically conductive sheet by an insulating through-

hole layer.
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4. The circuit board of claim1l, wherein: the circuit pattern of one of the
circuit boards includes at |east one electrical conductor on the top |ayer
of the omwocbssmssiosboard and at | east one el ectrical comrdwatsesosomovne
bottom | ayer of the one circuit board; and a through-hole or via extends

t hrough the one circuit board, the through-hole having an el ectri cal
conducting interior surface extending therethrough electrically connecting
the ore el dtier tiealit boaduof alaimn 4 tvéhetadp thayioteriof sunfecomd ier buoughdvde d and

t he one el ectrical conductor O,[:l th? b?ttomflﬁ er of. th[ebon tci rcui.%. board,
the olCBRYGEeSAIOBD AT IRSEF 5 [ IR &F deORF| Hiitly bl 1 L HOFHGM, ¢ he

el ectrj Q%dﬂd 3 t T hPd A @rdurddahiial @vergyefol thd he

ci rcuilftlt%ﬁﬁo%c?{%tgo c?é?})ﬁ?f&%el}o@éﬁﬂ?ﬁer interi orr surface of ;/hpg th?o_ugh- hol e
convemysisiof imemaediass ithe top laic ané Hte hotient lepen afytbe on¢ cirerat beasd & ¢ pasitionoar d

to a pqgsition jnternediate the top | ayer and the bottom |l ayer of the one
ci rcui Jaﬁ%‘&rtﬁef&?fhma%g%}e@efm%ﬁlf‘?ﬁteboﬁg sition internediate the top |ayer and
the bottom |l ayer of the one circuit board to a position adjacent the bottom

| ayer of the one circuit board. 6. The circuit board of claimb5, wherein,
in crdss sddteareuitbrerd oftcdaimot, vherdinda coFss sedion; the iperiphaifase 86 ghE Fef e has

an arcyate,outlin omt i i he

Dot  orit g Broe- e pisplh D Rihe BB AL BLCIRGH R plchfyd 8 107USE ARRETE,
adj acejttotRy&0btedited Bigqiosition aljyeerntithe tipt laparasrdhebositian mifcentttier bottom i n
cross section, opposing sides of the interior surface of the through-hole
have dAY&utline generally in the shape of a hyperbola. 8. The circuit board
of claim1, wherein: the circuit pattern of one of the circuit boards
includes a plurality of electrical conductors on the top |ayer of the one
circuit bodflt druitédoptdiofitlainy 6pWherdee i crosd sestinuluertposisg sitles loé thyotntesior | ayer

of the ope cjrcyit hoard; and a fhrough-hole or via.exte t hrough t he one
ci rcuisur %?éfile ﬁﬁ%“@“ﬁﬁ%‘ﬁ SRV Qut %%W%f%\ly& Et?eaﬁhiaP?O%? ﬁme?g@&h- hol e
conductors extendi ng therethrough, each through-hole conductor electrically

i sol ated from each other through-hole conductor, each through-hole
condudd.or €eTtectircugdiohsd afetmench, echetan:at | east one el ectrical conductor on

the top | ayt ¢ c?rrcu}t h;?at GIQI;[ to ngnleaXF rfheogiréur%te boads cllncrzlﬁﬁést ab&ﬁfa(i]ity of electrical
conductors on the top léyer of the one circuit board and a plurality of electrical conductors on

the bottom layer of the one circuit board; and
a through-hole or via extends through the one circuit board, the through-hole having a
plurality of through-hole conductors extending therethrough, each through-hole conductor
electrically isolated from each other through-hole conductor, each through-hole conductor
- electrically connected to at least one electrical conductor on the top layer or the bottom layer

of the one circuit board.

