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-1- SUBSTRATES | NCLUDI NG | NNOVATI VE SOLDER BALL PAD
STRUCTURE CROSS- REFERENCE TO RELATED APPLI CATI ON

[0001] This is a new application filed under Section
26(6) of the Singapore Patents 5 Act claimng the
earlier filing date of Appl i"dation No. 200206003- 6

filed on 3 Cctober 2002. BACKGROUND OF THE | NVENTI ON

[ GABYTRA BES INELYBENGANSGIV ARV ETROL PERSBALL iPAeBTRUGTURE
rel ates generally to the nounting and connecting of
electronic g

z [ cul
apparatus a Risimiicisioans gﬁd@o&é&ﬁé&gﬁ sol der

bal joopad $his l1|§£ HER a 1c§t1§1¥'ﬁ&ﬁﬁﬁh@r SU4GHn 886 PhE @ﬁr%qlzore Patents
circuit board ("P or a sem conductor die.

Actsizimengothe eqrdiepiting d!a’ce phapplasiting Noe A0296001-6 éiﬂ@bctrr b@p’mber 2002.
equi pnent that is smaller, lighter, and nore conpact
has resulted in a concom tant demand for sem conductor
packages that haygCRORAENDIVE THRSNVENITIONING i ng ar eas
or "footprints." 15 [0003] One response to this demand
hasl08@Hn Fisld efdhainsentiont The prepent oeatiin reldtes ‘genergilyda ths mounting
{ 1.cond
andﬁmé%q{lggf Q%@%@gcesa%%h%?&%eagcpga?l& tro ea 8“15 an Iﬁ%tgods providing
an m@d&teﬂ@bﬂdeﬂaaﬂqiaﬂ 3pseurcivhp sGesiaRautIONs a privited' &¥éuit board (“PCB”) or a
od, the technique involves formng balls of a
Semg petps die net al, e.g., solder or gold, on
ut C : :
| WIS Bl o GAREC i R0 kR SR B 6 ol
smalbsllrghte?,@md owne ccmnpjaclf ]nasfrd:stu]/tbd]@ a doheaormtnmd dathanddobhdiconductor

i t he erreltl p01 , to fuse them
pacifis e BEY &H%%l S abd Pgin BisEcks i ORipBEE at o
[ 00@6113]An ohb %sp&%@ ROMEIchRd RESHkeh HR dOUSHARTB e QD-cAlled
so-cal l'ed ball grid array ("BGA") sem conduct or
“ﬂlpacbipé’g@eﬂnddaaf aﬁsqlumeat@drmumcgbn ehstmadadnetbrdlipsyo substrates.

connect arr bstr at.e,
soffRRabRet S i 0SSRl Beal L LRinCsngiioRa o (e, me
techl@tEihvelaésd Brmidf balls ¢t aﬂ?@hdﬂ&ﬁv@ﬁﬁﬁl B Soldef &' goﬂij oh thp§output
the "C5" nmethod that is anal ogous ‘to the fli p- chi
conpgetinppadgiens the japiie sutfasecot sy chifp dieni lﬁ‘g?ﬂa‘r&;i og ofhmczng tﬁg chip upside
doh %ﬁg “le?lggl?rl i &%ﬁ{ﬂc’cﬁzh %al%4 gdl'?ea 1 th ﬁfkag? ing point, to fuse them
connec th ag ura of

to mﬂeetmndhglcbﬁndcﬁoxapddaohedultmafeespect i ve sol der bal |
m)untl ng | ands, or pads, defined on a surface of the

di el09p4] nﬁélpﬁkss@ﬁpog%%%rbswheﬁﬁéel%n% et psa-ralled bl Bwd)
DY ey B0 GRBD Al HORR ts o
assofiatad carelnt :mbstthllc‘, teqy, adirmfedmircait beawd (PCBTHSkith a plutaliey of solder balls

i G888 buBR R R s e dainlpir sl & e ip method
degeats&%%lvm nfSURAE BRI @nhédingddRE. Tl exible sheet
materi a

[0005] In both the C4 die and C5 package mounting and connection methods, a

plurality of solder balls is attached to respective solder ball mounting lands, or pads, defined on a
surface of the die or interposer substrate. The solder ball mounting pad may be defined by an
opening in an insulative layer or mask called a “passivation layer” in the case of a
semiconductor die, or a “solder mask” in the case of an interposer substrate of a BGA package,

as described below. The interposer substrate in a BGA package may comprise a rigid or flexible

sheet material.
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-2- [0006] In a solder-nmask-defined ("SMD') sol der

bal | pad, an aperture forned in the nmask over a

term nal pad defines the solder ball pad nounting

area. Typically, the termnal pad conprises a |ayer

of netal, e.g., copper, al urti2rium gol d, silver,

nickel, tin, platinum or a nultilayer conbination of

t hd0@G6dr elmersoldened skvé¢feei ﬁlS@\/IDh)estoldeabalblmdnad aritn@tfedned in the

ma e At B R R O RPE P oy Ry e terminal pad

corﬁ;ﬁi@m 1848 Df mefalre ) %ppé?neﬁurﬁfnuﬁp %&dcélfv&u hickdlr tﬁ? %ﬁauﬂﬁ}ﬂ ora
fornmed sinul'taneously e term nal ds usi ng

mulltlhag/ersmnpﬂtlgg @gglg gforq:rne@@ded m@l]quala that basdgen lammated and/or plated on

o s s S o G Wl Pt R Fien B ppianes
Furtheg osél bﬁﬂhbﬁtoﬂc@lhﬁﬁies ma) 80 fdrmd S dRhediBI§KvithSthé R@fiinal pads using
fornmed over the nmetal term nal pad and nay conpri se an

the sameprogespes. & additinm, 9p¥¢reééhrsuﬁsh¢1e, celed T idT may plse by formed and

ated or
maf e e SRS W nd Pl IR R b I et an
ape[ﬂO(W] e ASofdef sk i theh fiemzaloslar thm&iﬁl fefmingfad and ﬁ1fay comprise an
ortion of term nal pad, but not. any partion o
acrﬁ é)remo}mwﬁ n??étle%élﬁ%twe@m SROYY resin té%ﬂlﬂ@lk gEeNedypjn-coated or
apph€d & ﬁi@ﬂ)ﬂqe& Bin?bn fh% gh&g € aAhepahials Batkdah /R sB %?mask to
exposed; however, er mask prevents the sol
expofe 4 pratigodiibe tetrainlal Iﬁadobut albt anyhportgpntod tlaem)arrpmchmgnsmbstfate surface A

h ermnal 15 pad_.other than th untln area
solfed Bl S b P B £ R P S B SRRBG ovever the
solddr Bdhsk §revérﬁ§ @it kSldert oF tidSsofifdr BYPréM @ﬁa&ﬁng&@ lafiporlidh bf the terminal
mounti ng pad. [0008] Conparatively,
padrishes dhaethe wauKingefdarthal iy exReND through tl!le apdsbiré. Farthe axposed area is

%Rﬁl 1 ar manner, t he exception

ref to e’ si zéﬁggf¥£§r%%éw‘u ggfﬁdthe sol der mask. In
p ar H)008]| aComp¥itieay, layhonsdider MV de sk X NSNES’) bdl@erayatl lrﬁ(ﬁmtmg pad
term nal pad, at least a portion 20 of the surface of

may he e it mini ghmanncs (e exsetqoarbsmg;;he dzeydithq apsrtere ighe solder
maQ?J Iﬁ%e ey ufel Eﬁ’tﬂ%‘ﬂh tﬁ@f@Mﬁ# Qe%tﬂ# &%re{@hﬁlgﬁ LP‘Q'&?' 4 Rlasta portion

can at re s
of tha slurfEeB opthe sebbstratershéet amd, opﬂlcdfallﬁ,tarﬂoatﬁxm affantahacdne blmlmaface such

osed. Typi aIIy ci rcul ar-shape ) .
taf BF oy S@éﬂ% o} e saldetonlloap fttesh e ity Pipoezad pssigheral vertica
sidS XRRRE Hf he tédMiddPMd B dpbsdaatiypaBunt iche1Reda ped termmal ad and a

arrangenment. The connection area of both the
porging oNSNBuityraee stelediprsed i dn IMSBX sohdgr pdhlmowaylglpad 215angement The

ot dibe R SV0-ppR U5l SN HE R Re R Gru R e gpay be

codtEwER A MRREIHRANENEN 2861d 1dyer {MRare MeakbiRE/ o|f sd&laéfrthére&h

pads have sone advantages as wel | as di sadvant ages
assUOPRk e&agh eitihe sonvpwmnal SMDya ey NSMDhwsldsnbrlbobuiing pads have
r t od "end-of -line"
sor?lé‘!}%v.a?ﬁg?s ¥ 'P])‘]eel‘aeal gé S%?Vsd{j{] gésaasgrﬁcga(t)énadﬁl g r package

f abféoaa} i Murding1e)thdSMD sdhdeaball g&, &padiides bél@tﬂﬂé@egobbéend of-line”
30 sol der mask overl aps theﬁgerl pheral edge of th

(g Hersas opihe Sm&m%ioé PRaghiabrsayes Ene)hial ahe@équmaﬁge because the
solﬁeﬁngsﬁloqgr?apg ald pe 'eﬂge QQH? %ﬂgma r %)ﬁﬁﬁte t§ ﬁi%'e§f)(§‘sed area

rippl ng the ‘term na
defining the solder ball mounting pad and therefore re51sts ripping of the terminal pad from the

substrate when mechanical forces act on the solder ball attached thereto. In contrast, the NSMD
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substrate when nechani cal forces act on the sol der

bal |l attached thereto. In contrast, the NSMD - 3-

sol der ball pad has a relatively |lower end-of-life

shear resistance because the _sol der nask does not

cover the peripheral edge of 3the NSMD ter ni nal pad.

