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*166166* The disclosures herein relate general ly to sol der ball eI ect { ePg %003
i nterconnections and nmore particularly to a via plug adapter fo

strengt hening a sol der 5 ball connectl on in a bevel ed via. Vertl cal

i nterconnects between circuit %ers is well known. U S. Patent 3,541, 222

di scl oses a connector screen fT(BIIR PeH BPEOMRECEINGCRI i gned el ectr

adj acent circuit boards or nodul es. The connector screen conpri Emmwwnmmum
of spaced conductive connector elenents enbedded in a supporting
non-conducting 10 nmaterial with the cdagkground connector el enents
protruding fromb t he connector
el enents are chos(e)ﬁ;I g‘éﬁrg}ﬁe@ggﬁ%@g‘gneﬂl Pgsggeigaﬁlcéo%& sposed bet ween
the circuit ua&rr@tﬁmeeucmdua aforé pariituliilge 4 Vie phpGdbptedior ftanipeRnnfcd soddes

bet ween the el ectrodes w thout requiring alignment of the connector screen
with respéct ball eqraeetingyige bsyelpdbiigl es. A preferred method of making the 15
connector screen i I g pattern
of 11 dges in a nont SoKaLRiSEA AL AR GHal MR I AT s B the

bet ween the r3 dge,azmﬂmblmeesmliodnecftmlslcmmﬂgmﬂaio@hneteh@slﬁmdpmctrbmmf the
nold are renov dtoform bof onductlve mat eri al xggortln

matrix of spaRBaCeRbRFEHItD BF‘?’HGF‘HQSCF‘FQB&PE’B{‘FF% XA the web.
20 U.S. Pat en%ﬁaée@%d%@ﬁv@&%ﬁédt&eéerﬁeﬂ?&ﬂ%d% irf é)MEggkﬂnEﬂbﬁt%Bn& HPnaI s for

a pinless nod preferably for a pinless netal ceramc rm
met hod isl()conmatesehwml thh@nﬁmth@mn@ecsctrebmmtscpmw@mfrmngthrad@ thereofig a

pattern of copgductors foarmad ﬂ% 0' $ zé)e rfac and ef or med |a-holes
ext endi ng f r oh'f RE° £BH SRS 5 CLAFFUS ma% yi° ‘65‘55% 8t°°B‘Pe 'ux at at
| east one of §dieerpéRi Wy digbssd taetw@dnahabﬁmmarc&%rafodmaetdqﬁbmmtﬁweﬁaﬁai of
the substrate to fill the via-holes with flux by capillarity and forma

glob of flux HiereprnestprharBirarihnelectradsprithory reduivnaniignpreat ofthe cpnnectosol der
bal I's on eaChs&Lzﬁgwml réslgg?ﬁ ;6 ﬂle%:aﬁig ok nodhlet. ﬁﬁﬂ?&% ed r‘hptﬁ?d' Bte V|n§ftkr)’|ol o plus

pr ef or m bei ng substanti equal to the inne unme o
t he vol un¥s of c@ﬂmctmrspretmmbelvf:qummg $hremtiugtiyetno!d hargeg sgmdlpattemfolfud/g@f t he

sol der preformto fi Q £ . nner t he eI et
wth soder: Mhnonsaredd e bisd, Bl rRfp DS AP G R B G BB, °1 e
mol ten sol der nicM,i fallbwarg wiich suimaiqiod@csnstoetmmalaaratembhai toi farrh @l veet dfcatl ons
whil e form ng sol der col umﬁsiﬁ‘&)n t he, vi a- hql ei. Tﬁ?fg rgsuj ta? 5{ nl ess 21
FEB 2003 net aPPP£eRdRativg MALEridnHpPArtng 2 AN 8L RAGHECHERHISF AR / O s of the
modul e i nterfa pétagmy% EBmitden Hgestorhigvgtp. of packaging (i.e., printed circuit
boards), that consis integral solder termnals. Each integral sol der

t er m nal %Q)rrpr i ses laScBmemﬁ §30,26A dlesqdribes omethod Oﬁfﬂralllﬂgl sokdgr tespanslefor a
substrate, Q S
spheri cal soI cﬁ’ %urr{’)%lﬁdr?g? rag%o’%{]oﬁltn?)eveg{ap%gc cngogtfée)r:g%%nec%?gsns W th

the next | evelconiprised ke figlowing stes: foatiapt sbbshark, h@inag adanerntof-coagietors

circuit board jncludes. electrjcal
formed onto its top surflace and preformed via-holes extending from the top to bottom

*166166*

surface; applying a droplet of flux at at least one of the preformed via-hole openings
25  of the bottom surface of the substrate to fill the via-holes with flux by capillarity and
form a glob of flux at the bottom openings; applying a solder preform, i.e. solder balls
on each glob of flux to which it will adhere, the volume of the preform being
substantially equal to the inner volume of the via-hole plus the volume of the bump to
be formed; heating to cause solder reflow of the solder preform to fill the via-hole and
30  the inner volume of the eyelet with solder; and, cooling below the melting point of the
solder so that the molten solder solidifies to form solder terminals at the via-hole

locations while forming solder columns in the via-holes. The resultant pinless

A

*G00002*
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i nt erconnecti ons between adjacent circuif board |layers of the nufti-I|ayer
board. A via hole is provided through a circuit board layer. The vi g 1hrEBe003
is filled with a via nmetal. 10 The via nmetal is plated with a | ow nelting
‘point nmetal. An adhesive filmis deposited over the circuit board | ayer.

Adj acent | ayer fiir r_cireuit. hoar ) ked d aligned

t oget her. Th?q%glg%?c}spei?rg}%ln&i%u?]e;\%/agaorﬁﬁ&tégnshbéegf/ geé’g?ieagﬁeiéﬁ% .mOfﬁ‘Ze | ow nel ting
point metal phteMbelBs waih 1B 66k feveladf phdMa@irpQiBE pfihted chetivBeidHdAc &kist ayer s.
15 U. S. Patent a491, 303 di scloses an int Leﬁrog)oser for connecting two or nore

printed circwiftntpgral spddesserpinads. rRpclint¢grel sotdes sarmiriah gorphisasraagdump iththewo  or

Conmected 1 o ait o e PR LRy st Ry fcbnd ot oBe LBl loP S Refbling ng

el ectricak i RuBsROARTipghefcal 5188r @RS bl thel vtioheledd] HeF makHQ infep@hinsdloder pad
has a solder bunp on it. A circuit assenbly is made 20 by sol dering the

sol der bunps véith bsdesi lquel of padkagingit er poser to corresponding sol der pads on
a printed circui t.IE%gijatgﬁ?% R9oqler, &@hﬁﬂﬁ%&%&t}ﬁ bQ%E%dﬁ&%gpl&ftriéarﬂe
e I'ng solder pads of a

interposer a.re |ikKewi se soldered’to orrespon
second pri nt dfteedonaedtionbbetnvden adjfentRatcenboarddeyer8&4hd endtiiles baardelAeciar i cal
connecti ng memi)er, ongﬁsurface 25 of whjch is cqnpected. to a_connectin