9. The circuit board of claim 8, wherein an interior surface of the through-hole
converges from a position adjacent the top layer of the one circuit board to a position
intermediate the top layer and the bottom layer of the one circuit board and diverges from the
position intermediate the top layer and the bottom layer of the one circuit board to a position

adjacent the bottom layer of the one circuit board.
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9. The circuit board of claim8, wherein an interior surface of the

t hr ough- hol e converges froma position adjacent the top | ayer of the one
circuit bwenrdogi@smeposition intermediate the top | ayer aou/usheshatovom | ayer
of the one circuit board and diverges fromthe position internediate the
top layer and the bottom |l ayer of the one circuit board to a position

adj acent the bottom |l ayer of the one circuit board.10. The circuit board of
cl ai m®). whHEletirguiti bvact aSclaise 81 whergingirt ¢ress satomfeithiieonenefothg thrhughehole

conductors or one side of .the ipsulatin hr ough- hol e |ayer di sposed
Dot wediondnsiars: Shong sy tieorist Bone dbRu I KSR SRbhsatYEherh RESRFSE « ne
posi t 'tﬂfbdgﬂ}l% JEdat®rd A 4PRchA¥ unpRArdhendpbliosn idvetedife aid @3pNajdie

position E:ent t he t_olg | ayer or the position adjacent the bottom | ayer.
11. Thandcthe buitombeyer do efther|the prsition adjecest thet thp leyes 95 thespasitinm asliacent ther t he
one t%qgo h- hol e conductor or the one side of the insulating through-hole
| ayer g‘b ¥t- bet ween a pair of through-hole conductors has an outline
generally in the shape of one side of a hyperbola. 12. A nethod of formng
a multi-layer circuit board conprising: (a) providing a plurality of

ci r cui t1.poaFlssirauzdioard ofalpim Hbm@r@@glwqrgssmgctm fl catber thegme fhrepghthelei ve

heet ¢ r . o ! = et Cnua fd TSt
et SAIBLTT b SRR 0 RPN Sl o6 e
anot hefhréighttige €dndastots Hxe an datlinerdndrdily Irative sadpernd ohbeidplofindlypérpolaf circuit

boards together with an insulating interlayer di sposed between the one
circuit board and the other circuit board, and with the first and second

circui Hsiogl %&%ﬁ‘?ﬁ%ﬁ%%%ﬁgla Y RNt BbarddN@ndpiRideat i ng interlayer. 13.

The ne erein éach circuit conprises at |east one
conductor. (3. Thevididadplofalty afititdit hbedsi eachheirgonboandatdnypreweg ad

i nsul ati n terial.includes_ at | eas ne, openi where. at | east part of an
edge o?le‘ft%%a yﬁ&ﬂﬁ?t}vﬁéﬁgﬁég{‘fo@a@ﬁ?féeéﬁwl%i : H*FHE‘%H%%‘?P% clai m 14,
wherein thegyne RPEMIWIAIE Rt 4 SHRY ciforiteiddadst rom the circuit board

either within or outside a perineter of the circuit board.16. The nethod of
claim 12, ftheforining aisticond cicont @r anmihey of Bwtcingyit Hoamds:amgh- hol e or via in

t he conductjye sheet of the. o Ci.rcui.t, boar it h e_i. i terial;
and form ngt t I@BE’E‘at%e&l? R]rucsagﬁ-Oﬁ81“&”@6?1%5@%@3&%%‘”21; af’elas}tﬂt%tgﬁgtr%{ll i
the i ngupcrbil Detwaheahe dheidichit okl slhehathe: citbuitbddie, amewithribe gt hale

conductor electrically connected to at ) o
second circuits electrically connected by way of the insulating interlayer.