[0011] The SMD sol der ball pad also affords relatively
soldgebatllaladdmm rabdtively lower dndtodlidé shiearrpdistpomibecane hif selder mask does

sold baII n th of . the .substrate than does
Dot gove Bg‘?ﬁg%tmﬂ?ia Pads because t he

| atjgoml pre'SMbeo%r bA1EpaRial deffoRRIrélatBr]y hrgieBedntb! itRe
may be affected by two factors: 1) the position on
latetalhéx mlﬁpapéﬂ@fsolﬁhrebaélémtthwmfag‘f ofit @Slé)@@?tﬁ thaa dpes anieSMD solder

ball: %%id%str{mbse aus the 1% {8fal Hoesrltgon oaflth so Qal § ht%e {rgtlérmeay be affected
eracts (e g or el'ec ros

by ﬂmtf@cft&@t $) tthpb;htlérh@l ths ehisbahtelddtie, ceidd af thé Bﬁerﬁ@éintth@iblder mask,
of the centroid of the area of the netal pad | ay

if thewgﬁlcalswkﬁefdh@epeﬂﬁgﬁ intsEacts e s fRychaes, @chfagtktwaﬂy @teracttﬁewnh the

e foflt I
R
by tha ob@ﬁﬂg unmlsd mmskesc thierea enetted bythe gicdten tsgldﬁfoftﬁ&sohl@f ot when the

g @t&eﬁ? b Tt llack b s & eég%ﬁ{/gfe gyt of the solder ball

tend &t Wlifn itseWRRBr &R oEBREWO tpQhive D& BRR i B LHRRSy g?ﬁl As aresult,
coincide wth the centroi d of the exposed area

wherptha tenm@lqoddhamtrmtealwemtl cotncidaatith tbé cantreidagidne empesed area of the

molrgree g5 (e yereeSH i oiBe e R S go e valer bl

the@@rﬂé@ﬂg?ﬁi"it lo¥ tHaabfdeMBatl rﬁéy%b%)o@ltﬂoh&ﬁa foxehieRHallGvay along a line
bet ween thg two centroids ince in pé)n SMVD ]salgil der ybaI Ig

exteraking beswegndhe tircecentoidpeSiges inan SMia skldengsbied therapgrtygaén the solder
maéka%/ gﬁsegg)é@l padtigrgf%r Het tal, 4 dc%ngﬁsﬁtol? ﬁle%gg rg tar?d é‘x%%ﬁe%xxﬁél% p%d layer

col nci

coiB§i@s. U THu., sloﬂoﬁ@@ th@hpteiira T ste soklet Mmadd i (li)cmeﬁ h\hﬂmrt the periphery of the
erl hery of the netal pad | ayer the | ate

metad pad laygs ctbe lpterplialemness<l theeyMBsplderball W’éi‘é%ﬁémﬂi substantially on the
onal tolerances on
lm%ﬁgﬁ%@g%?g¥LXnggoﬁgﬁgﬁé@%grghwggéf%%12] However, the
sha@e12ff toeekSMbeshipgef theal$MpPesdldexpabead dapodeti®y the aperture in
[ t he sal der _.mask includes a ter

aperture | nal
theﬁelfdﬁ Bikidaclydssr tygrine ;Raﬁi PPIGAN 8F WEHas ePqrtion 91% %P ttrace. Further,
theF\}éftIcgﬁ\Rfall ofth€a O;y efubd 1?1§y n¥@bdchPhe doltRr BAE r@&fs@qdéﬁﬁy, 'ﬂl%t centro1d of the
touch the sol . Consequently, the centroid
NSivile solNsVRIlpat der, 0!5 shel expesdd arep of metaf, ig ﬂmﬁqebqbghté}dtomashthe circuit

of t al s,shifte ht | rdth ir ui :
ol OIS Crs phae fe AR SRETBELR on e tgminal pad
pottn! YRh&R e Xeeind fos Bty tHe k1 de£ban Wil beﬁi&&t@ﬁem&&fd{?@ to the
Hence, the center of gravi t{ of the solder ball wil

resnectwﬁ §¢Ittl’0(1)d$é><f thedd DV sodder balt past anriﬁlgqa@@mt race: ehus.ghel bﬂteral
tol%fﬁlllfée’s %{1 #]e%'\éll&(%f) Jb:ﬁfcgn z?‘ﬂ#%l}d?ﬁ%é%p g%ﬁ 8 I’(l;lé}(l) ? e}ld Bétﬁ%?}io%n %‘ﬁ lateral

tolt¥alids 0thdeentbad bf thadpdraiye, Bapasucthe mterﬂneraﬁﬂestdﬁ ¢he centroid of the
|ateral ~tolerances of the centroid of the aperture,

expised BIeighof e el BRRIayera avchin SAYCRIRTcHen Wb Giecpreeniares a circu
tra?% RS %nﬁ@ﬁt%f ey soE%?bﬁPé lstiR 3cur AY ST N?ﬁ/ﬂy\%d if the ce%tbmd of the

reov even wt e presence o
expasad pad iinseduiffirientiytalighed wigh thelcaaroidbad the apettuss, |ahd1 thoe a srertical

n_NSMD pad.if the, ntr f the
suiewaﬁ‘ of the aperglre 1n|teracts with the soﬁlerdba
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exposed pad is not sufficiently aligned with the

centroid of the aperture, and thus a vertica

sidewal | of the aperture interacts with the sol der

ball. -4- [0013] Wile the lateral msalignment of a

sol der ball relative to an dﬁening resulting fromthis
"shift" is relatively small, it should be understood

t hd0013] C4Wnde ﬂtedatetdll mlsahgrmlerﬁf avsnliddr ball sedative dma‘hmienjng resulting

for S T i e Rl et B oo d et -l dior €
Cs5-sbuhre @emﬁﬂﬁ’ddcﬂﬁba@dé%@éaﬂ' tR9Nly htaU@§ ﬁarg%l ﬂLﬂKHer &8 Up to nine hundred,

m sal i gnnents in he array of |3 can
of syefrisoldey ballfsm:lhs méting ﬁurfp@ntand dwe QCCOtda%ml these shm vlsatjenments in

full unted to N 8ss9ci a

e B el SRR ot PR 55 T STR A RAi connotbe
sucbs ol hobMed angh NSdt&heetinpahifageads, the sol der

bal | attached to an NSMD sol der ball pad attaches to

t hd 004t i Aap fgthee cappariserbeveernEMBPyand NMDrseldat badlfpads ghe solder

[
bal]} at?tralgﬂseag% gl?ﬁ?’%}{ﬂe gél?'%g?ﬂ P%]J]ﬁta%hé % Jeﬁ?c gsécZe) Sél{lj[aée (ﬁfn e et‘xposed
metahef theenhinnhspdandudihethaciradhwaots), s zmyc Ttis podnethtpd tHaDthls side
i Stri te séresses resulting fromthernal

fiagttae Eesuling aropgle atashment stracuredielnsiie dxs%tb@ shewes
resﬁlﬁﬁé"ﬁ@rﬂ tﬁ@ﬁa%\%ﬁ%ostﬁﬁtq}% é%?geg dpas cﬁﬂgeg{r% Bk 868 lolstween the

provi an I nproved resistance
NSMQ SQ‘I@I bell pe@&eﬁh@m&derfohlé BB, tho INSMD Inadyl preradk art 1h&>roved
ad i nterf |ch consi .
res§Rnsrth Rl e Y e nRier A e SRn St beledipterigee of
which %oﬁﬂ%ﬂﬁlmg@%lﬁﬁﬂnteﬁﬁcé hewsal tﬁ’@éxp@%d' portﬁ&l%e tl?l'n§n al pad and
Pat ent No 305 to Darveaux et al., as wel
theigplder et ent  No. 5,872,399 to Lee each descrlbes a

oo 0551y B LR RBSE  BEVta

Nopﬁ8i725399116 e, athédseiibies @ sbldweallphd Biedichhre OMoTr@@)emﬁcally, the
substrate is fornmed_ into a term nal pad, the

Dapysaxigtestnce desstibesa NpdRewng S@&i%b@lh@adzseuemwhwy a layer of metal
e
on MRS ISR oF 08 B MGl Mar e phd LR T PGS P
outsuacty thlamfronh é[heepad‘sﬂmaiturp adthapaokea is dxpot] byevdyiodan aperture formed
he s [ ex ed. t heret hrough, and_ an
thf%%ﬁ%g? 646{%&1? Do e gemiin Padyidan 1puer g @fl@é eag of fhie spokes is
ﬂ@&iﬁher-gﬂﬁougheﬁldra%fo%feg B&%oﬁi 8B8&ch QFﬁle% &&E %GJOVQ@? t) fR%ask. The
structure having a term nal etching Rol e as wel I” as ‘&
Le@tefﬁr@ncp tdyscubeseet sofden galhpﬂd@smamrethwngmtmp@ retchimg hofe astveell as a

d t th : .
BB R Sl 8 oD BRI i SBrargpin e
coﬂtmafe@%rds‘é)ldehﬁameSI gn flexibility in the nunber of

circuit traces that nmay be operably positioned to run
bet (0980 t Weother areenti m?&s@é thersiepien Blaxibilify intheengbesoécircuit traces
thatc‘ﬁ? ggﬁ%ﬁg %’Eﬁh&fég td Ituﬁ/%?tzlveglg g&é(lp ?cli] %{:Eaeﬁ{' soﬁ&??é}l{epacds wifh agequate

spszrxgrbeﬁmeh ittoentexded zﬁid&feﬁﬁﬂéﬁ tieansedadahd @ider bals pal] Mos specifically,

e dlfferg ?es in the formati on of SMD
the aforementioned tolerance considerations, as well as the differences in the formation of SMD

and NSMD solder ball pads, must be factored in determining the spacing between circuit traces

and solder ball pads. Of course, dimensional tolerances, as well as parameters required to
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30 and NSMD sol der ball pads, nust be factored in
determ ning the spacing between circuit traces and
sol der ball pads. O course, dinensional t ol erances,

as well as paraneters reqU|r§g to -5- achieve a robust
design, limt the ability to p03|t|on addi ti ona
circuit traces between solder ball pads for a given

achmt d eqbuwadesigp,ddnidé@iagﬂitxpmmhitio{l additidnal eiropitéracesfbetveen solder ball
Qi n f.or fabricating sol der bal
pad; q?ﬁ@%Bgﬁgyﬁﬁ’ §c§§%§? te and resul ting sol der
bal [bomq UNtni vy BRMS forBgdihy, iaMktREfoP PabRedt g kyla&Sballfmounting pads on
conventjonal 5 solder ball pads and elim nate some of
a sybpiEate apdaspiidng spideg balbapourtingdqrads whigh imprevelew bethisimss of conventional
sol(%ﬂ)ﬁi: %lsjma}(mggte-g%e OM%MéS?\!Jt{VQ 9952&&{3%&&%8 8 gesirable.
Inventl on conprises an tUs and” et Rod provi ding
an |nvent|ve sol der baII pad structure and
substrat es, electronlc deV|ce assenblles and systens
10 enpl oyi ng saARIEFSI & OK3 IONt ure of
se r
tnalO1 g CThe #ﬁ?eﬁgﬁé%ﬁgé&ﬁ*@?%ﬁﬁg@%%ﬁ%*ﬁé@@i foREhe an
inveras/k sbldyerall\plad stuatioe andatbsieates) slecteomyc dqymetassembdlés ald systems
e surface.. I n addition,

surroundi subst
empgYing SEpe- SoRkebS PSR e REiepHBYentinp giefugega metal terminal
pad BMES pﬁﬁMl}h&pBé}ﬁ '152% ‘aﬁér@hre # a S9RRE madk ROENIRE &es tnB@expose any
exposed area of the netal termnal pad and onto at
portiemefa ampondm@ pubgtrate lerfacer i adition; demlonalometalheos@ndethe

polfRtinfeFlat P st e BBl ok B, oo Sy S fa of the metal

teriBidal§id aRB Skto at Rht@rpdatdnTithe ve@tﬁbapﬁaévaumadfﬂﬁmwﬂu@ﬁ Hoffhing the
pol ymer interface |ayer may be fornmed onto the

apemrer asurell asgxieoging ontp deesusundiag topihgdronial skifacs of Bygselder mask.
AL S AL EE! A0LFE 6P WA e YR g o

surfcmlhﬂihg tep/ufatd e thosolldsr mmBBKA copier tlayteh@)nqmsfdgtah&le%ﬁdless copper
ver the exposed portion of the term nal pad. N cke

seeg A%yegﬁ well th%\aj} e@etrqg}gatg(b qupgalaw n@y@@tf?@mdzﬁvieh@e selder mask,
t i

o SRRSO S0 P AL Nk gl

be spp‘lled by lebctmdiplathrg tp tIR:s:epperilawewtdnhmcHﬂ}e oetabiitymedohler of the

n. Ide ‘BPS. " [ 0019 The sol der,
resB]311ng p%gﬂl egg ﬁh)?éi sa?lgtg@,ﬂf tl£w t igHertig {) may be termed a
balPp&Vé@1Rr Mﬁﬁl& @It 3Bpsof advantages. First, the lateral
positional tolerance of an attached sol der ball is _ _
| ar 9] ZMQOIépmahladeucme efghepmsent snvgsterinay prpvide a variety
h h k iml
of htsPierrdriRbrt 1-ekal PoalidnBisEies SF Fhuteghed sof bn i ety
detefthidedl 8¢ ﬁld tahBincadshsSeis € Ginhe PRinaliond H1BE Soldwhhedk, BBMlar to the
be attached to the netal termi nal Egd enabl e t he