. g
section of a TalgstPrayided though acirpeitpqardriaysler Thanya Aplsthalled withacwa Bretalni ch
i s conneglyed G L t1) : ; e .64l g6l |t aenber .
The el ectC1 Ioi ca }%c\g?mect ?ﬁglbﬁgn\)@g% ]P\g??egtfl eg:piﬁﬁxg?ﬁ}' n%ﬁﬁg%gr% qlg{r %e‘agb %Sftggn
el ectrical | y avestheatiicus boandtieyer. Atjecendlayersg fnespalti-laper @raguitoatd 4rg  of

recess hol es. The.connecti.n r .al so_includ a.plurali of

el ectrical |y SHVERARS CURA RSTERr CheJSt dedemiainPe ke PRAPTSUsisTheat  ve
menber, i nSUH@WﬂeI&iﬁu@@oﬁﬂﬁhta@Ffwfdes M€ e@ridalQfitetddanehios thetvicthl adjzeemduct i ve
menbers i s exposed on one surtface of the holding nmenber to be connected to

t he connecti ngY®éction of the first electrical circuit nenber. Another end

of the elgctricall Uﬁ?ﬂﬁgffa hyes fdses Lr?%xﬁ%@gs%?%rggxanetcg% fofor Bofd03

anot her surface of t di ng” menber to onnect e he connecti ng
section of t hprirged oimchitbaaedsrconptisiog a cucdit-pambieg substr&e VARt Byt oSMERGoURRT

di scl oses a nethod of nuf act ur.e .of. .a sem conduct or devi.ce o . S|l icon
seni conduct or PERECPER 8T S5 BRRHGT S Sids pa BF copnes i) P ap Seefisdly) oy er
on the sem coguhidat®ve wbRsthe altdtrate OfrBRHIng el &tri @ intdit rfeRHiOE Gonl aeasiderder t he
first stress |layer, fornation of a second stress _|ayer on the_interconnect

| ayer, for mat WSUsT sids. Eaeteioldns pad hagiagiolder PrapOonNp)A CH B 2368l aadecond

stress |ay(?r1bf’?&]ﬁ&ﬁﬂﬂtﬂﬁgsaﬂgb%grfbgioﬁ‘%@silﬁé Bf MRSHYe séthQHHQs&%hﬁin?%ﬂEr‘ net al

dielectric layer and the second'stress |ayer, exposing a contact area on
t he surface opadsiom ayprinted ¢irmiboandndbe salder buneps ondhelothensidagf theangmasere at a

tenmperature Sﬁjr]ceflfk%i\v?ﬁtso}d%re%qg ﬁm%zc%ngs%%ncﬁ?xé %lder pads of a second printed circuit
board.
U.S. Patent 5,600,884 describes an electrical connecting member, one surface

25  of which is connected to a connecting section of a first electrical circuit member and
another surface of which is connected to a connecting section of a second electrical
circuit member. The electrical connecting member includes a holding member
formed of an electrically insulative member. The holding member has a plurality of
recess holes. The connecting member also includes a plurality of electrically

30  conductive members provided in the electrically insulative member, insulated from
each other. One end of the electrically conductive members is exposed on one surface
of the holding member to be connected to the connecting section of the first electrical
circuit member. Another end of the electrically conductive members is exposed on
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i nterconnect layer up into the via. U S. Patent 5,757,078 discloses a

sent conduct or devi ce including a sem conductor chip having el ectrodg 1pEEs20)
a package conposed of a plurality of insulating filns and adhered to the
sem conductor chip by an adhesive agent. The 15 package includes wring

patterns intgrRasad:ed SRBEhSIBRgRh&hBrith Ye @bnreBl i@ tHeN@nhiédiB sectid oM i NY
patterns are selectively connected to the el ectrode pads at one end, and to

the plural it yhesecaideaitatiicrdcirguicmanibet i ve protrusions at the other end, by
means of vi ahol es seni tor device further_includes a plurality of
el octrical |y condbESTAFTRIPAST GHEoSS AR of PBRTERE 60 SISt Rl ng
patterns by vgycObn blIficéPsathiBodtRlcRS? sBb4tedRkich BorhPBseld YbshdiRalora Bigsl ati ng
film Japanese Application JP 10-41356 discloses a tape carrier that is

used as the boesdilogr orthesemdradugensubstnatecoonatisinerfentistemoandnt feyedovieo t he

outer part of a.substrate board for a BGA applicatign.. An insulating film
el udes. vi altEst RS EYEr GPe0pn Rb Seeapt rEae e &8 TR iElaaBes v and | s
formed -in thgmyhids obeirk&l des J]é‘l'e!:ﬁic%ﬁ»’lb?‘i’@ep@\%r$lhéjﬁc§1&9§&%9la‘%rt, h the

| ands inside of the vias. The remainder of each solder ball protrudes from

t he i nsul at i pgttéming antigechinges e opening Bireughi the interrpetehdiclecpitdreggerdythhas been

R

(TBGA) | Gopaakyg,dnd hamitg thatédosatandmperanee suffitignt tontoee2biti rheal e Packagi ng
(CSP) applications. In Ball, Gid Array (BGA) applications, the via
i nt er connect i 1BETORBEF 13YBHUR 10 WE¥®. 5 sol der bal | reflowed first to connect

to the flexible oiygubii & AVQHENidiReyh SemihiRREQRAL: i EIdifyed onto the

printed circuit board w th conventional surface nount asse practi ces.
-3 21 FEB 2efticondicorsdiipbavitg¢iectomiemads. iagackags compkeeda fragilimbtyef

electronic interconnect fromthe flexible circuitry to the print circuit
board. This r’Ele%{mglr}ﬁW and aéﬁetrcecﬁm&i‘? %%?‘F?f’%ﬁ‘é{"éffé’a tig'oantar‘f1 e%ﬁ{gﬁge&“ eﬂﬁe sol der
connect i qn t opdhapelih@uddslveirig paxerhs Wierpssed betoEe® thelplinalifyeo lTRSIRatRE filkb.S

i nterconnection is the solder ball sheari ng t hrough the solder 5 materi al
at the point bre WiEBLPRRETAY A SFiseldved v eannspisd toihe glectrpds pads e ong endgdild i as

are desirabl ept p%@ﬁggflaecthbﬁlyaao%au&w%&mia@%a{hc%m&%ﬁdj HeskbF Pyt ed to

meet m ni mum so I nterconnecti reltability requirenents.

Conver sel y, tmdesdimgrsemicondunterl dexice dihsr innhides p abikralily ofztegtrivaper

UL out P L SR B TR R P Bl B
areas. S | efiashoRds pF@Gdedrif the outermost insulating film.