13.  The method of claim 12, wherein each circuit comprises at least one conductor.

14.  The method of claim 12, wherein the conformally coated insulating material includes

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

15.  The method of claim 14, wherein the one opening is on a tab that extends from the

circuit board either within or outside a perimeter of the circuit board.
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| east one conductor of the first circuit forned on one side of the first
circuit board and to at | east one conductor of the one circuit formed on

t he ot herweid&/38206he one circuit board. 17. The net hodpofi/ushaismuwibe;
further including formng a plurality of electrically isolated through-hole
conductors on the insulating material in the through-hole, wth each

t hr oughhol e conductor electrically connected to at |east one conductor of
the firest cTHemebthod of clenin d2, forthesindedimg: on t he ot her side of the first
circuit board. 18, The.circuit b d of. claim17, wherein i nterior
surface of SRS SGRIHRR TOBEVEP e it Ghitle SOGPER Y ISR Yooy ISP

S“rfa%aﬁ&y&tﬂ%@iﬁﬁ%lﬁﬂiﬁé:l%kﬂgﬁ%@ to a position internmediate the top surface
0 r

and the om surtace of the one circuit board, and di.ve;&es fromthe
posi tion i nfoeminedataesst tone theughthofeacemdaptgr heatboast anpetion ¢ dhe insulpbingne

circuit board to_ a ition_adjacent the. botto urface t Cl.rcuit
boar d.mﬁtglflal'ﬂﬁéh%fm@fﬁ%fshog%éylgl ﬂ‘k e 3?&“& h%gpgql ot ?lﬁéig?%@scogg%@%tr? , dtone
si de Ofadi RGe LBRAKER-JTAhE fiRATiraNit Frfiéald detdidder fhe st duftdatd & to at
intermediate the top surface and the bottom surface to either the position

adj acdatst phe comtuctonof theeng ciretie foyosil ondhe efipddne! thpenpeewhbagitf ace. 20.
The circuit board of claim 19, wherein the cross section of the one side of
t he through-hol e has an outline generally in the shape of one side of a

hyper bpi a. ?fe mPaftoFwldimboa rartaeipdluding gomeng alpdadatitycal ¢lyctdcaitjuisolated sheet
coated with an insulating top | ayer coveangﬁgne s%gﬁﬁce OL t he .conductive
sheet , thegnghrholg sendugtoso P ks My isring sRaieah dn b trenshsheleawtih spch fough-

conducy | i i ' ' PcRdgeiphed B8
conductey SoTHEEY MMy Batiid B 10RP b URIauERY BE ROTAT AP 8 i
boar d ankidodreht bileakide ofithedirstrciwnitbhardbot t om | ayer of the circuit board;

anda t hrough-hole or via through the circuit board, the through-hole having
a throughhol e conduct or extending therethrough electrically connecting the

el ectrjgal ?Rg%ﬁeﬁ@fbo%m trecibnP 172%fHer@Rthrl Mftedbie Slticeabs GRNAMGLEE-hoR t he
bottom Il ayer, the through-hole conductor electrically isolated fromthe

el ect r caabiges domd uc posigors kdicerdya dop iswdadeaef thy ote eirgilit opid toagarositipn. The

ircuit board | ai m 21, in the insulating edge.| ' t
Ceast BHETBHGH 1 AncNEA%; aba PO SBIEY Baghe o erhooih S ooy
IS exppsfthe fasitidiBi&ideatikd (e surfice Gh@ii® bbttomMiefRE Bf & dnetodiciiobosdr f ace

e

of the through-hol o
to a position adjacent the bottom surface of the one circuit board.

19. The circuit board of claim 18, wherein, in cross section, one side of the through-hole
has 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.

20. The circuit board of claim 19, wherein the cross section of the one side of the

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

21. A circuit board comprising:

an electrically conductive sheet coated with an insulating top layer covering one
surface of the conductive sheet, an insulating bottom layer covering another surface of the
conductive sheet and an insulating edge layer covering an edge of the conductive sheet;

an electrical conductor on the top layer of the circuit board and an electrical conductor

on the bottom layer of the circuit board; and
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converges froma position adjacent the top |ayer of the circuit board to a
position internediate the top |ayer and the bottom | ayer of the circuit
board, amslodveszrsgms from the position intermedi ate the trop/usaysns@nd t he
bottom | ayer of the circuit board to a position adjacent the bottom | ayer

of the circuit board. 24. The circuit board of claim 23, wherein, in cross
section, one side of the interior surface of the through-hole has an