SMg seleler byl pady dhdditianeHy.tthe ppiéonabintqriaar layst and sibpqazent ragtal layers
whtlal gggé Btlt'e{cﬁed {2) '&lg glean %ﬁ*ﬁtllllfp %a& %ﬁa&% tltﬂé goldx\q'ﬂa(fﬂo attach to the vertical
ance ernmal " stress

urati e en

sid@llsﬁltfaidelmtﬂthe@pentlﬁe irhtbe S@hhhﬁg stradthire Owliiole cdrifignratiéh sy ptch@de enhanced
sol der b pad of the present 30 invention proyid
thermel g Stgmtwge@ thg,sgllef bl copPesbipn ISP, the peldertel 1pad athe present

inVtibn Frovidls #nBAERH 88 face area for solder ball attachment, as well as an indented

surface for attachment which may further strengthen the bond between a solder ball and the

inventive solder ball pad structure.
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surface for attachment which may further strengthen

the bond between a solder ball and the inventive

sol der ball pad structure. -6- [0020] As anot her

advant age, the solder ball pad structure of the

present invention may providé'additional, usabl e

| ateral space on the substrate between adjacent sol der

bal [00H dsAs fmmther iad cutage tthasodder bmldjpaﬂ stafute ¢fithepresent invention

acing, ..Becaus t l.ayered str re abov the
may BB iR R T SR e 20 454 b g% s all pads
for SirduRCRITB UndfcRtuit RfceS Jidi’f%’ Hahilse tﬂé’laﬁ%&ﬁs‘iﬁlcﬂ&e gboﬁfé‘ €he metal
netal pad | ayer area that i s exposed via the sol

termmelioad pa thasubstragehiacrepses thefarqalfer atackghent tf@rrth@ mkler pdh imexgess of

e.h e enabl ona I.ac
the B PR s R e AR AR By Gy e
terrﬂﬁldls‘pad a@aydﬁi‘réd@éd Tia9edablek bddiiorl Siecuiariceyiispicaet thbakmployed
the structure of the present invention has utility

betypenrpdiagend spldercbatlnads @ flgsted| enent s ot her than sol der,
sug
Ac C[Igr %ﬂn gﬁ%ﬁﬁéo%?enﬁ%t&&;@%ﬁé Q(E)u Hré Lﬁgﬁ S&g@% ;(néz%rgtfon has utility with
dlsaﬂﬂ cm&tuchvmlémﬁgs athertthen ssbdepsucd astd@ﬁdlmles 61nntonductor-ﬁlled €pOoXy.
her features and dvanta of th
Aciﬂr 8 Pft (the Pﬁl}%n £9 5%{ h% lippd'his emeplany 3ad Boiipigng phibe soape of the present
inveftdnnary skill in the art through consideration of the
ensui ng descri ption, the acconpanying draw ngs, and
t hel08penBdur &atiressand 28vaBRIgEFOIERSGIREEATINGdItORA WﬁHIEecome apparent to

ook 5l 4y B a b PatieR bR B B b

accbﬁh aﬂmgdraw@@ ah@ theCapp el glafhy. the i nvention: [0024]
1 Ais atop view of a conventional SMD sol der

baII pad; 20 [0025] FIG 1 Bis side cross-sectiona
f > ad ; | A
R : GS

sol [1)023]b ald thp ﬂﬂa.wdlgl@ﬁ/ﬁﬂch Alustrate Blhkaﬁls &mﬁi@ltly con51dered to be the best
crqgss-sectional  view of the NSMD sol der ball pad shown
“mﬂﬁﬁ“FW@PHQQP“b%HWGGQB] FIG 3Ais a top view of an

I SRVl
cr of92Sle c Fi@nd isvidewrasf-satiogaiiviesi ofethd SNliD dolder ball plershown in

FK?@'L pad structure shown in FIG 3A; [0030] FIG 4A
r's‘atop view of an SMD sol der ball pad configuration

whe[oale) t WIG. 2A is a top view of a conventional NSMD solder ball pad;

[0027] FIG. 2B is side cross-sectional view of the NSMD solder ball pad shown in
FIG. 2A;

[0028] FIG. 3A is a top view of an embodiment of the solder ball pad structure of the

present invention;

[0029] FIG. 3B is a side cross-sectional view of an embodiment of the solder ball pad
structure shown in FIG. 3A;

[0030] FIG. 4A is a top view of an SMD solder ball pad configuration wherein two
circuit traces extend between two SMD solder ball mounting pads;

[0031] FIG. 4B is a side cross-sectional view of the SMD solder ball pad configuration
shown in FIG. 4A;
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30 circuit traces extend between two SMD sol der bal

mounti ng pads; [0031] FIG 4B is a side

cross-sectional view of the SMD sol der ball pad

configuration shown in FIG 4A; -7- 100321 FIG 5A a

top view of a sol der ball paJ ‘configuration of the

present invention wherein three circuit traces extend

bet[f&¥x tF/J@ §6| adep viga 9f arpoldat ballpad adsfigdra®a31 the| p@&sestBnvention

ona e sol der .ball pad

whisSn sl OF i 8S RER O e WP b PR .

5A; [0531{] 00BH. 5Bli&a sié\cioSs-gectigfhl VieaVsf@ile saeNSDRodguration of

ball pad configurati on wherein two circuit traces

the preseh NVSBENSBAVA {EIGSIHD: sol der bal | nounting pads;

10 Fl n

@%& d@rG %ﬁl §tc§ \ﬁé\g gﬁ | gulr%lli?gog{i]érg) ﬁlkn&/ &o%\ﬁgﬁllél&gﬁherem two

circuld @36&ds ekle®bethbert iWcDNSMD?éold?dﬂ bull tr@ﬁnt\/ﬂngﬁs and

aﬁﬂﬁﬁﬁated si de cross secti.onal . views of different

Yent$- 6P 18 paidp Froserretionn) digh ofihe H@M@?z@ der gl p

& R;q enpl ary process flow for formng
Cont e s§r %gr I]ba %gd structure of the present

i NVi@A36]onFIG3s. g throngin dU shaw eppddwyed associteliatle chasy-sectional views

0381 F 9.d cts IacenEnt of a nonconductive
Of%% rﬁmnqoﬁ%‘i"fsa‘gg}l‘q AR NC98: o1 dance with ;J heI '
pre®est] | ANERIACKG 8BddpRY @éxﬂp@?r Pﬂ&@sstﬂm%g h)rﬂﬂ% the solder ball

depict a first exenplary proces ow for formngt
padssugiare Qféhq prp@at @wnli@n ysing @fcomch@tlm pdpner mﬁqxfmlam,

usi t | at rface )
{ooBI8tE B B RSuBn Fon Bty S Rl et layer i
epﬂamﬂ\am}ythe@magmfehmfor form ng t he sol der ball pad
structure of th g@esent i nvention using an

el el003Y eEKFS;: 1 Aat ugh W12 derieten firahexemplapoproeesaflpwtor forming the

BT 5, U UL ) N Ak

b as[0940]o r FIG% r‘mArthﬁ)ﬂgh W D depibien fet@slasbmplanepbtass flow lf& forming
not way to limt the scope .thereof, FIG 1A

the éo]flsrpbqyll ;@g\,sgﬁdctlge BSﬂFupﬁe@fm‘é?n%‘h%?ﬁ @qu{%ﬂtrog@{l)y plated 1nterface layer.
substrate 10 having a sol der-mask-defined ("SMD")
sol der ball nounting pad 28 fornmed thereon. FIG 1B is
a cross-sect DHIMNILEDIWESCRIPIGRNAQE THFINMVHN BRI

sub and ntin ad. 28 along th

B T R R oM GBSl Bt e it stileg basis for
corfpA1R6E tvith 2heHfreRht InOGHbAL dnﬁ%of%taﬁgl 'w%lly to ﬁl‘ﬁﬁrﬁh@&ope thereof, FIG. 1A is

bismaleinide triazine, flexible i mde | ' mor

a tqpayiew of p pertigh a&a conyentidng} %MDt @bﬁrat@ls(r having a t@idesmarslcdﬂﬁned

” ub
( ngilg rﬁ%L(fgﬁ b ﬁ%xoun% ’patti ng dmgd e?c()tnr I;BOIB gtc?[ogf gr@lﬁngl View

lookitii 1ﬁta|tﬂ1¢/SM@Hﬂlb$tﬁa&Sl (Baﬂdaﬁ@lnuﬁF pﬁ@mahlongethg lineCIBPABlA FIG. 1A. The
al um num_ gol d, silver, nicke tin,
SMD substrate 10 may comprise a sheet 12 of an insulative material, such as bismaleimide

triazine, flexible polyimide film or tape, fiberglass, polyimide tape, ceramic, or silicon, or,
alternatively, the SMD substrate 10 may comprise a semiconductor chip or die. The SMD
substrate 10 typically comprises a layer of metal, e.g., copper, aluminum, gold, silver, nickel, tin,
platinum, or a combination of the foregoing that has been laminated and/or plated on a surface
of the insulative sheet 12, then patterned using known photolithography techniques into a

terminal pad 14, which may include one or more circuit traces 16 (shown by dotted lines)
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30 platinum or a conbination of the foregoing that

has been | am nated and/or plated on a surface of the

i nsul ati ve sheet 12, then patterned using known

phot ol i t hography techniques into a termnal pad 14,

whi ch may incl ude one or moré circuit traces 16 (shomn

by dotted lines) -8- extending therefrom In addition
extandingleerefrang. uhvtadﬂitiaoecstht@jrmat tndcas &4 atplatelitoulglyhele, called a “via”