Japanese Application JP 10-41356 discloses a tape carrier that is used as the
bonding medium when semiconductor elements are bonded to the outer part of a
substrate board for a BGA application. An insulating film includes vias having
straight or non-tapered walls. A conductive land is formed in the vias and solder balls

25  have one side engaged with the lands inside of the vias. The remainder of each solder
ball protrudes from the insulating film,

The use of flexible circuitry in IC packaging has been a growing trend for
many years where the use of via connections through the flexible circuit dielectric
have been employed in Tape Ball Grid Array (TBGA) 1C packaging applications and

30  recently, into Chip Scale Packaging (CSP) applications. In Ball Grid Array (BGA)
applications, the via interconnection traditionally uses a solder ball reflowed first to
connect to the flexible circuitry through the via, then second, reflowed onto the

printed circuit board with conventional surface mount assembly practices.
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smal l er via capture pads, thus, allow ng nore space to route electranjc
traces between printed circuit board interconnection vias. Traditi oral FE/B 2003
vias in the dielectric are made by punching, |eaving a via through the
dielectric with straight walls. Qher nethods include chenmically 15

di ssolving the dielectr| | aser drilli se the netal nduct or
e o b o o MBtisplder B ool Bist MAF P eIl o ek agnest BPHoge

vi a nmet hods cgnt n i i nmeans
ot the via i R ALl ERUEPHEH. prildd GRpELERADTRL IARLIRY Lo0Re] dikerly TEONS

in diameter trelaedto thenremafithesdlddicontertioretuhe ﬂwehkeszxrmmrythnea@lnemmr oni ¢
package. 20 T e efor i S needed .i ratus a a, et hod for
providing a s aP ﬁaor@ﬁ IArEOOE IRy IS ISPldﬁm UIgflél}g sgidgr

circuitry aut Hla&'mﬂ bt flt 308t 6f th\é'n‘i"lﬁnﬁtﬂg c?‘Us@se@ﬁé’ﬁa‘l‘%ﬁaPﬂ&e%?e alﬁr&ﬁlﬁeffrén t
nmore space in which to route nore electronic traces. Summar

enbodi nent , adcmablengluycreqspdw ates irawkich elregt $iresn }sadmguutsd)tcdmpetlnamkmmﬁ
connection to f|l exl aﬁ)lh‘e ci rcui di anet er vias which inproves

the rout abi | i tY9& Btef‘foé’QF‘Hfo r&r\g}b&{]ﬁytrequbrelé?ﬁﬂtfess hi gher 1/0 and fi ner

pitch flex based B@%npé@@l?gﬂheﬁcﬂ@ﬂd fo? inlalitelechOnit Hask @ Belandchigher C Ui t
conprises a substrate including a dielectric |ayer having a first surface

and a second et WQéhUaéthfv’éCflea%ﬁérfout@gdﬁm’c"r)/e"ﬁqdmg supllende sizgs Bevel ed
viais fomred 10w} Ii]e%trg#lﬁlt%%sr 105 ohé%%{we%ggolgé}soaﬁ Vid %:%Ls QNP Y50 ﬁ{ma first
e fi and a second opening 0 att

width in rst Surft ace, second W n the
second sur f acemafléreds eaptiegrads,hBus ellowingntrdispade tandiealidcuenielttagesitetvieznmed

in the via, cor\me%lt ed Ig t he conductive, |l ayer, and extends from adj acent
the first opeRPRIFUCHRENoarg Intesconpeqiop Viss03 t he second openi ng. The pl ug

term nates adj acentrhfigosfR00Ms @Pﬁ)@'d’i@ec?x’ic &e FHaHg by ?Bﬁé}fn?é:?eﬁ hage. A
conductive solder ball is connected to erface sur ace and

extends to pr@hmuﬂlet}terd@ﬂmthe“séwmghwﬂlac@ erﬁmpthbﬁa:mpbzrle ghpmirallyge of this
ebodi Meng 1S gl \Fe e PR Pl B EIFRL RS BTl LA Sosghlor bal |

connection’to e Cir R8s
vias. Using tHxiblacipduigy. aD&pt:t&roldeabﬂemaphmaitdean)baf ﬂhesennemameainuoh

reliability does t have to be conpr s dto accommdatet routing

requi rements d&he f’ﬂqg‘ﬁ haﬁdﬂeTCPﬁae%’Pf‘gﬁ agq]é& PEERRS g Re RS W@ﬁlgﬁbl"iaéatl ons.
Usi ng commmon Qﬁﬁbﬂf}' Kk @S bé ergér tRar] ®b60 fihf 16 Wi drfidter 18 nfeERMi@muM Rliiligws for
a smal ler via capture pad, thus, 10 nore space between via capture pads in

whi ch to rout eequirementnfor therehecsronicRiackageDescri ption of the Drawings Fig. 1

is a sideyyiewill n I dto
acircuit goard byug'{e; u}reéﬁ’lhtgp ‘S%fqpo% ollgé?ép@grlfa %aﬁﬁ?éﬁ&@&pﬁoﬁ Bg’%%@%lﬁg&%
illustrating andlrelmblleasol&ﬁraaabpmematgon icbfldxitge citcuitry svith strafl dramseteriviidsiemtir at i ng

on 9P 0 e BRERLIE:aFl B SHOE ik U LA Pl TR ©

enbodi nrent of a plug in a tapered via.
Summary

One embodiment, accordingly, provides a strength enhanced solder ball
25  connection to flexible circuitry with small diameter vias which improves the
routability of the flexible circuit to address higher I/O and finer pitch flex based BGA
packaging applications. To this end, a circuit comprises a substrate including a
dielectric jayer having a first surface and a second surface. A conductive layer is on
the first surface. A beveled via is formed in the dielectric layer and has a first opening
30  ofafirst width in the first surface, and a second opening of a second width in the
second surface, greater than the first width. A conductive plug is formed in the via,

connected to the conductive layer, and extends from adjacent the first opening toward
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Fig. 4 is another side viewillustrating an embodinent of a plug in

tapered 20 via. Fig. 5is a side viewillustrating an enbodi ment of 211 FEB 2003
substrate interconnected to a circuit board by a solder ball. Fig. 6 is a
'side view illustrating an embodi nent of a tvvo I ayered substrate

i nterconnected to a,circuit %)o rd by.sold !é ZSWEiF%.. 7 1S la side view

i |1 ustrating BHSERBOAPHRURE bhe BlUgRsTHIRAlss Jaﬁsw ECOMCIRTBIPRG ARYBC chi p
connected to 1ﬂie?fﬁpe9§dr?§c% AFéoGhdugthe%oﬁel"bﬁl’YsQBnﬁe’Bﬁ:d%‘@ﬁgﬂ RliftetakERBLONY
line 8-8 of Fig. 7. | ed Description According to one enbodi nent, Fig.