ar cuat e out hitheugh-boletdrevipdlsiouglthe cir@tneatirdt the ttheughholeajeningaadhiohgh-bot t om

| ayer either th osi tion adj.acent. e top . layer or t sition

d acenttenutiim iR Rpdher s i g ey B B <Brienf AIREPR e | 1
Cross &RCIdyEN an®RRO TIdt&icl dRad@Ttorlt BE thBtor 18)F,[ AeetRdudhbivlé Rbad@ohol e
have an outline generally in the shape of a hyperbola. 26. The circuit
boar d eleciricallynisiated donhdhe ielrsirisally coadpitiveashieety by fane instleing dhrovgkrdigte or s
on the,top layer of the circuit board and a plurality of electrical
conduc{aéf?lg on the bottomlayer of the circuit board, wherein: the

t hrough-hol e includes a plurality of through-hol e conductors extending

t her et hrough; each through-hole conductor is electrically isolated from
each ofher the eligpit brAréd of sladacklomherpin thedpfilatiieotsgs 1nvr dlcduded é lesst one

el ectrjcal rd.cal: tor on the top

| ayer éﬁ%ﬁégﬁﬁéﬁgfﬁ%ﬁgmgﬁggﬁﬁ%@%ﬁﬁgﬁﬁgﬂc§§§kéh&?ﬁ% o?%§n1layer.27. The
circuit board of claim26, wherein an interior surface of the through-hole
converges froma posjition adjacent the top l.ayer of the ciycujt board to a
posi ti & i ntl8F i ROAFheol Jpon g%}grwlaﬁantﬁb%_ Fipb PHaSFe ! dhe iy Phefs ¢
board Sl F 9P b4 adjscea%ettb}gmybmﬁwemlﬁf@oa&@eo ag&idi@}yﬁrerﬁe@iaﬁéﬂe
bottom [ ayer of t 8 circurt board to"a position adjacent the bottom | ayer

of t hetlei topulayethazt the B&ttorihleyei of thet cibwialr boayfl, endidive2ges {wbwr ierpositiorcr oss
section, the.interior surface.of the thr h- hol.e h an_ar.cuat.e out,(l i ne
From ¢ Reermais B o fhind G Lotk s Y dULrraRLouRe B Pe R AYEr Bt her
t he pogbiidANaydelbRheirciiiBodr@P | ayer or the position adjacent the bottom
| ayer. 29. The circuit board of claim 28, wherein the cross section of the

t hrough-hol e has an outline generally in the shape of one side of a

hyper b%.a. The circuit board of claim 23, wherein, in cross section, one side of 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 layer.

25. The circuit board of claim 24, wherein, in cross section, opposing sides of the interior

surface of the through-hole have an outline generally in the shape of a hyperbola.

26.  The circuit board of claim 21, further including a plurality of electrical conductors on
the top layer of the circuit board and a plurality of electrical conductors on the bottom layer
of the circuit board, wherein:

the through-hole includes a plurality of through-hole conductors extending
therethrough;

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 electrical

conductor on the top layer and at least one electrical conductor on the bottom layer.
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30. A nethod of formng a circuit board conprising: (a) providing a circuit
board having a through-hole or via therethrough; (b) conformally coating

t he el ectwoceaddossmenducti ve sheet, including an interiorcswstasms®h7 t he

t hrough-hole, with an insulating material; (c) form ng a conductor on one
side of the conformally coated electrically conductive sheet; (d) form ng
anot her conductor on the other side of the conformally coated electrically
conductive sheet; and (e) form ng a through-hole conductor on the

i nsul atin terial in the thro hol e,. the .t hr.ough-hol e nduct o
el ectr |5j(7:'algl gg%ocﬁwggtli)or?éétﬁed@%g%%t%#ﬂ%lﬁ i dRiSHET g?lﬁfgceop fﬁﬁ%q@'@ﬁfg@'}lﬁlﬁ |y
coat edcehveedes ifiod A posandadihianetteheplayansk thd eir@aNBlLEd @ 2 posifitiein@irhediatd de of