0 v connect the ferm nal.
rofi 8 iy et o] S iR PTG e P FisRlive
she&heet kd@dviam thogyn in the art. [00421 An insulative

layer in the formof solder mask 20 is formed over the
mat[ﬁi)42] 5 Mgré\dlatwmlemdm g fermeotsoder mask %Shla farmed pher the metal
1aye§ ﬁlngﬁ‘ﬁeﬁe&'ﬁ?ﬁ? Ld RFaPth Sl?ﬁé/ ma gl r?sg élﬁ %c%/h

1as I'coor |v OGN Bpoxy T

polﬁﬁfuﬁﬂ@c of, althiti@Dabe dpaxy rédiethat DSl Sirdevied Sﬂ@ﬁt—coh?ed oﬁ the
f|In1soIder mask may al so be enpl oyed. An erture

mﬂwlve§h$eé 1 Zod drnfilrg prldg anask il be Gmpls ek p08 gpeiture 1915 formed in

e e R T

(shatn mcdogteld bmthncmn B‘IGr eylis attachedh &, ooforhedign, nmdn@&tmg pad A0thus
exposed. .Sin ol der revent s ol der
et S SRRtk SPTSgi e 1ACoh &etseﬂ %b?i‘%&"?qm eﬁtﬁchmg to
anyQortdh& Y t8infiAkl pa@d4 LthePinbe fhetrﬁ@ﬂtlﬁﬁ‘ﬁadm&' 08 adi BRugh
that is exposed through the aperture 19, unt 1 ng
apeprar 198the snquatieg pasld 8tio rederres tg o$ @ ecrldmsaskdieﬁnfrde(n‘ SoMD-type of solder
Mﬂ§ 8W5%3F683§ &%ﬁ bal | nounting pad, as descri bed

H%r illustrati on of conventi onal

p r av43eSInf RFth@uNReEEesn & cof AHAvALl peidtivds i pulfostd6F comparison with
present invention and not in_ any [imtation o
the prrsery dpysatiemandaet in aqy cvyve Hmitaie of &@@%@s@pf acenventional

NSP@%%&IJSEE&E h ﬂsﬁﬁuétﬁ etiil?r[? hhqup %e&"(‘!tf ﬁfG S%G\Vh%gé‘u% G @l}e% melafr to those in

ures Ssim
the BIMD stitAtrated Of i@ riedars Inﬁinbét’feﬂ yimikatl FKB 2iBsis a cross sectlonal view
ross-sectional view | ooki into the NSMD su

looking e thedvpVPrigbyede s Deandanegne Fd 28 alonsihe Sieﬁ@él FineS 115--11B in

FId54h3-4113 in FIG 2A. 20 [00441 As maybe seen from a
conpari son of the two sets of figures, the respective
nould0i4lg [Aaaisay% seendfr@8'a camparifsany)f thetwd aats of fiygures, the respective

o B S B S Bl B L B
apdritees NOMERY MU tHeRBldRAH agdk330. Ah parkibéBs, irdhe N‘S@/Hg %ouh pad 28’ of

(ﬁ;erture 19' exposes the entlre term nal pad al'ong
FIGw. 24 and @8, thecpentifre fl A eeXPQS@F ﬂ@@etlmftemh@al pad m,atqngewéwemmlon of the

tlo C i FCuj
L N R e L
thabthleImolén e6l0ersE theadilleAb41 B4 cah Gvah aid Qfakly td dif ofl F}ttlhd éhtire upper surface
upper .surface of the term pal pad 14, but also to the

of s fqrminal pasketd, Prielsg to éhed\@rtsca}pe@@ erplsidsy supfaee 36nfrheigrminal pad 14
an®@d o ?J a?ﬁpcﬁtqﬁcé} pé ' Rﬁgg tlfe' \re e%l@ﬁ&?l st}(ﬁe suﬁé@er% thaﬁe terminal

vert peri phera sur rm na
pap &4l t}idlsoldehbalsm gteachdsahnd f@#hs atchﬂelil asachment surfade 20 witlhi thedertical
per?;ghte?a side surfacg rzg 2{3 t?le %egnn\{\rnla Sadt 1h4e vertical
[0045] It is conventional in the industry to plate solder ball mounting pads 28 and 28’
with a layer of nickel, followed by a layer of gold, shown in combination in FIGS. 1B and 2B as

solderability enhancement layer 18, to improve the solderability of the pads. Alternatively,
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peri pheral side surface 26 of the term nal pad 14. 30
[00451 It is conventional in the industry to plate
sol der ball nounting pads 28 and 28 wth a |ayer of
ni ckel, followed by a | ayer of gold, shown in
combi nation in FIGS. 1B and 2B as sol derability
enhancenent |ayer 18, to inprove the solderability of
terminel gadsi$4 may be supplied witl nickel/gold tindlewd!] onxildler chdtimppydrenay be treated

lied with. nickel/gold, tin/l ead, i |
to R orideSh P s sp e St e il pi o unt 1 on of
t hejoopdjal PRI, BACRIOB hb& oiep Bd\@de ﬁég-slaét,ionhpxlqé\ﬁbf {ﬁle@f%s

3A and 3B show a top and side cross-sectional view o
substrate HiPwith seldert adltreounting\pad3 Gsaskcordimgisa thie presenttinveytipa dS@éer

rding to th resent i ntion..Sol der mask .20
madCHPOE0 0 oh Gren 8P BN EREM apd Y G iyt PR 12 BN Gerure 23
Intérfaeetaydr3 80y fomad htoaRE&dpER sddace Aréd EiheeBnihayRd 488s Well as

formed onto the exposed surface area of the term na

extenslingionteythewerticalsidewall o Hgiapertuse 23 andhentq ghettprbdrizontal surface of the
' d_ont o e to

IR FRERD e PF LB Il Phci B PNE SRR ot mbgoauen

coppaylayer 38 thenylder sk Otsurface) adtC@ay ben@ihe @b iepokyPfuch he

subsequent copper |ayer to the solder mask 20
HY&QL@aFg%}Wérﬂa e ofigypitiakell ospis,yprpasalian, ennegticut. Interface
1 . . :
R SRS A AR LRI 80 Lo i
solufpdn areaddnducorolsecraasiesaibeday atoré detaibtelow. Woipper 1ayer 48 is

el ectrol ess plati soJ utjon.or a conductive polyner,
forfed it b ERuRPPoHOY a5 HEl 2 1B RO cpresely b ot along the
hor AR HoraYE bf thB Erflalpdird 1 RADnfblth8Sid¥RAl ofifie sl nia€ 80 defining

| ayer 38, if present, thus extending along the

apdiiord 226 andialsponto therhooizontildon sxfacnaf thp seldetmask 800G opper kayer 48 may

cosb T leafuls G R B ohe T TSt H1° 5 oo aeed gt 2P Btoved by an
eleStedpl@éd E6pplr 1d%br oARPBE ofhedAke FENEPYs knoRMRA tRQrtdFurther, nickel and
el ectrol ess copper seed Ia&gf whi ch may be the

golddaysrs seltectivgheshozg)asseldprg paggemest layarrlg qu)raxlzgﬂy, may be applied
to ?lg g@;g{e{ 1.2@%54{% tﬁ (rgrrﬂq%%? %’Ee e&tgﬁlgw té g?lfggrlro r%g'ul KON

4y e : ting mounting pad surface.

Nidel {sestd to@ravesidiffasiasooppie t@thclsbldyr illiiancaRBland gylats used for
é8 for clarity, may be applied to the copper |ayer 48
solfley vesifabilite T apbiohal patertacs laysr 3% caper e Heandeselderabiliy
' : ' | 0 prevent
enlglﬁfig %ésI? gaar@ 12?8 %g%%%%%{ng ?ltg %Ae\kogég]@ g gllrl B%&Jaﬂ%?&r?‘g d surface and
gol 0043] uBedafsethe istetfekerlayee 8 abivell hythe Toprer lagat48ame Isolderability

interface | r 38, .copper |ayer 48 sol derabj ljty.
enlhe ot 1Y 2yeio thef EhGStane henifrr Lot Bt derk dodeiting
ap&afle bRYRT 0vRP onth AR ker BRERU D s818& rhark 20 f ﬁ&fpﬂo%ﬂ@ b 16 Per@8rface area
wel | as the copper |ayer 48 and solderability

thaarthedreethehwould pe expoged biuapettoret 196 p typicad S¥Idtype soldeball pad, the

. sidewal |, of s0l.d na defining 25 aperture. 23.an

s LR P AT Bl ALY DR SRR st

anPhei £ tadh g @ finSilHoh &R afth @t istdaas tb Bivah SMD Rifunting pad area,
woul d be exposed by aperture 19 in a typical SND-type

thestemmaiapl nadl fpyaed fomethe sieiad layer dappsitadain thasiripee of thainspigive
sh@f g.? gr{ély%@ \shaP@9ha the febHfnG1 % 402 1A SRS 8 REMD L& Hid6SRon.
Reducing the size of terminal pad 41 may allow for more lateral space between adjacent

terminal pads to become available on the surface of insulative sheet 12. By way of example
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anot her way, to achieve a final bonding area that is

equal to a given SMD nounting pad area, the term na

pad 41 formed fromthe netal |ayer deposited on the

surface of the insulative 30 sheet 12 may be snall er

than the termnal pad 14 of - §h-SMD or NSMD

configuration. Reducing the size of term nal pad 41
onlyraylded bativpall teyensl @ay ethiied diapere obablowe®ss miljimeRBior larger and a

a;gégknal ?gﬁ to becone avail able on the surface of
tot & ficd 8t EEEY-02 quaggmijiigeters OB @A e - 10- only,

solde4s baMord%@f’r 1RY¥6Nb R STRYF ifsith ik &3&'&?@{&& P48, and

about 33 mllineters or |arger andla to urface
soldgrabality Enlmpowmend]a@ér ISoquay enmprisk ik metlétnde of cogfigattéms. For instance,
cch B02Eht B ERYELIn 85! L3ty b berics. vor

parfi@¥RTly, 48 iftBface Wf 3 §§1a§‘ ofily bk 'dblb&ﬁe@f)ve? ARfsbRIF RhdkOIS or over
For instance, each |ayer may formed in selectéd

selegted ortions pipe @QléersmﬂSH ép thaiChOItibﬂ @nhsglu@tntdam therett, iSiwilarly, the

C the in fac r 3
cop}@ifeer PR SRy b i 56 iy B ol i idbee R
arrgp@érhérd91ss Wil tIetheMhdile afdraakntded Ryas @&ﬁgninli“g?the BPS solder ball pad
subsequent | ayers thereto. Simlarl

strucimay)| be digppraie prgay tha ar¢ ngt ceﬁm&we%wm@nnmwér Tlllg;, vfrawéve desired

L T L ——
enhamdedent tegiohs mayl id Gorabinatixny f(mnl’l’hg/sdkterﬂjﬂﬁp aﬁlﬁneerﬂdfrﬁ &@/er 18. Also,

are not, co ous or con uous._ Thus,

eac{i Eaé' g got reguiped,t ?ni’% g‘ﬁéi’“&? &ze %%E?rq%@@ﬁ divs nsfeage, f@rsﬁf/dﬁﬁélhty
enh@RRARNt 1aPHAR - extenll SWoIRe v EEA ElﬁE &f e Icgﬁfeﬁﬁz'%ﬂ 4&8\,’ or may extend

enhancenent regi ons may, In conbination t he
latesai]ydémabhct $Ltbytr@cn hufacebesond kilyee thel®ppehllayer 48 amiddr ihtanfare layer 38.