1, a fl exi bl endiextenids tciﬁroumdq)fmsﬂhe sec80d sufaserate |2 formed of a flexible

dielectric mat eri a The strate r .or ,other sui bl e
ter i al havine o hiRrOeTaLEN st of hisenbedimety By biiahe viagdaet rﬁll&%ﬁéeérs
The pol yner ane@om@} wlm&ﬂec@onaelmé%teeamuﬁfy @&mﬁﬁalkp&wamﬂm

21 FEB 2003 for electronic applications. Substrate 12 also i1ncludes a f| rst
surface 14 antlametspooas Oppoptictwa plug fadameridnceint,colddulball werdoayestiod 8, of

copper, gold t. 0 or ot her .suitable formed on
PPt surt acadisbiffidenant g % by PhpBontireds atS i Ee aoabt*%reeugaagmﬁo nd
a plurality chf}ﬁgmﬂ@CﬁhE@xtEKﬂ@ﬁﬁas@@l@@hﬁl@@:n@ Bm@ﬂoﬁshms%mm:mxwd@ 20. A
plurality of beveled vias 24 are fornmed in substrate 12. Each via 24 has a
first openi nguis for flexibleraircuinivel e smeller vig #llowsfer a gualieayia capureaped, tusecond
openi ng of bi )\Q% rf econd wi dth W2
is great (Zﬁ) th%lgrefsﬁrgg%]getwﬁgi ptuE"}) P@d\%@lﬁg Qf’%l%n(l: i n&@rac% dewal I 30
which is sloped away fromfirst 10 surface 14 at an angle a of from20
degrees to 80 degrees, and pr efRrieflegcradtioanf dreddewifesf rom 20 degrees to 45
degrees. First opepin 1S Ci re ul ar

Do o0s oot her - sop Bl i€3 5198 Vit Tt Pline g §ied imen] o 1B Bicianteded 5 o

A conductive @lddrcdd bdardby 4 pRinglitd of Solde@baBsl i n bevel ed via 24, and extends
15 froma first plug interface surface 34, adjacent first opening 26,

toward the second Bigediri§aze vippjljugmting p girenireda epningent t he second

openi ng 2& at a se rif irst plug interface
surface 34 is conngg)ggpi Cd\’;i ﬁct]?s?/lgnﬁ ﬁﬁ@gni@é g%ﬁ él‘he second pl ug
interface surface Big. R2ss afs:davchvwélustlnamg anSeodungnt ofp plng er§ apaecd uraf ace 36
may be fornmed to term,nate surfac 4and 20 second surface
18" fay be ormed EUER E RS S i St et 6 PR EOAPRETT  om
t he second sugfaace 16, Fig. 3, or may be forned such that the entire
dome-li ke surface extends outwardly fromthe second surface 16, Fig. 4.
Thus, a range of pﬁgg%lﬁ%%h@sssdeowe\héit@ﬁ@tmszﬂm@dawgOfaalmgﬂm?samemdug
interface,surf{gce 34 to second plug interface surface 36 may vary, but is
at | east % mcrons, Fig 2. 25 A conductive solder ball 38, Fig. 5 1is
connected to secondflg)ISUlg aisiieondva dbissatirganeng®danenaof & sstraoirdgrornatted
surface 40, ap grot{]udegbfrom seﬁqu substrate surface 16. Sol der ball 38
terminates at % SECHHRPATPHRPONE Pk iy face 42 which may engage a printed
circuit board 44. Rigl® @as&mdnmlildsrratmgldn eAtbodniend Of & BUdRlerdd swttrateus
suitable materials. For exanp pl ug 32 ){ be forméd of a high 30

t enper at ur e tameqcewcy&ta@rwéwgéesé byiseiderskillder ball 38 forned of a

eutectic n- | ead gaged

wi th sol dgé ball 3 #'gflrsré gﬁﬁ%wpldﬁlgfl%d soitg)%IJ;V"CH(&%EQCQi %ﬂpg |%s may be
used which neexlclmdi&gamh@mhmlcwnne;ctafchqlalsnhsmm and neet the condl tion that
they provide the p'ﬁé‘. mtaevrlé\goft e sxalbstrate tgl?e%ralc_mGg line 8-8 of Fig. 7.

Detailed Description

According to one embodiment, Fig. 1, a flexible circuit 10 comprises a
30  substrate 12 formed of a flexible dielectric material. The substrate 12 is of 2 polymer
or other suitable material having a thickness T1 of from 12 micrometers to 25

micrometers. The polymer may be a polyimide, a polyester, or other known polymers
-5



21 F E B 2003 shear strength than the solder ball material. As a further
exanpl e, plug 32 may be fornmed of nickel engaged with sol der ball 3§1ﬁ%ﬁﬂg8
of atin-lead solder. In addition, for inproved bonding, an interface
coating 46 may be provi ded between capture pads 20 and first plug interface

surface 34. ating 46 may be fo d of.a suitable mat er i selected from
G0l d. " pal adi ulIRAAPEREP gRe: “ERTHE ABIES RS F G BRr AL B 5P hnd

sol der bal | 3%;&%&M¢Q@rfbdmr60\4¢§brﬂﬁct%% '18,|th06}5;§€%0€01§9?51&&‘(9)}3?&, old or

t her ebet ween. ating 48 may be fornmed of a suitable material also sel ected
from gol d, pabthgf suitadiomaesilelsfgmied onBusteutece/] bandinclupess ploraligy ef spaced
apart in a side-py-side confi at,ion. 10 tur ds are.formnmed . at
each first opg?ﬁ’ “&%Fal’i*r‘férpéﬁh%#’re‘%“dcaalﬁ?ra\}% Qggggéjufgvgﬁéceéla d° ‘635?8% eﬁ’béhft in
a si de-by-si deamorfdadynati on. Spacing between vias 24 is of a
center-to-center distance D of fromO0.25 nmto about I .27 nm_ This spacing
pernmits at |east tHyplralitnebbeveled vigs 34 gre foaneeiprsubsicpte b3:- Eadleviedphesa pads

ayer 12a 15§ ckeibk ahar iy SR 214 0R SHeRepil ity Mo budlla B 8150 ©

includes a fi kedondwiidCw2]lahesdod seRents. sSuchas eidifay? 4 gonetdbh fiest | ayer
18a is provided on first surface l14a between first dielectric |ayer 12a and

second di el ectyifid Wiy &eveled vig 24dpedndsg asidgwall 30 vhigh isstpned appy Sromyiiest ectri ¢
| 12 . . :
| aver 15 3y BTRsPER ek A0 GARR1F 80 hes WIERRPARNN SFUSHREL '

the layers 12af#&eth 18 de@myeshe 4p degreele Figsop@nmQ\26!s €9adlar, Big. t Agonstietg, | ayer .
Vel | known tape ball grig a{ray ?TBGﬁ% ackaale;_typ,i cally includes a
substrate haviig &hos HERgF ot FWher fute sgm)an stedth W 1ds &g €0 mmdo i s
surrounded by paipgrray of vias. Leads fromthe |IC interconnect to the vias.
One enbodi nent herein, Figs. 7 and 8, discloses a substantial inprovenent
such that the substA aserductveplugddbdiignt ard 2 ys fokmehn baveiedsia 24@ed axendsas t he
IC. This i,3 passible due t he_reduced .si z enings ,of  t he tapered vias
as descri B8d dbava rkiee s Eab Rty 3 adher PHSRen)E AR onai bERELR

openi ngs per lrﬁdp&niinQJSec’ﬁl@u reaﬁiaauwbtljiad&gt the ksudad gbé}ﬁn%( 288t a AHebnd pliupe
opposite or larger via_openings.provide increased surface contact to

i nprove sol dernEpee SESF 161 ?gﬁglfsm?lua*ﬁger&?ﬁﬁu w513 19 SeREGI TOBOSERGYe 7,
includes a subgphid a0, Iire R8MdAuBinterfad sitiict 36 & dllddsiape esagddsur f ace