the conformally coated electrically conductive sheet. 31. The method of

cl ai m 85, tophlayer aad dheepottem layen qbidlee FBeH hgad prdidivergsy BemcBsdersitérms on
o gL MO SEPR BE L PTG By

conf or battdy 15eabLle elrewit board) | y conductive sheet; step (e) includes forning
a plurality of through-hole conductors on the insulating material in the

t hrough- hol e; each t hrough-hol e conductor is electrically isolated from
cach obBer e Queilr BOLR EOOGNE O whBfh, ¢ Clbd REQHEN WOkt BHELObe iR

el ectrically connected to at [east one’conductor on the one side of the
conf or thabigh-ldathes ael @ctate cakline fromdibetposgicmhmédrnedciteathe ®askhyenand dreduct or

on the ot her side of the conformally coated electrically conductive sheet.
55 ThaShE s b o Bhes i B ED e (AR SEE PRI BPscisn Al eR e RORAE
mat er i pgjé,ej,_ncl udes at | east one opening where at |east part of an edge of

t he conductive sheet is exposed. 33. The nethod of claim 32, wherein the at
| east part of the edge of the conductive sheet is on a tab that extends

fromt cirguit hoard.either wthin .or,outside a peri er o e circuit
boar d. 4. - Fie cPRE B iim £ P fRan® e e oo RTbPhaf holsfaschs of
t he thootlighgh@raly in the shape of one side of a hyperbola.

30. 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 insulating material;

(¢) ~ forming a conductor on one side of the conformally coated electrically
conductive sheet;

(d) forming another conductor on the other side of the conformally coated
electrically conductive sheet; and

(e) forming a through-hole conductor on the insulating material in the through-
hole, the through-hole conductor electrically connecting the conductor on the one side of the
conformally coated electrically conductive sheet and the conductor on the other side of the

conformally coated electrically conductive sheet.
31. The method of claim 30, wherein:

step (c) includes forming a plurality of conductors on the one side of the conformally

coated electrically conductive sheet;
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converges froma position adjacent the one side of the conformally coated
electrically conductive sheet to a position internedi ate the one side and

t he ot herweizd@/s8206he conformal |y coated electrically ceotustises®heet,
di verges fromthe position internedi ate the one side

of the conformally coated electrically conductive sheet to a position
adj acent the other. side of the confornal Ify coated electrically conductive

sheet. 35. T @)_rE‘G]rUtdefJof&Ff&iU@f acplaralitg o
si de of,iBe, il &lalcdleltihid

fromt

gprdustais om the edkerseide i ofh theone
| .ough-hol e has an arcuate outline
e position 1 nterne g:tog&% 1388%%‘E,Si de and the other side to either

and

and the ot her side

the positi ostepdpamitides forming s iptleality dfhrqediidleroadljceaenh thbenailixgtg si de.

36. The circui boarc]lg f claim35, wherein the cross section of the one
g 'g‘i’l]e'ace of the through-hole has an outline generally

si de ofMmafgsial mthe fhrgp

in the shapg,@f ufhipnshdle Rhadettly REERAkiBally 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.

32.  The method of claim 31, wherein the conformally coated insulating material includes

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

33.  The method of claim 32, wherein the at least part of the edge of the conductive sheet
is on a tab that extends from the circuit board either within or outside a perimeter of the

circuit board.

34.  The circuit board of claim 30, wherein an interior surface of the through-hole
converges 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 diverges from the position intermediate the one side '
and the other side of the conformally coated electrically conductive sheet to a position

adjacent the other side of the conformally coated electrically conductive sheet.

35. The circuit board of claim 34, wherein, in cross section, one side of the interior
surface of the through-hole has an arcuate outline from the position intermediate the one side
and the other side to either the position adjacent the one side or the position adjacent the other

side.

36. The circuit board of claim 35, wherein the cross section of the one side of the interior

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