d t,0 be the.s 2,88 t her. er

For (004t SRR 00 S G albP T ey St b iy BPg subsrate
inchidy B¥RSE MG@”WI%'W s FRBImabdis 86m HRE QI hpdnaseitable and

48, or_may ext end 15 Iaterally al ong the substrate

eXW%é@Xﬁ%@@ﬁda@eﬁh@t 1?— matesialsfer a BRY sybstate snvdifdemolyimide layers or
ﬁbérp E&éfagﬁ%ﬂiﬁ}\(ﬁ/r from Ube (%fg;nﬁf‘gd g{))%le g]al%gg'a?ro% Mlppon Steel

i nsulati ve sheet

Chémhslt(tcall,@d , Jap&l, ueteK BPGBRA ™ m/ﬂmwﬁl@nﬁnerﬁai}%avaﬂable from
naterlals fron1H|tach| Co., Japan. Suitable

E.lenpast a¢ Yempws Company a1 wak py Eolmaréﬂuomeﬂmé@r@r(PEFE) fist a liquid
cwﬁ%ﬁﬁ%xq_tﬁsﬂﬁiﬁlg %fsb"dg 'ﬁ?t%g Ibl%ﬁ'tt {;ﬂle gg'n{ t%ggec[ Sejsgfgg(}] flér? f reﬁco%ﬁi?a@ses not

onlFSREINEX perting strunanreiup p tayerSifardter2() spipertedar arfother ktiwttyre.

el T A LA LS

Ta¥¥efal J a%ﬁn Red Kefbleabt é@ﬁlﬁ@&ﬂmf %Vzﬁlaﬁlp-ﬁlxza@nalsaéﬁga‘tﬁe rcleé ) forming

crystal polyner. It should al'so be noted that t term
soldgrieasks 2(for asigil BRY mbﬁtrzémcéh}ﬁét,sf’eESEﬂoand Rﬂlﬂs@O@FLX from Taiyo,

e I NN SCAT (T

use%dﬂSﬂ&ubl@lBP:SWstxfafe@m Tai yo, Japan, and DSR2200 from
25 Tanura, Japan, are exanples of comercially
aval008Hl e Fiait4e shetws anonyentipeal S34D gehstrite 1) spnfigugation having two

soli\%@%? rnggri][lg ﬁ%@g 88%&@&# 14 BrFe)sS 19Q' H&S ned %y mde@‘e&f?s illj(FIG. 4B) of

solder mask 20 that expose solder ball mountmg pads 28 of the terminal pads 14 formed on the

insulative sheet 12, respectively. The distance between terminal pads 14 as well as tolerances in
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Japan and CFP 1122 and CFP 1123 from Sum |lite, Japan,

are exenplary materials suitable for use with

flexi ble BPS substrates. [0051] FIG 4A shows a

conventional SMD substrate 1§I‘) configuration having two

30 sol der ball rnounting pads bs, formed by apertures

19 defined by sidewalls 21 (FIG 4B) of sol der mask
posizionitng die tempod@aés)l dmay msmnuh@lyrinﬂmﬂycmndgm@antaff spewe in which to

i ns Iat e sh
pos}igh Sl BRiRed o TRl dPmetsh Pl S EE oo 25 he
spadiBg betwSerl t9dces SM&RIS3 M 18 detéﬁmn&pﬁblhla%hfwr @Mnhﬁégn TRl distance
pads 14 may substantially influence the amount of

bet‘giﬁa@ée sentepheidhe eamingloeads il drieransd fsddenpell ppdipideh, "3be toinal pad
d1ar§gtele ﬁ{e cggﬂwmyg ﬁ%ﬁg@%@ggg ngl?rg)fr 5@‘:%38‘%‘:21%?“ B%cge tﬁg lateﬁle(‘olerance

in fmﬁb@mrﬂﬁctmrttaa@ sand BRendi k3@l pads e} el dshige ot BzﬂBpad
of the term nal pads 14, terned "sol der ball

pad
designl pnay lvﬂ@n%ﬂlﬁmswn%@a@new bgnaffqaded f?ﬁ@am gk qopductive
tracte%]?(? %dt ﬁ it lfélgé ththd t@ﬁmﬂﬂ'ﬂﬂﬂ 14)(§n e lﬂg ﬁa{l{/é/ Shekd BC G5 addétéon, it is
at’er al erance orm ng con uctlve traces
conanch 2 therichet éncmnaﬂlt tpbelsqualto tmspaahg betsveththe smatader

a0 P B3P0 B = SR Feoraction Cisitiaby QUD| Rhtite Geshown in

FICRA4, B2 i) 1ﬁ<§h<ﬁh% %eyla&ﬂ@@fats%[da Bal 2P@8ebdnaf FIASIA) attached to
|nsu ati ve shee I'n a dltlon It 1s conmmon for

the {éfehandape@inting p&dw%?s sTlte distarise dé:qtyeﬂenta@ertmml spht4 angl conductive
the tr s.. 10.100521 FJ.G 4B.sho . si de

a0 RO s ST i FOBRE Fsor s ) T o Tuhfi 13,md amother
terrmingd paﬂ/-M iDsHowal. For b4ze bﬂﬂ‘l‘uﬁlﬁi’u@ﬁ teae8 0Pl Wit a8@kSIRE widths are

bal | not shown in FIG 4A) attached to the
takﬁre'@tbﬁﬁa Winthe sgmpaBistagce difiee siaging hetween pEageeagd agother trace or

V .

atr @e; Ag{g% &g p&%‘;]ogggglﬁ V@%;érSIéig%éﬁaé]zﬂaﬁ%Snfg’éﬁtPog@%&IBe determined by
thedoliwitiag dssgenttukce 32 and another terminal pad 14 is

shown. For ease of illustration, trace or line w dths

and space widths are 15 taken to be substantially the

same. Distance d, the spacing _bgt ja trace and

anot her trace or a tgace i _a ““erminal pad for

SMD-type sol der ball pad configdfations, may be

determined by the follow ng design rule: Sp;,t -Pd,o

-2Tol dSMD N 20 Equation 1 Were: dSMD is the

spaci ng between a trace andgp@fiher trace or a trace

and a termnal pad. 25 Spltch is the sol der ball pad

pitch, or distance between the centers of the two

padgmePdia is the termnal pad dianeter.

dsmp is the spacing between a trace and another trace or a trace and a terminal pad.
Spitch 18 the solder ball pad pitch, or distance between the centers of the two pads.
Pgia 18 the terminal pad diameter.

Tol is the soldermask positional tolerance.

N is the number of spaces and traces required.

Applying Equation 1 to FIGS. 4A and 4B, with assumed dimensions as follows,

Pdia = 300 mm
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Tol is the soldermask positional tolerance. Nis the
nunber of spaces and traces required. 30 Applying
Equation | to FIGS. 4A and 4B, with assunmed di nensions
as follows, b5pitch = .650 Pdi a-. 300 mm - 12-
Tot=.050mm N = 5 (As can be seen in FIG 4B, the
nunber of spaces "d" is 5 for two circuit traces and
thf%ﬁ=i®ﬁ&nmening spaces bet ween pads assuning equa

5 A R RS o MRt 0B Ot 1 ot ST P S8 Haces

and ORYP Bft @ éniey spacé% |b%eex5?ad%n%s§§1 ngRguaiadp atci}% A0 %asd WRiths)
an

cross-sectional view, respecti vel y,

enbodi nent of the BPS substrate 40 of the present

i nvention. Although n of ge draw ngs are drawn to

scale and are fog, |u;gﬁﬁﬁﬂiLéh_ﬁﬂkngﬁgﬂﬂﬁ|y, t he

si zes of the BPS nnuntlng pads 36, as defined by

apertures 23, respectively, are shown as substantially

equal to the nounting pad 28 size as shown FIG 4A

However, the term nal pads 4bh ®oihe BPS substrghg it traces)
are smaller than the termhal pads 14 of the SND

substrate 10 shown in FIGS. 4A 15 and 4B. Since the

BPS mounting pads 36 are forned onto the top surface
of [08%3]s oCampanatiedly, FOGS. Thaid SB shoav a toptand side dosnssctional view,

respelgf dvege ¢4 Lty ggtﬁme%fﬁﬁ] t%ﬁ $u Istr q% r%r: ﬁtﬁfﬂ tp{)eg ?12/%9%6 2Although none

of tht RwilQ farékﬁﬁWh tfale a6 P I Bi1108trafiofl bliipe$ts nigOMhe Higéd dfehe
traces to be placed between BPS term nal pads 41

BPR{ouRERg Dagly ﬁéeaStdﬁ%n@dw@ﬁrmra%} ropgecsivelynars shavey astshlestantially
T L N

substiste #@ agaadillscthatethe fepinitial paels ilébfthet&M]D SubirgateRs shown in FIGS. 4A
un |ng pads 36 w thout an eduction in ¢circu
ang 3 cRingst the Bheimniipgpas 3?@@%% @?ré? Hedpmepraes &g solder mask 20,

theﬁ oﬁfe? eft@ﬁ’tg b HotQhidice ﬁgﬁlaééljngﬁ Ihf p(ﬁ{dhct%%agﬁrgg, %%gnﬁf 4P Nnstead,

he present I nvent i be acconp I S usi ng
the Eqm]sltn tmmlﬂal padetl hay allsivCfos acﬂdi‘emnabs;ialcmg adadditional conductive traces to

S M O RN TR o TN

solfdH®asRD0 Eﬂﬂﬁp b&Torexhiplh® dﬁfﬂéﬁé@ bfRRkh &f at 18 0. PRES S
i nventi on shown in ES and 5B, with assuned

predirahdy 836 mem 4 erfsoie] gsmé ,soldguolchrehalam usime BPiSemennting padsrAo without

any reduction in circuit trace or spacing width.

[0054] Determining circuit trace spacing of the BPS solder ball pad configuration of
the present invention may be accomplished by using Equation 1, used for SMD solder ball pad
configurations; however, the terminal pad size may be reduced.