116. A surface area Al of first surface 114 is substantially the sanme as a
second sur f aceping saerfgespriage 36@n4)5% fovuedt lederonnae betwean rst sorfacs ldgnduct i ve

| ayer 118 Hn parti [ | t t by
| okds 152 0 SEALHRERE 16,5 ReH 1 PhGRo B SRR BB gliuatdl, Y, .
112, and an adfiemitvesdcayesurfebe 1Q1Fig.G. dSRapbefdrmeé sadnhecthe dntivg dame-like

i nterposer |ayer_154 therebetween. The interpose ayer .154 may, for

el o, b SOREF PHRCATSHTE Tt o Seih U P 2o iR EMaeaive | or
a non-conpl i anﬁxidﬁﬁ&@dr?k%ﬁﬂ@eﬁ@ncﬂn§§6:ﬁ?§ﬁ piig iﬂte?ﬁ@@ﬁfrfa%gggtte scedhdpragt e |12

includes a plurality o bevel ed vi as 4, as descrjbed above. Each via

i ncl udes a fi ristertgpe puniase B anayrvary. bst is sulesss & enitrops dfig. 2 second openi ng 128
in second rface 116 . i@t h _bei. [ h lrst width
as herein 2(?’(La]scri bed’% "K“gﬁ&ﬁ‘f?‘?a‘g}?"s?wp?rgbeﬁﬁdp‘?‘ﬁg ggtg{lfo\r/sleﬁgofdgplégﬁxg%ﬂé&% om

adj acent the fsurface 3p@ana figst bddberthall adjfae @0} arideotsedee ftbno pedhd gubsitiieand

termnating at a_pl interface surface 136. A conductive saolder ball |38

i s connected 1§1rfaﬁegﬁesﬁfdﬁbb4 Sepainglesalarsgeqnd 59 Céh%ﬁ %‘%?aéﬁdg "Yeib"bp’ﬁ’?ﬁfrude
from second sugfacea bl eGP j O | I8! AN 44. Thus
a plurality of ﬁs% d(z-'jl:b Ib%fl I grcl3g&g€g!\'/i glgég%%gfgcggér%ill?ﬁ l?és& Een}l% o%%ogcross
second sur f acevariBisshitshibsiatesiels. Foexamiptehplrg 32 mbay beformedoba/highcomonl y

h t of i f i k j t
oo face 1130 " WA iR S o fEaefE b B B SRR e SO ARl
enbodi nent s ar golératALEISIY 32 RbyBe RFRBY @Fco?B@r@nﬁgeﬂ With s A8 a2 A8ABFmdaRd 1

connection to flexible circuitry with small” (1eSs than 0.200 nm di aneter)
vias. Using t ha twileadsaldera@aer eembioatapmaydeluded whizhiméenthercoodmasivity on

reliability does not have to he compromi sed to nmpdat e the.routin

requi renments ofe%fralﬁlefnla@s '?ﬁehgﬁeﬁf)?cgﬁoq {Pg&tﬁﬁyagrgaﬁlceg’)%@(‘fﬁg&?ﬁ&l Qﬁﬁﬁr%?ons.
20 Using common design rules for flexiblescircuitry, a smaller via all ows
for a smaller via capture pad, thus, nore space between via capture pads in
which to route electronic traces. As an exanple, using a via plug adapter
in a 0.085 mmdianeter beveled via, 4 traces can be routed between capture
pads with simlar solder ball interconnection reliability as with 0.300 mm
di ameter vial that only allow  routing of a 25 single trace. The foregoing
describes a flexible circuit wwth a z-axis via interconnection between fine

. 2 S . .
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21 FEB 2003 (the solid of a cone between two parallel planes) shaped netal
feature with a slight dome shape at the second interface surface. AslthEB 2003
z-direction thickness of the frustumgrows within the beveled via, the
surface area for traditional solder ball attachnment grows dramatically

i hani_cal | owi Y 5 h i | I d
Par i o coneRar sEae R ARV ek Bh R s thihe! Qume Mimanbs oo ne.
smal | vias i ngddaeedfdrexdie] ﬁmglﬁ%)écgﬁitﬁ solERY YIS %&&dr&ut@bﬁehd tola&f 14 h&nifidrexi bl e

circuit to address higher | ind finer pitch flex based BGA packagi ng
appl i cati ons. foxsimpresiHondingran iptenfadé aeating g6 oel de providadristiveencaapturd padag a

substrate 10 iLpcl uydi a dielectric yer havjn first surfa and a
second surfac Baﬂgg{éﬁgﬁ lf’ifé af?ﬁ}‘gbcf" ég'oﬁ_o?% %i’ﬁ%yt%cs{?mlg%gfé ﬂ"%gl?el ed via
is formed §n thReshabiestkd From @& palaliiifn YhdniRas-galdf IFustheRBB bdadRg a first
width in the first surface and a second opening of a second width, in the
second sur f acébetvggeapleg 3% tndrsolder bal] 38 mayibd impropedtlhensthar yrterfragropteng 48
connected to nduct i v ' i . Vi e ds from
adjacent 1 S %@%d%?‘r’vgéh o%‘?ﬁpkgxgélﬁgﬁo eeOf %ﬁﬁ@‘%‘&éﬁ?‘ﬁ&‘%@éj%?%&“

term nat es adjoatdphlatiien seldektl-@pRNi ng at a plug interface surface. A

conductive solder hall _ is_cgonnected to the plug interface surface, and
extends to protrudBeekhvisiedsbigohdre spaced epartan asiierbyesidfotAntgnratigR.ovi des a
circuit c ries) § L ReLdmli i Cd n:aﬁéi gef 1 1t
surface a(r?lgpac%l coﬁ%asﬁ%cgé.rﬂlﬁhcon ucf{}g[ Iergi}g?gi zﬁéc{gﬁ)&%}étgé% i rd"gtgo sSrface.
A bevel ed vi a al® dpacetieapartin b kide dyedli dectonifiguladgrerSpading beiveeeh avsas4fis 084

opening of a first wdth j.n the fifst surface and second.openi ng of. a

Sbcond ot dt h ST CE AR Db S, G P (B RBTH 1 TR i SRAHE Pas

conductive pl ug |dast heRNACELID foabdterwedtdidd bycadd apaire pags 28 formed in the

via and extends from adjacent the first opening toward the second ogéanl ng.
e

The pl ug terni nat esinddpds eireuit Heingladenaisubsiesie ingludingan frst dielegtricdexer 4

surf ace. co tJ : ag: j : ect ed
o the pl g i R et ERLRBH: Mkt LYZEE dd i, BT iR des M AR EONTE, P
second sur f ac eardredsetendsunfatetbaat A aosdrtndlagal Ide s fravided an fiastsurfa&ceddant ed

ircuit board i ith.th d bal | face. .In still
Chother onbodi TRNEE BeE etk HsrPt Calses A BErsat lavent AtRgeiad'yf 24's
diel ectric | ayRimbaw NGt defebtriclayer 1 2RGLIREGhea 25 I BSdabace. ARoJaBe I Of

si de- by-si de beveled vias are fornmed in the dielectric |layer. Each via has
a first openi ngeend dickeciristlaxgr &3 maybetfpangd of apolyimer materialaydescabedad@vVopeni ng
of a secong w Lt r J 4t h. Each
via incl ug'gs a@ég%i&gg%ﬁp S‘QQQEWXS& 2}3@%6 s(1?l cﬁb%agggéﬁ%‘ét?ésrtlwﬁ ug
interface surface adjelidewwnitiye Hailrgsid amae{TRGA) Baakagpivpiralx irshatiss fir om