[0055] For instance, applying the design rule of Equation 1 to the embodiment of the

present invention shown in FIGS. 5A and 5B, with assumed dimensions as follows,

Spitch = .650 mm
Pgia = .150 mm
Tol = .050 mm
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30 Tot -.050 nun - 13 N =7 (As can be seen in FIG
513, the nunber of spaces "d" is seven for three
circuit traces and four intervening spaces between
pads) .650m . 300mMm 2 .050nn1 dens 7 5 d BPS = 0.057
nm 100561 Accordingly, the p ¥sent invention may
enabl e an i ncreased nunber of traces to be placed
bethedrn{Als wen bodede in A1, SBpthd sumbertdf epgees$Eris savaw émtthireicircuit
since. the spacing si d may. . 10 remai n substantially
trac A WP ST P B BTHEST B 1 ed for conventi onal
bond pads having a smaller nunber of traces
t herebetween. Alternatively, additional space may be
used to provi de ,addi-65@mad—.BeAmemal2 -dl58@amance bet ween
the sanme nunber %ﬂ*f?aces; thus~increased yield may
result. [00571 For exanple, enploying the BPS sol der
bal | configuration of the present invention wherein
two traces extend between tM@ gilder bal | pads, the
spacing may be 15 det efrisied035™ ! | ows: 5pitch =
.650 mMm Pdia = .150 nm Tot =.050 mMmm 20 N =5 (for
two circuit traces and three intervening spaces) .650
m [9685] A eeor @b 8y e RS irfveftiddRPayeddbR8 iftRaseébnumber of traces

[ 00581 Thus, thehgresent i nvention may enable nore
to beplaced betyegatwogeldstbalkrade ehthe pesisend invisation sieggdheipaging size d may
e ' i. LOF.. . i v i .
e Y O R AT SRS SRS e
smalkdnambe ofitrack theesbetvacen wWallternatvdly) additionsl tpdce ame beiuskdto provide
.h relation to the conventiona

S d
additimpl lggrah plegrance beaween g gmemugger @t%Daa%z thys ingpggpdayield may result.
con 1 0 . ;
B L G
inverimsviepen twi teaced Stterekmpogeangwo tsblderdratlipads, tlerspaciag mppbs

det%r?'riinédha%ﬁt)l?orwrgznal pads 14 form ng nounting pads 28'.

Spitch = .650 mm
Pgia=.150 mm
Tol =.050 mm

N =5 (for two circuit traces and three intervening spaces)

650 mm—.150 mm—2-.050 mm
5

dBPS -

d gps = 0.080 mm

[0058] Thus, the present invention may enable more traces to be formed between
solder ball pads of the present invention and/or alternatively, increased spacing between a trace
and another trace or a trace and a terminal pad, as well as in circuit trace width, in relation to the

conventional SMD pad configuration.
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[00601 FIG 6B shows a side cross-sectional view of

the solder ball pad configuration 5 shown in FIG 6A,
but al so including an exanple of a solder ball 24 (not
shown in FIG 6A) attached tf | eft-hand nmounti ng pad
28' . The di stance d between &1 er ni nal pad 14 and
conductive trace 30, conductive trace 30 and

con@0&9li vEIGS: 6Aend 2B shewwebhveatorad NSMD isvtestrated ¢ aviBRin two

ang. a m nal. pad 14 is.shown.. Distance d, the , .
rac Py L R Pt AR G101 P iy e L geposing
the 8fttte Eerin@falhdR|14 PBE terinfaPhRIQ 16 FFRRY MouiRd pads dde trace

width as well as the spacing 10 distance between the

verl00eH| EidéRshpwea side crgpeseactional 1igw ofitlee wldeeball prdiconfiguration

. AN i tion.. in _an NSVD-type rate, i.f.i
shoffB bt gk otttk iy pEAEURAIRT o8 P 0 IS 600
attadheit ta ffehandehovREiig Bad/E8 .t Thedistahd@eMihbecfa taiad Phd W 8ad

for instance, vertical sidewall 21 of aperture 19",
congpgtivetmee b gprdvictivg eadl andeonduetivgdrace 3bmas el maernductive trace 32

. _ On .

ol EPHEAE 1408 prAGREA B ARl 2l o er e v

traceradd 6 idmimshpad) & alet @nmondgludey as the tfacd Wilth sowelessi thdispacing

diseefsraeayoverisg! Do 2 chbahestyre 1€ Rad 8 ereish ikl bl poditon, in

an NERGR PO QIRAMELs Dbt 1BF the JLi@HRIAR q}?@catp%reieafﬁl:e 83¢nce
Spitch'is the solder ball pad prtch, o stance

betiyeeneeatticahsidewall efran apérturbdot metaradearticahgidewalt 2ldefapersure 19', and
the apgrture.djanmeter. Tol is the sol dermask

theﬁsgff%is’giﬁg#ﬁ pg %éfl"cgn L nstgacerconduptiye tfarcﬁg cl earance, to
enspanel ]t hBistdnee dsol theINSMBkokeMSlIHat RenfiguddRn shbwSintNES. 6A
nunber of traces required and interveni ng spaces

andyd},waanbe drserpdncy byriberfadlowstg designsde. [ 00621 For
exanpl e, applying Equation 2 to two traces |ying
bet ween two 30 NSMD sol der ball pads, as shown in
FIGS. 6A and 613, the Ssp,aci@grtaﬁ%pemlzermned as
foll ows: -15- SRl =—2650—rmAperttured—a—= .300 mm
Tot =.050 nm5 C=.030nm N = 3 (#%r two traces and one

i nterveni ng space between traces
Equation

Where:

dnsmp is the spacing between a trace and another trace or a trace and a terminal pad.
Spitch 18 the solder ball pad pitch, or distance between the centers of the two pads.
Apertureg;, s the aperture diameter.

Tol is the soldermask positional tolerance.

C is the trace clearance, to ensure that the solder mask covers the trace.

N is the number of traces required and intervening spaces between the total number of

traces.

[0062] For example, applying Equation 2 to two traces lying between two
NSMD solder ball pads, as shown in FIGS. 6A and 6B, the spacing may be determined as

follows:
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.650 Mmm.300 M2 3 .050 mMm 2-.030mm d NSMD = 10
dhSMD = 0. 063 mm 100631 Referring back to FIGS. 5A and
5B, the BPS substrate 40 of the present invention nay
of fer increased spacing dist?gce bet ween el enent s
formed on the surface of thé - Substrate when conpared
to the SMD substrate 10 or the NSMD substrate 11 for
an equal 15 nunber of circuit traces. Also, since the
BP anH%JE%?pad 36 is positioned in part above the
sol ek ~rid 0, the BPS nounting pad size may offer a
surieRral eageqy@l to or greater than the SMD
nmount i ng pad 28 and/or the NSMD nounti ng pad 28

si Zed = 090841 I n addition, the BPS substrate 40 of the
prq?gn&%Jnvention may offer increased flexibility in
dest gn”ard™ nproved bondi ng confi gurations. For

| NN & @or tio BRSsHAH 886 ikl dniapacARtheneract®y be
configured to further increase the surface area for
attaching a solder ball thereto. Mdrre particularly, a
BPS sol der ball p | ayer b fig W t h

scal | ops, r@q&%u;3%9&%%@&8E§§£1§h§ﬁﬂﬁﬁ:ﬁ%@%BEE%s, or

ot herwi se geonetrically configur¥d to increase the
surface area or inprove the bonding characteristics

of a solder ball connection thereto. Further, a BPS

sol der ball pad | ayer Ry heg gend0ured to expose a
portion of the ternminal pad for connection to a 25

sol der ball in conbination with the sol der bal
connection surface of the BPS solder ball pad |ayer.
Addif063naReferringdaphta FGH. Ay aod SBetha BPSanbstrapeet) dfithepresent

. C er, to define a solder ball pad, |la IS, nore
im GRS o S R ap T R s e T 1 EF surface of the
subd@dtt wihasl crayRéd OftheS MIDBBEFAtOT10 o tBE NSMID SlbsaitE 18 if@@n equal

tol erances as conpared to an SMD sol der ball nounting

nupbet of ¢ipoBBIace. Adso, pmee frediRhmountsigpad 49 fsfrosisigned in part above the

, . ;
s ALK PRabE pER g dyzedfig i fatthElsniibl iy Bter tan e
SMih gioanting gad 28 ahd/er the Al IMP atbuntiny pad X sieepr i ses

optional interface |la , er |layer 48 as wel

[ er 38, cop | ] |

as K964k dbadditigp, the Séﬁh%lﬂf?é%%ﬁfthff Bpesnt mgentigrmaycoffer increased
ARy AR o AR GHD consirarCht T ARG FAR solder ball pad
layer swlydbe cotaduredtadurtleey srcreate the sirifaga ared forgétaehieg 4 soldar ball thereto.

circul ar . ar wherejn, t sol der. bal | ayer, 60 .
Mgt bR G TSt bl iesiants et Pel il Ncalios maially
ext@l@diigé fih @k ré2a6k Sterwi¥e @RoaSritRY éoﬁﬁé&g@toqncrease the surface area

sol derabil'ity 5 enhancenent |ayer "18, although this is
or imeprowhibahoriding diaeacterigtics Piasolder badlicdanectien thersta. doiber, # $PS solder
vl 5 S5 S T P B
soldeballiif GorlBidath wie e kS dall lcBmeBortfurfaed éhe BBE koldadball pad

| ayer 60 including side surface 71 and exposed_area 90
laygy.” Additionadly, asgattepning of metal, and specifically copper, to define a solder ball pad

layer is more accurate than solder mask patterning, a BPS solder ball pad layer offers superior
positional and size tolerances as compared to an SMD solder ball mounting pad.

[0065] FIGS. 7A through 7L show different embodiments 99, 101, 103, 105, 107
and 109 for a BPS solder ball pad layer 60 of the present invention wherein the solder ball pad

layer 60 comprises optional interface layer 38, copper layer 48 as well as solderability
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[0066] FIGS. 7C and 7D show enbodi nent 101 including a
sol der ball pad layer 60 10 wherein solder ball pad
| ayer 60 includes a term nal aperture 82 exposing area
90 of termnal pad 41. In aggition, scal lops 73 are
formed circunferentially abo area 80 of sol der bal
pad |ayer 60. Scallops, fingers, spokes, or other
enhlamemeal lpyer d %1 tath ih shgws haip sgglnﬂ\a,yebm Ha8am &geughsm for clarity.

{1
FIq R A By 4R BoR T el Bl piediy o G
genblly & 4 aedmlm Atea Q\fhef:i:lﬁthb detdettlllpad RS EESCinclhesBABdturE Qs
exanpl e, FIGS. 7E and 7F show enbodi nment 103 incl uding
therﬁﬂg%gae%psang arep 80 of igyrainalapdiddy it %) may inclide a aplderehilie
enhgﬁceﬁféﬂ?lﬁﬂf%% 8 az[l&?‘u%x th%]c s h&'sH) d'? %qr %I%gi 4]Than d ei(cfer g%g%%ghed to the

ton ured as ra xten

BP§ esléerdlall pad yrnb@timestahbyn &f Flasged aﬁ@ UBtmayaeeitfittdeo &2 mounting
[.0068] Al so, _as discussed herei nabove, since the

Padéén{rxoamelgd%a PAEORBLFIRE Arge 80, sedder Ball pardayes 60 instluging side
sur}%éé b &}ﬁﬁe Blel %%f}fﬁ% H@Pﬁe}dtmon of the solder ball,
by enpl oy ng t e sol der pad of the present
i Nvi@A66]onF1GHECsmt dBrshbwl dmbodihdna y@lr infladingy sbider ball pad layer 60

whisgin Bl yeofl it b M e ferminph ke §¢ coposHgerA R terminal
pad 41. R @dERbH 8EalBPSTS A8 forlYRH BircdR@ehfidIfAbbYe aréef‘Sd &okiRSEAl pad

where sol der mask placenent is |ess precise than
layerdiOd dcalkswis) fingaxs, $payes; osgherflaenatly mctﬁndlmgmlap@sl rdz;}rbetmilvantageous to

G P P B e P e BSRERe WP e

surfipey fotlfittaichmerdt o @kel@ér baisterdd. coul d be measur ed agal nst
a desired placenent, and then the sol der ball pad
| ayP680 Eeraxample, BiGhHi7Ecad 7F shoy @@bodlmentdﬁﬁe@qludmgasolder ball

pa(f l?fer gig\flg%f-l% ar r%lgl:FiF 5}%3%\&1 ay%?x%rgg %?{19(9 Sf tgrz[%lé% a8 Wif%& gxr%endlng

elemeosts Bi oonfigayeds ratibdlBraxicndihg Rlenhtstgendrallydyigndtheallsahdaged about
baII pad | ayer 60 onto the substrate and the position
TR der  bal | pad | ayer 60 corrected accordingly.
A BA! | WRloYas dif%iss3 heRlESveDdhle (¥
nnuﬁ?lﬁg pa&yﬁ%§ : ?orne and t#éngtnh% g er g%F?@%&ﬁNGOf
thepsalder badlypad irgiencep thramlmldn bf thel solderiod] lby @nplaylﬁg kebesolder ball pad of

e By ST BB b e 5B B RS o solder s
desHe@ 6 LHIDHedEYr iR cUBEHin the §l%l:c%€én't Mxeip\értmagi if t}ie Ea@er labk 20. More
area of attachnent of a sol der pad, and thus
spegtfjcaldy, ibthg casearheraolder mlsldelnacqmm 1sé@ss atsleisd thanjseldet all pad layer 60
di ment 105 i ncl.udi
o oo 6y of B R s FERRE OB B Gl ol St mes

aperlmveelﬂhcteﬁ’fent/\hﬁfue di(Ulh hpepluge 1ﬁ l@.fsbldblxrrﬁ@sﬂﬂ) BUR He@hidwBeted Bgainst a
sol. der ball pa Apertures 77 allow a

| a
desiigfl glarerpenty and @%tth%iqﬁqr Balé %i 1@1@160 carld br disslagerkingsder to correct for
thetcf&'t)%tlbrﬂ GE h&gmta? Beald! Hﬁl“tg o b @b ts@ﬁé}pﬁ%ﬁ 1'pa(ﬁ) ay& 60; thus,
sol der are s Fee

ur es own as
apaﬂum:lﬂ"l}b(srtﬁ)mmayl be detenmet Ipabr tarfempngsthe iscldedbativvad 1dyBe60 onto the

rfac sal de S
subsgate an(‘le the posmon 0{ somr léalgpad layer 60 corrected accordingly. Alternatively, the
solder ball pad layer 60 of each mounting pad may be formed and then the solder ball pad
layer 60 may be modified to position a solder ball in a desired position. For instance, laser

ablation, selective etching, or other removal processes may be used to selectively modify the
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[0070] FIGS. 71 and 7J show enbodi nent 107 including a
BPS sol der ball pad configuration of the present
i nventi on where individual regions 93, 95 97, and 111

of solder ball 10 pad |layer 60 as well as the exposed
area 90 of the term nal pad” YA~ formthe nounti ng pad
36. Therefore, an attached solder ball wll be affixed

arez of attachasen8of ayniicd balhpadnetd thasadis elasemdénd ofa Fder Anlfiattdebed
sgde surfaces of regions 93, 95, 97, and 111. Such a
8hf|gurat|on may be advantageous to provide nore

surnbeeyg ares. 7Qrang OH%BwQﬁibbdi@l%ﬂﬁ@ﬂ1h&ﬂd1n%@@?’$]sol\zﬁﬁb(all pad
alternatives are possible, and the present invention

configuraiden ofithe present mventipn v@@rmgltl@mp@mpgﬁ @ formed in solder ball pad
layér %6 ¥\|1? %@es ‘?’P!&lfqﬁxy ?o%ér b&ﬁgo Jtt{" Xli&) tgcg P‘lgr{l(e,zﬁ §1des T1here0f thus increasing

the Biﬁﬂamé laftg op &dac&@en‘r/&f t h@lda’fballh ApRItESENT are @H@Mﬁ hhreB @ cumferential
been descri bed herein _as generallé configured with a

slot Hiatire PRgitipned ayer thy aprfage of sodder sk &0-ns to the sol der
ma hu | i t
o7 e PEAd uh bR, KRNI E] EERISISR G pad

configuriaticrabf the preﬁ(ml: evetitidnhehesoindviddabielzion® D595y, pmﬂl BlGof solder ball

pad iR e P SResert £kso0el Geserae DGl Pay e g pad 3.

ThdrbBte, bt att3h&idofdeRBAN Rl e HHRRAG 2RAs B §n& SWas il 45 3R surface 71
Convérsely, It may be advantageous to create a

andvtbe sidle surfadeofaegomsP3095,193) dndrl 1. Bech 4 cwifigudtpr ey beadvantageous
‘ so.as to create Lgcnggsgﬁ surface area or to pronote
o FOVIGE WPrSEiATE Ara 1h3de PRl PUEEHSs t i cs t hereof . [0072]

FI G8071K angly dlterfiiitngs §HiBTe nhind HSréseed iHekinen & MBPBmited to any

sol der ball pad 25 con ¥ guratlon of thengresent
onqg GPRE gAY vln@w@ugldoa@r bajlpad 1@@@ 60 gxeay ingombiatien with tesminal pad 41

are§s m%S : arl‘ﬁé)ﬁﬁqlgg gzg%(; %X{t %ﬁ rQsSéat ﬁxienh%%%s%&? A&cribed herein as

res ve ar ea

gereuitlyicghtfi @irédwitha yolpérmall gad &@éﬂ a0 tﬁﬁtéﬂonﬁ)hilhﬁ e 801@é nad’k, thus
vertical sidewall attachnment of a solder ball t

cregfing-asvegiicah deppession §enshitent wath thgapsrture 23 Hie salldéramm% J0pthe vertical
sur?a%é Bt g lsolﬁédoaﬁ Jmou-ﬁﬂﬁgpa(f iberngyb’@tta 1084 a® i O(F dlg rr 11%%%%, it may be

resent invention nmay conprise areas o
ad\mat:hgécmyseem fomf thersabdarbalhpad layer $0 swithanitay mhstamfally @hanhmal its top

73] ferrln now to FI GS. and 8B of .the
sulgqumﬁﬂ@éeLs g' lnilas}'t e@gg:?.péqgggpl&s tﬁlcaqgge%vertgq Wp‘rﬁsmn or tallor a vertlcal

defraRionGaak flﬂcr&ﬁ@m'cﬂ:\d&ﬂtshl‘f?ce%éa%tt&fn%nﬁ)fte B8 sREREH bond
i nvention as depicted in FIGS. - and 3B1s

charpdtersstiesthergof. As shown in FIG 8A a polyner conduct i ve

app A oy TSP aP R sonpieniog il e SRIOG pol pec

confirfion O ¥R &entQfiVeition Whérd BbIAeCIMEAR 1 dyEo PR EBieSs $00and
the formof isotropic epoxy adhe5|3gs 3%80 and 3889

inchides apeylarq sepianstlld Fhap@m@é@ rem‘@tlvet wes 0 taminghpad 41. Sucha
cofIRPRER B ey FRE PRI B! 5! BG6l P Lo Sy Rlaieore soaer

0O Ccov e sur

ball &r are4380 ap a4 peyilesadtthdhtngire@ @ td toingina Pad 41 h€hus, the mounting
sidewal | s of solder mask 20 defini agerture 23 and .
pag p@ot @5 PHSENt IyeRiEeN may @ng]areggpgs@?der all pad layer 60 in combination

with areas of terminal pad 41.

[0073] Referring now to FIGS. 8A and 8B of the drawings, a first exemplary process

flow for fabricating the inventive structure of the present invention as depicted in FIGS. 3A
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mask 20 to forma collar of the polynmer around
aperture 23. An el ectropl ated copper |ayer 48 nmay
then be forned over interface |ayer 38, followed by
el ectroplating of a nickel |ayer 18a and a gold I|ayer
18b together conprising solderability enhancenent
| ayer 18, all as shown in 10 FIG 8B. It is also
and@gis diysirattd dAs shatwnan G A, iarpobmiicr cendvatiey adB8sivrafpribimg optional

. lied st.enci | rintin follo b

o AR AP S e Bt D Pest 2 YR e 21 Byatay of example

only,@Qil#ble Rptiedtive palyhersih e BrR bf fsbRofié @Wixh d8hesRBs 3880 and 3889 are
optional interface |layer 38 to enhance " adhesion to

availgide FomdéamkeldietiteiCarpgratinn, Epphdchenti hhe palymerrinietfheedayer 38 may be
SHR h th f ti d
ool NN ¥ RS on o BRI bR fpapeporre 22

the pidbyiBrof sbliderrhaskDOmefihing apditur12B @idahe fop@otiggnts wiidfae of solder
g; sol der mask 20 surroundi ng aperture 23, |eaving the
magdfde derms edlape! the Pyt arpens apertaisd 3 e elsctenlaterl sorgrer layer 48
. | .
maf B8 (PRS0 1P G I TP el flaf of FHhAle Rler 180 nd
a gold hayen thbctb gatleer podprising sddanbilityteahdnaeraent payer 5% a1l af slawn in
roceed al o veral different ths. Referrjn _
FIG §he s .alueso mtﬂa&gfea%t PHV"'a? Hé%r?ag? %A%fﬁ?taf* gy ‘?%@Pﬁeci By eneil
prifing! S11bwedbPESLRIpBFLS bf hHECofgRe %ﬁél&l\/&d%l&l@%ﬁé. ive) may
be apglled over sol dér mask 20, patterned by exposure
t o B0Y4dquRelstingdo ElG@rfyetihodravinghtantdptions) nterfasa ddyer 38 to enhance
devel oped., .and tions of.the.dry film surroundin
R LORE SRR 26 Mad P el ic 35 i e R oA ey, such as
thetafréfh&Rilon@EH YAOL®ED 1098 iaR€ EQNOTH ¢bimpbAdsSoHokHRY BifliaBR polymer, by
aperture 23. If a nonconductive polynmer has been used

stencalyPrigting eV thedam aEasprehtoldes mpgk 4@ purrpasding @periure 2ayeaving the
: : in F
oo ERROERLARELY AP 00, AR 3008 m S DDA I ER 23 e or

rseed rl
mateeitlal interface |layer 38, may be el ectrolessly plated
over the Qﬁé:filn1photoresist 100 and into aperture

23, 1006l r Ihiepy 4 dhegisp 65 & Aot Yegi nERcondativR PIYPEaven interface
e » 13 b
P SR RE ProcE Sl ol e ey RERIRD £ 04y g coverlay
eleinsnttih ére fetm bPpény fdffphotveesisa hdT@bsitivoor repaiviermky Ye agplied over
nown. ibn the art, renmoving with it the over]Jyjin

solff ik 20t Ge% b iragne o® el vl Tt it pesk
develtipe®Wnd pBdioAPST thel B A/ BB 41 k&hBInB&lto eﬁéérﬁézﬁféqmved to

extending fromapertfure 23 as a collar over the to

exppge feapimabpaddd|age definesionglos 1@&susiopnging apertare® 3. [IOCnoonductive