adj acent the firs lLug interface, surf. towar d. t he second openi ng., Each
o1 g ter nni nat tkal bEdne % FAEE HEGPER RSURES i LR ER R SRR ace
surface. A conghatrayef vigd. deaddfbm thald tdreshnaét €@ viasl Drnehtbdiment herei,

sol der ball surface engaged 5 with its respective second plug interface
surface, and eki&&ntiang sy riebstaptizlimerayemen sudyihpibe sulsyak isol der bal |
term nat esyzat i [ ' WS
engaged vvlsztsfl1 tﬁjelﬁggggl dég&c}fjin?pﬁjgafégx&%? gglg.lé}é\@éfosﬁ%ﬁ%ts ﬂ%glgat%tﬂgfgagca | ayer
i s engaged wi t §iz¢ hperfingssif thertbparédvias suddsentisedaboeaclfhup) the advantagesprovided

si de- by-si de, ced,apart, capture pad.|layers. A pluralit f conductive
trac esyext end ﬁgﬂ?ﬁégﬂ"#ﬁémﬁ@p ”Efes-pﬁf?ggf H’érey@ée&t{?%“ﬁ&ag I%Sl%%g %’CAY 1% r#lﬁ%r
enbodi ment  pr o\Hedposte@Let h oﬁérﬁﬁg%mr@@d@gnéﬁb%ersu@elcohacﬁ{owigﬁ,rdv@ a

flexible circuit substrate. This is acconplished by formng a béeveled via
in the flexibl eolderkallshearsengiat Ehhehip seplapsckagst108uFigad.anelndesa wibstoatel

surface. ir ] ni, Q. i I in the-fir urface and.hag a first
wdthe oa sibondi? Fap B Seic? 1aR0BFR shibeh S 426 AR R B RE,

second wi dth, gurfsadear 4tihaibstahgallyithé tarié &4 dsecdhdQffaticirby/ 82 lof¥LI1CI1S0 f or med at
the first opening. A conductive plug is forned in the bevel ed via connected

to the conduct Medniegyasrsubgratmbl2. 14 eonsiugtvelryesdd8 on perioasphfmshsurfase 144 r st
surface toward I ug .t ) ) a pl nterface
surface adjace ﬁe@? %E&%ggg% gouISCLﬁbgacy elngcE i(%l(% h %‘l? cat%ﬁggévr%?%?%el?g 54l SFMJ#% fe1 Egogg ed
with the 20 plug interface surface. The sglder ball extends to protrude
fromthe second surface. Al though illustrative enbodi nents have been shown
and described, a w de range of nodifications, change and substitution is
contenplated in the foregoing disclosure and in sone instances, sone
features of the enbodi ments nay be enpl oyed without a correspondi ng use of
other features.' Accordingly it is 25 appropriate that the appended cl ai ns
be construed broadly and in a manner consistent with the scope of the
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21 FEB 2003 CLATMS: 1. An el ectronic package, conprising: a substrate
having first and second surfaces; a plurality of bevel ed vias di spo@ddEBr003
said substrate and extendi ng between the first and second surfaces thereof,
each of said vias having a first opening of a first width in the first

surface, and ﬁb%ﬁﬁ@rltﬂz%@ah@ehégtveqafe%qwgnmds@afennfeb@bxﬁe&wgy&yrface_, the
second width being greater than the first width, each of said vias being

sl oped away fintarpesar thyén hﬁtthsabeftwcel aTheamteangtrdayartllﬁﬁnnayhéorr@aatgpleowe about
20 to about 80; @ Iura |fé§ nduct aﬁxﬁl uclg afh of said EI ugs being
di sposed in offisnR}idnt Biafriz &ﬁa ?aé’?ﬂ’iﬂ OGS watgriph OL £ PRPGETRI ace, sai d

plug conpri si paieRaf bilchilas H%Ex%fdxc%na N tSMbﬁfatéPi‘ﬁﬁfchQ@i Jiﬁ}urﬁﬁ@@f of said
sol der balls being disposed on the fpl rst surface of one of said plugs and

conpri sind a bevctedoviasmt2ds andeserabadragore. IEmbrvmung}mécs a;ﬁemopsnm@hlﬁlh firftan said
first materia r at ed mrcw{ di s

| te r.f of
sai d substrat %‘irfaéﬁdllga‘[b‘f? RGCORd @PTHRg 28b‘8§$ n SE 6%‘3 liirs‘g%’a d@fh%f%e of

sai d substrat greateptithnid AiseHidth EEkréin fae@h@ecbeArwugcmmr%c};r@\Qdé&nseawwﬁe&ond
surface, by way of said plurality of solder I'l s, across a space bounded

on a first si @aerb%/frgmaﬂmﬁmﬁh@ﬁrswmmgtl%daﬂdaaamﬂtﬂosmd@djomlrm KB8eotd side

by sald second s 28515 e HIEBAYANS 0, X Ao REAEHD 334 Lhidleg

mat eri al conprises a rom t he group consi's PS5 Ckel |

copper anm hi ghtht ehigeintifacesurfade | Baghdsextanas & pratru&r&ﬁoﬁe&k@gﬁueﬁacaimfm 2,
wherein said first materi al s a tﬁgh ten‘q_grature tin-]ead sol der and said
second nat eri §pruestign @L&E&“F cipqui_hoard§ 445 |TH s, a pluralityrofpsopsien hgjis 138 propide

package of cl g} thrdy wBTELAGH frdssisalondBirflceal1g of s QAR gruén@mﬁahd second

material is a tin sol der . The package o wherein said
second materi aitem:vaM}ﬂmWEﬁscoalmmniy hergthfere kdewn spate sequiredi fosmoumtingranAC
conpri ses nicke f, claim2, further conprising a coating

k
di sposed bet \A/Eé‘f%‘%sf’a"Bﬁ?‘ifS‘gg‘Hg‘%géqé sol der bal |, said coating conprising a

material sgl ected fAKiMdnt® @l Sritsjabidvagtapés mh@lsc epddodandrdnarartat theckel .
7. The package of claim1, wherein said substrate conprises . a polyneric

di el ectric matErpl4g ad@terﬁﬁ@lmw&a@eéﬂd@ bajl popnecka t@ flgxible drcuimystitat e
conprises a pQli1Tied€than 0.200 mm diameter) vias. Using the via plug adapter concept, solder

ball interconnection reliability does not have to be compromised to accommodate the
routing requirements of high 1/0, fine pitch flex based 1C packaging applications.

20  Using common design rules for flexible circuitry, a smaller via allows for a smaller
via capture pad, thus, more space between via capture pads in which to route
electronic traces. As an example, using a via plug adapter in a 0.085 mm diameter
beveled via, 4 traces can be routed between capture pads with similar solder ball
interconnection reliability as with 0.300 mm diameter vias that only allow routing of a

25  single trace.

The foregoing describes a flexible circuit with a z-axis via interconnection
between fine feature flexible circuitry and gross feature printed circuit board solder
ball pads using traditional solder balls with the novel use of a via plug adapter. One
such application of this via plug adapter is the flexible circuit application in IC

30 packaging for BGA to printed circuit board interconnection.

The via plug adapter is a metal plug additively plated into a beveled via. In
addition to forming the plug using an additive plating process, a process such as
solder reflow could be used to form the via plug. This via plug adapter is a frustum

8-



9. The package of claim1l, wherein said substrate conprises a polyester.

10. * The package of claim 1, wherein said substrate has a conductive 2 RyER 2003
disposed on said first surface. 11. The package of claim 10, wherein said
substrate and said conductive |layer forma flexible circuit. 12. The
package of cl@ | e Y ' Iy ot aid
conductive la%g?oﬁ%’g'f%("gﬁg%gg\g agth0 f fggﬁ%ﬁ%&?ﬁﬁgrré?%ﬁggﬁtfr\g@ﬂ%%g}?ve

| ayer conpri sixmnecshppeat.the se2ond RierfaeBsfd8. Ab4he Thitreptiarkthipkneds of ttei m 10,

wherein said conductive | ayer conprises gold. 15. The package of ¢l aim 10,

wherein said fE‘&Hﬂ%S%QWFe‘”‘I“H?ﬁ?C W%lﬂi"?eg’cg%ﬁg@epmﬁ?&f ‘E‘Hﬁ‘ﬂ)@aiﬁ“ﬁ@’ b?ﬁe package
of claiml, | ' : Wel’d 1.5 b, f

about 0.5 i | Lo A e R o aaplet P SmbOBE I i

pl ug al so 5t erhdvaatir solde lmdotectosuedtian ecliabiloh ab sviibnargentagtplivstidns.sai d

conductive | ayer. . .The ckage ,of .cl.aim 2, wherein the integrated
circuit has aysurfé@‘é‘”‘agégggdi?ég'&meiqﬂxl‘ € FingHikuppIo¥ss the rout ygfﬁ?t sur f ace

area. 19. Thenpagkag&ioh 288R5Mither MG LA Nn&dhifih AexRikéh Bb@xspataﬂgri‘l% sl oped
away fromsaid first surface at an angle within the range of about 20 to

about 80. 20.apphieatipaskage of claim 1, wherein each of said vias being

| oped f id first f t ar le within th f about
20 o about 45. 21" HESU 0k AGEORmEY AR AHEPLEATEEERE A B Ly surt ace

is di sposgd DbMeRB asBélectfit [a5br BdVinSL 660 SurfRe AhA S ednd efadd. 3 cdRuctine
package of claim.1, wherein the first opening is circular. 24. The package

of claim 23, laheriepmthedisstisprfage. opbaveled rads aroed ietherdigleetrit leyehelheange of
about 0.05 nmtq fﬂ'?todﬁtenxg)ag 3f BYfist width in the first surface and a second opening of a

second width. in the second surface, greater than the first width. A conductive plug is
connected to the conductive layer and is formed in the via and extends from adjacent

I5  the first opening toward the second opening. The plug terminates adjacent the second
opening at a plug interface surface. A conductive solder ball is connected to the plug
interface surface, and extends to protrude from the second surface.

Another embodiment provides a circuit comprising a substrate including a

dielectric layer having a first surface and a second surface. A conducted layer is on

20  the first surface. A beveled via is formed in the dielectric layer. The via has a first
opening of a first width in the first surface and a second opening of a second width in
the second surface. greater than the first width. A conductive plug is connected to the
conductive layer and is formed in the via and extends from adjacent the first opening
toward the second opening. The plug terminates adjacent the second opening at a

25  plug interface surface. A conductive solder ball has a first solder ball surface
connected to the plug interface surface. The solder ball extends to protrude from the
second surface and terminates at a second solder ball surface. A printed circuit board
is engaged with the second solder ball surface.

In still another embodiment, a circuit comprises a substrate including a

30  dielectric layer having a first surface and a second surface. A pair of side-by-side
beveled vias are formed in the dielectric layer. Each via has a first opening of a first
width in the first surface, and a second opening of a second width in the second
surface, greater than the first width. Each via includes a conductive plug having a

-9.



21 FEB 2003 25. An electronic package, conprising: a flexible circuit
conprising a polymeric dielectric substrate having first and second?21 FEB 2003
surfaces, said substrate having a conductive |ayer disposed on said first
‘surface; a plurality of bevel ed vias disposed in said substrate and

extendi ng between the first and second surfaces thereof, each of said vial
having a firsfirsoplusiinigrieee surface edjagantithe firet apgaingi Egeh plug £xterds froml a second

openi ng of a sgcon t.he sec sur f the secon h bei ng
greater than ?ﬁ%cepfp?tﬂﬁ{] Q}FE ‘8@% x?acgéf)\ga@qggs%g?cﬁ&pe&l%%mh from sai d
first surfaceteahxxﬁ{bsaaagicenm& Béddnd bfenim @@ seéord iderfhc@ saR 415, a
plurality of conductive plu each of said plugs being disposed in one of

sai d vi as andCQT@mﬁlYfaqudfg ha?l i8 farmed et esch yiasamdthas e fivtiseldern balli surfecsrengagedui t h

The tirat and aailiErefie &S0 BIR NG IEe HnGL B Bhcite G RBEREn 8 "ol g

conprising a §dcbﬁd sffidc@! iBdch Seldectiderntinated siex ﬁé&ﬂ&ot&éﬂﬁélﬁidrﬁge OA phihfelée! ,
copper and high tenperature tin-|lead solders; a plurality of solder baIIs

each of said S#fuieboasars engaasdyithihsseecnd selder hall sistasndAsODducsve fapteof one
of said pl “gsaa@ﬂgéﬂg%gé?éce%%% h%‘ﬂrét @Eg&’&%ﬁ%&’ ofseﬁ&lggﬁ:gliéf n%%c{e%g slﬁ’{ sai d

substrat e; rinte 1 rcul boar I sposed on a sur sai d
subst rat e sasphcpd apdrectapiulrc:pact laberar 4 pﬂmalmg of eombctiedtrhaes saend bewesntthe

surface, lural,ity of solder balls, across a space bounded
on a fi rs1 Si alée%;/ Sé‘gfi WPEYrerﬂag&a%fsr cuit board and bounded on a second side

by said second surfsgffther éﬂ)bodmen LBrowdes a method of attachx &)a solder ball to a via in
. AAS. A@Q.. Ah, . AhL. A9. A . AA . % A. . AQ Al A a

cc| wr mhc”Y] capéh}(xbéq @a@mh?@@]@@] a'biscaé}wompb%ﬂedé?]yd@]rmag aé)}i‘iﬁif}dm}l trefhea] ca] ca]
o1 ca] ool ca] car EXTERHARAPRLZ Ao KB Snbled b sotd ST ALBRRNEC) C2 ¢
a] ca] (& all';: ;’:1} / z oi(emn% Sli]idm]ﬁkd Ii:’f th’E*ﬂ‘rjgzﬁs\{rﬁcbiénd ihas a first w1c]lth A] secc]md via opening lS] ]