' I r..18 nd a qold | ayer .18hb t.hen b
poldh 0l S5t Fed iR AR nn B G oy BR 295 Ay b presen
on aehulier 1A |Aistshoveri el IGe 188t dopy&rseddBap d 04,0/MtIEhey Edifiprise a metal

structure of solder ball rmounting pad 36 as shown in

intgrfage layerys, npayde stecireleshotlied oyar reediy filia ghetarssist Kigind into

GREEST IO fe ;,-5 gefnh 0 '
P A, P ol o o R Ao 1 AR I K nyer 104 may
be tgnsantadidry aiesoplating, if desiredd Dy didmphivtoedsiztll 00gis deastripped off

23. .In either. case, with or without the presence of
meg 1qgﬂg pr chemically as known 1n the art, removing with it the overlying copper and
leaving the copper layer 48 within and surrounding aperture 23 contacting terminal pad 41 and
extending from aperture 23 as a collar over the top surface of solder mask 20, as shown in

FIG. 10C. A nickel layer 18a and a gold layer 18b may then be electroplated onto the copper
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nonconductive interface |ayer 38, an el ectrol ess
copper seed layer 104, which may itself conprise a
conductive interface | ayer 38, nmaybe applied over
sol der mask 20, into aperture,23 and over the exposed
portion of terminal pad 41. A coverlay elenent in the
formof a dry film photoresist 100 (positive or
laygy a8 fo\m@)so}qlﬁgpbw@/ g}é}gmeg@nb]@mr 18#ind epmplgtsithegsructure of solder ball
e to a required wavel ength of
1nmﬁﬁ%%$5@§@ &818¥R§%%§ ével oped, and portions of the

dr }{0076] I minsmbmeﬂprdte@; segjnehoe xdndirefiertthg to FOG ald ey, il betichdl
expose term nal pad 41 and define annulu

enpved t? .
nonf@gipughwmrﬁ@te%‘érlw é8 (" Bherd %wsheﬁ@plépdﬁe Feligrngsk 20 in an

r
oL ESANE SRR SR AR P R o
noncopjmetive interfamwlaj@w 81@12q1eo¢mmss aippevsebd lhyafl Os}p‘h/hlleh g stkelf
20. def| ure 2 and onto t&e exggsed rtJon
coniggist cpBHTHAPIHAGF 108 8- Bovhi BpLed Bppepidpey ek Rginicperture 23

andsd?/@i/\ﬂﬂe 'eiapoF !:d::por@ién @f teﬁl‘uﬁ!ﬂ%}ad hay ?&rco%gﬁ’ayéyi’éi'n&@ befknb ﬁﬁﬁ%rof adry film

may then be electroplated to form solderability
phmrhsaﬁdéﬁﬁmsmlvayenegmye) aupyibe appliedsivensolden nfasks20, patte@ned by

Dry film ph ' Q h of f.
ol BaRrel S eRE R ot Ban Tioubh S Badl et fodRc gt iogs f e ary
filnk igrouRgiag bid BgerRliRCihiod ineisie 00 RS vea%S exgoddy Rfmik@fpad 41 and define

renoved by a soft etch conprising an al kali ne amoni a
annglyis |02 spreuadingeperaire 23 ped expbing appiian of clegraless conpter seed

lay%| O%g%@hb?ﬁ rpﬁl(b %?B p egP{XS/ tﬁ{ﬁ lﬁa e%ct%%l@ted L)gg) Ké‘exposed copper in

or egoi ng ion con

anrﬁnthIOQ,l @81 sitidvedis of bdddrana’b 0 dbﬁnﬁ@ﬁ}ieﬁ’tluwélﬁ i G| olntd‘thé exj@sed portion
t he sco e of the resent i nvention, but mer IX a?
of terppaldiA 41 ite ?QE%RI?‘SPPI?B?E aygf48s ahboBRdABIGyrl) C. Nickel layer 18a and

18RRI
solf ERRE | AR P eheiPb P AR Pl b i SR B rfbm i Soyer 13, sgain as
Sh@‘m iniMGoriG dbxpyeﬁlmfp}mmesm ¢8@mhy ilru da kirpped ¢ ateuhlmally or

Cheg&}i%ﬂi ﬁaistlg’b%’f e“%‘ﬁ]é?t e@,n%gtﬂgfln‘{]qq]é(lqgr%@be e@qlpggr seed layer 104 removed
byh Q@E 8ER ESmpridhl zﬁﬁ&l@ﬂm@ B o s‘bﬁﬁoﬁ B Yorplett AR fﬁlﬁﬂﬁﬂ&?@f solder ball

clainms and their |egal equivalents, rather than
kumﬁuﬂ@ﬂéQQWHQOWethKhﬂ1Bn Al l addltlons deletlons

d th ti
095 B B R S s R SE RS s gt o
be CorBiri& AMEnitifg IR sesPRIA@RDresehah@dYion, OmefdlPdsdFrovillig illustrations

is clained is;: 5 1. A substrate for an electronic
of gpawq eemply ergbedierentyr Simslayi albersmbodisraatseol teinuration yay be

de\%e%q?[ﬂ%h &(bl?(;t%% &ﬁ tﬁ%t O?E%)gg 8?%?{ ésgrgt 1n\?enﬁ{>}§ ef;ealer?s from

nsu Ive mat |n|n rm na
diffeacht Eabodithents nﬁiy&id:reﬁ‘qﬂnged)ﬁn ctdmﬁnﬁéfmﬁt Tha Bcopa sfithatnvestion is,

sk exte over the sheet and having an aperture
thergiarecin 1c§1tﬁ3 éﬂéhm}b/{ﬁ{ ey gy the appended claims and their legal eq1lll1va1ents rather
than by the foregoing description. All additions, deletions, and modifications to the invention,

as disclosed herein, which fall within the meaning and scope of the claims are to be embraced

thereby.
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10 portion of the termnal pad is exposed; and a bond
pad | ayer conprising at |east another netal |ayer
formed over, at nost, a portion of the exposed
portion of the term nal pad, ,the bond pad | ayer
extending up a sidewall of the  aperture and over a
portion of the insulative mask adjacent to the
aperture. 15 2. The substr@bAIMB claim 1, further
conprising a solder ball in direct electrical contact
with both the bond pad | ayer and the term nal pad. 3.
Whathie ciaithatisat e of claim 2, wherein the solder ball is
attached to a side surface of the bond pad | ayer. 20
4. The substrate of claim 3, wherein the sol der bal
IS pttac I : : :
ext B ng ne fhan PRk P e iR ARl B Plisree
condfictvlealemient thheowithe tuhsrdocdnpiathgt ayer is configured as
25 extendi.ng el ements general |y

radi al | . .
syﬁﬁgF?‘ggvaﬂgﬁ?ﬁﬁﬂgd about an exposed, centra

pord el | ertd@ﬁnin% & kPl pRARm& on PurBHOST theliReOf
claim, erei n tThe bond pad | ayer conprises a

an ipbulativeimagk gktendipg o ven thesshediand havingharcapettive theeeinihvabghpeitich a
i S expose or an el ectroni c device

0 7., A sub
conf§ ﬂ?%@h?gwnﬁ%h%¥$§a§%g Eg% ete conductive el enent

a béridgiad 0dyer bdiprisipsd: Ieabt@n6@BIhEE] 18gkr fordied oRerS AGRAst, Afportion of the
insulative material; a netal |ayer defining a term na

paderepadereriin of tha femipd ped, theeonsinad layenextending wmd sidewall of the
mas i .t | . ] erture
R B

i s exposed, the exposed portion of the term nal pad

having a_ 5 centrojd;, and a bond pad | ayer conprising .
at 112'e ast T8¢ W@ﬁ%te PLSIRIM k Spsy cpsing a 4014% palhingligeet ehgstrical
rtdct WAB bEMRASHShd RATdeP i I nal pad, extending
“’uﬁ a sidema?F o#ﬁtﬁéka%ggﬁﬁ%%ﬁgﬁg&gber a portion of
the insulative mask adjacent to the aperture, the bond

pad, | ay further pri sing. a luraljty of apertuyres
Ehrbugh s SRS S 2o heis the qisr bpl jtfachied o a side Sirface of
the®$RPp&layek0 8. The substrate of claim7, wherein a

centroid of the bond pad | ayer is positioned
according to a neasured |l ateral position of the

apegtur eﬂllensugs fatd 31 c&‘e{ir%t?al, \\{v%errer:%sth'e solder ball is attached to the portion of the

bond pad layer extending over the insulative mask.

5. The substrate of claim1, wherein the bond pad layer is configured as radially

extending elements generally symmetrically arranged about an exposed, central portion of the

terminal pad.

6. The substrate of claim1, wherein the bond pad layer comprises a plurality of

apertures through which the terminal pad is exposed.

7. A substrate for an electronic device configured for mounting a discrete

conductive element thereon, the substrate comprising:
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9. The substrate of claim?7, wherein the bond pad

| ayer is selectively configured for 15 positioning of
a sol der ball thereover attributable to renpval of an

initially di sposed portion _%ggreof. 10. The substrate
of claim7, further conprisi a solder ball in direct
electrical contact with both the bond pad | ayer and

t hea sheetiof Hgplabeggmategaly 1. The substrate of clai m 10,

WD HIE PELAE] b ST oo

an infdatiie madsk extsmimigadsvdn g shea aAd hadieth etp@rtﬁﬂeehthtthromg}mmch a
the 25 bopd pad yer extendi ng ov r the insul ati
skl e Laanda% gxngpede %s ekpoped Bt p e frampiahped having a
pad.dhg¥@r adgs configured as radially extending

el ements’ general ly symmetrically arranged with respect
a bamol pad 1ayeposaujsingeigast a metaltlayen forofed bler at Eastianmitiquad the exposed

portion of the terminal pad, extending up a sidewall of the aperture and over a portion of
the insulative mask adjacent to the aperture, the bond pad layer further comprising a

plurality of apertures through which portions of the terminal pad are exposed.

8. The substrate of claim 7, wherein a centroid of the bond pad layer is positioned

according to a measured lateral position of the aperture in the insulative mask.

9. The substrate of claim 7, wherein the bond pad layer is selectively configured for
positioning of a solder ball thereover attributable to removal of an initially disposed portion

thereof.

10.  The substrate of claim 7, further comprising a solder ball in direct electrical
contact with both the bond pad layer and the terminal pad.

11.  The substrate of claim 10, wherein the solder ball is attached to a side surface of

the bond pad layer.

12.  The substrate of claim 11, wherein the solder ball is attached to the portion of the

bond pad layer extending over the insulative mask.

13.  The substrate of claim 7, wherein the bond pad layer is configured as radially

extending elements generally symmetrically arranged with respect to an exposed, central portion

of the terminal pad.