z cal ca a] ca] ca] ca ca] cMa]ca] ca ca] ca] ca
] caU] cal c&i ca]L‘l‘g"H]eg"‘a]‘}&eaie&Q]‘g é‘}g %E%F]"csfff \‘,’ ith, @f@mihammkm?w@« <@<ABDYG
1 G GJJJIKKF MOEKAuenkE daydt %%L&adtﬁ@hﬁ%ﬂ&ﬂgcqi E@,{&Le@&,@hgﬁs}f@ﬂm@h% ca] ca]

ca] ca] ca] ca] ca] ca] ca ca] calcalc”a]c d] cal]ca] ca] ca] cal
\ * >dFdRdZdddd YevgshyigrronheRed j9 the conductive layer so that the plug extends from adjacent

kkVI'1| E
] ca] ca] gfigi ghﬁ%] gﬁ}rcg}tggy}'ca ga cgg% caiagg% @mﬁkiﬁgﬁﬁ% %]u a}“%’% Laa]r (r:?
f snszs{ st | vyy|surfade}adjadedt theckcaldcaliee] catadhcileca]deabalbhiseapaeliodhabd ca] ca] c
oo ) 30T Ak v (s B G L tendk S hrotth fﬁom%eKse%%Si/%%aéé
L10%& () - SW&O%J@AMU\@Q RO ok ARG e MO G dosoh IVBEIAC) -~ 10%
g& () - 10%9& ()-10%& ()->< G K-s810%g& ()- . 37810%g& ()-5"10%& ()-L
10%9& () -s-! 1098 Qmodifisgigne: thanggantcugRityron xsm@smgm ip yhe f@egoing
(]:'2(\)/ ‘ﬁ f‘* g% 0/2 éloo{?_{.lé_élésllrc and 3% &nfe) ininc &, Qohé rdabart 09RO 498841 H2AE ‘%na(y)be
10%& () - 10tyz&mpley;emafnﬁm(t)&cmm;@5ncmgsze ADSEE fedrurO YAt drlingll diE 10% & (- 10%
Z&
losed () 5+ 10PREPrRteghal BezRP ed slptte copsirasditodly ey ipRAMRBFOREISteRh,

10z with the scope of the embodiments disclosed herein.
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10z: 10%& ()- &8F10%& ()- &Y7 10%& () - &5f

10%& ()-4! 109 & ()-*undEYNCLO% & 10%& ()-3 F10%& ()-y10%& ()- 21 FEB 2003
1092 & ()- @10%& ()-', 10%& ()-'v! ndEYNCL0%& y10%& ()-

"10%& ()-S10%& ()-10%& ()- Y10%& ()-s10%& ()- nABJEYNCL0% &

+"109%2& ()-* 10%& ()-(10%& ()-&10% & ()- YIr10%& () - #10%& ()-Bk Z
dEYNC10% & 9S5

1092& ()-3 110%& ()-&210% & () - &s010% & ()-.10% & ()-L-y10%& ()- Y
"b@O0%! 1F" 10% u”u& ()-"' ml0% u& ()- 10z 10z 10z&Y:

109 & ()-9810%& ()-96210%¢& ()-""#[ $G0&M WU3b@ F" 10%Iu& ()-"! pF" 109%& ()-"

I .

F" 10% - & O-"T\VF"10%uu& ()-"!'1F"10%-& ()-"!'I F"10% WM ()-"mu' (g) k*o*p*qg*
r*z[ PE:! 10-u 10-u 10-u: 10%u& ()-!'~I+"109% ()- !pl+"10%u& ()-
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a plurality of beveled vias disposed in said substrate and extending between the
first and second surfaces thereof, each of said vias having a first opening of a first width
in the first surface, and a second opening of a second width in the second surface, the
second width being greater than the first width, each of said vias being sloped away
from said first surface at an angle within the range of about 20° to about 80°;

a plurality of conductive plugs, each of said plugs being disposed in one of said
vias and terminating in a first plug surface, said plug comprising a first material;

a plurality of solder balls, each of said solder balls being disposed on the first
surface of one of said plugs and comprising a second material having a lower higher
shear strength than said first material,

an integrated circuit disposed on said first surface of said substrate; and

a printed circuit board disposed on a second surface of said substrate, said
printed circuit board being connected to said second surface, by way of said plurality of
solder balls, across a space bounded on a first side by said printed circuit board and

bounded on a second side by said second surface.

2, The package of claim 1, wherein said first material comprises a material selected.

from the group consisting of nickel, copper and high temperature tin-lead solders.

3. The package of claim 2, wherein said first material is a high temperature tin-lead

solder and said second material is a eutectic tin-lead solder.
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4. The package of claim 2, wherein said first material is copper and said second

material is a tin-lead solder.

5. The package of claim 2, wherein said second material comprises a tin-lead solder

and said first material comprises nickel.

6. The package of claim 2, further comprising a coating disposed between said plug
and said solder ball, said coating comprising a material selected from the group

consisting of gold, palladium and nickel.

7. The package of claim 1, wherein said substrate comprises a polymeric dielectric
material.

8. The package of claim 1, wherein said substrate comprises a polyimide.

0. The package of claim 1, wherein said substrate comprises a polyester.

10.  The package of claim 1, wherein said substrate has a conductive layer disposed

on said first surface.

11.  The package of claim 10, wherein said substrate and said conductive layer form

a flexible circuit.

12.  The package of claim 10, wherein said integrated circuit is mounted on said

conductive layer.

13.  The package of claim 10, wherein said conductive layer comprises copper.
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15.  The package of claim 10, wherein said conductive layer comprises gold-plated

copper.

16. The package of claim 1, wherein said substrate has a thickness within the range

of about 0.5 mils to about 5.0 mils.

17. The package of claim 1, wherein said plug also terminates in a second surface

which is in contact with said conductive layer.

18. The package of claim 2, wherein the integrated circuit has a surface area

substantially the same size as the first surface area.

19, The package of claim 1, wherein each of said vias being sloped away from said

first surface at an angle within the range of about 20° to about 80°.

20.  The package of claim 1, wherein each of said vias being sloped away from said

first surface at an angle within the range cf about 20° to abcut 45°.

21.  The package of claim 1, wherein said first plug surface is disposed between said

first and second openings of the via.

23.  Thepackage of claim 1, wherein the first opening is circular.

24,  The package of claim 23, wherein the first opening has a diameter within the
range of about 0.05 mm to about 0.5 mm.
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second width being greater than the first width, each of said vias being sloped away

from said first surface at an angle within the range of about 20° to about 45°,

a plurality of conductive plugs, each of said plugs being disposed in one of said
vias and terminating in a first plug surface which is in contact with said conductive layer
and a second plug surface which is disposed between the first and second surface of the
via in which it is disposed, said plug comprising a first material selected from the group
consisting of nickel, copper and high temperature tin-lead solders;

a plurality of solder balls, each of said solder balls being disposed on the second
plug surface of one of said plugs;

an integrated circuit disposed on said first surface of said substrate; and

a printed circuit board disposed on a second surface of said substrate, said
printed circuit board being connected to said second surface, by way of said plurality of
solder balls, across a space bounded on a first side by said printed circuit board and

bounded on a second side by said second surface.
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