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DESI GN RULE, METHODS OF FABRI CATI NG SAME AND SUBSTRATES, EL

ASSEMBLI ES AND SYSTEMS EMPLOYI NG SAME 5 TECHNI CAL FI ELD Fi el WNWW@M"CE
I nvention: The present invention relates generally to the nounting an
connecting of electronic devices and, nore particularly, to appar1 %8s and
met hods providing an inproved sol der ball ‘pad structure on a substrate such
as a printed ci NNOVATIVIESOLIDERBALL PAD STRECTUREITQ S EIDESIGARKTIFHUND
State of the Art: An METHODSQF BABRICATING SKAGE ANT) SUBSTIRATEES, that is

smal l er, |ight egl FTRONKEDEVICRASSEAMBIESUNP® YSTEMS PMPNOYENG sgeviend for
sem conduct or 15 packages that have smaller outlines and nounting areas or

"footprinks."” One response to this demand has been the devel opnent of the
so-called "flip-chip" method of attf gpnnection of sem conduct or
chips to substrates. Sonetines referre o as 'Ee "Controlled Collapse Chip
Connection," or " (Pield offéelTnekntibite Theeprosentineertionatlues géreraliyng tHeahduntiag a
conductive netal, gﬁgﬁsol der, or gold, on input/output 20 connection pads

on the activendgpmeeBng,ef qlwoelﬁldsvw%sw@ﬁ mWMlCH@IIYJP apparatys prymethads chi p
upsi de down, ! to
the nelting ﬁoé;kﬂ?mé luﬁ 9‘1 oté'jnb?P %IP %&%g%gen% élfbgt(g%%géc Ia%%%hh%gcrgﬁm
substrat 0 Arwmhle(r‘PCBS)rmmssemh@ﬁdﬂmrmé he devel oprment of a so-called ball
grid array ("BGA") sem conductor package that "surface nounts" and
electrically connects to an associated 25 carrier substrate, e.g., a
printed circuit board ("PCB"), with F?@(}&;ﬁ UiNDof solder balls in a method
sonetinmes referred to as the "CS" net at 1s anal ogous to the flip-chip
met hod descri bed ﬂmtvefﬂlgﬁmn%mmpwgsmgndemmdrfemlcmm@mpmmtmatlbsmbﬁaer,m die

S artabhod TGN FEABRERTY ECRORE P hrory R A et pEondieF nea on o

15  packages that have smaller outlines and mounting areas or "footprints."

One response to this demand has been the development of the so-called "flip-chip"
method of attachment and connection of semiconductor chips to substrates. Sometimes
referred to as the "Controlled Collapse Chip Connection," or "C4," method, the technique
involves forming balls of a conductive metal, e.g., solder or gold, on input/output

20  connection pads on the active surface of the chip, then inverting, or "flipping" the chip
upside down, and "reflowing" the conductive balls, i.e., heating them to the melting point,
to fuse them to corresponding connection pads on a substrate.

Another response has been the development of a so-called ball grid array ("BGA")
semiconductor package that "surface mounts" and electrically connects to an associated

25  carrier substrate, e.g., a printed circuit board ("PCB"), with a plurality of solder balls in a
method sometimes referred to as the "C5" method that is analogous to the flip-chip
method described above for mounting and connecting dies.

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

30 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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30 surface of the die or interposes substrate. The sol der ball nounting pad
may be defined by an opening in an insulative |layer or mask called a
"passivation layer" in the case of a sem conductor die, or a "sol der nask"
in the case of an interposes substrate of a BGA package, as descri bed

bel ow. The interposes substrate in a BGA package may conprise a rigid or

fl exi ble sheet material. -2In a sol der-fask-defined ("SMD') sol der ball
pad, an aperture flomarsohier-maskidefmed K'SMEY) saldeebal] peal, apapbrtiiesf forraed intthe matider

rotal . o bR drioes bieloet el Gl o TRiCal 0 s,
mul t11ayer comdiatd PRyGior bl A Of @FRa! hiamSthod, 481, Bh%er RRGR kiaTBdhe cRRC Of

plated on a 5 s e sheet and fhenr’pattern’e usi ng known
phot ol i t hogr aphlildayectdomtiuation oF thetafiwemensivacdthatimasdeen lamimated ansidoe plated/orbe
formed sirult aneous wi.th the termnal pads usi th rqcesses. In
addi 11 on, a. peBAgOL Y Bl oreet Sedhetcep B pie et S e ea and may
connect the ﬂ@&nﬁ?ﬁé@.rFﬂﬁeh onbB8r RBRATIChR trasts hasbedbrmdisintibflcbalgwinagl . 10
A sol der mask is then fornmed over the netal termnal pad and nmay conprise
an acrylic ortemnipal padsrising the aameé proegssesaln addition a/plated thrauglpboly, called a"vimat i s
sil k screened, spincoated,or. applied a prefor ilmon the bstrate
Sheet - *an apdPELRE PERYEH B PRFsmBter BB TR Midtihe dups e QelstfoftR " of ™t e
term nal pad,substtatdéicetany portion of the surroundi ng substrate surface. A
sol der ball may be attached to or forned on the termnal pad area thus 15
exposed; lRowever, A fpeldergnaskis thew formed oesrhe mptal tepninakpadrand may sempeise u |
from attachi ' i : ; ting
ron that 15 2SR boRRbeRsRof, Mierh Al RS b Bht s 4B sd e
referred to avard obipflisd by pprefdrnted fitiaronhid subseateslieay Apcapertise ipiaéd inghy, a

nonsol der - mask- defined ("NSWVD')  sol der ball nti ng pad 20 may be for ned
in a sinlar SkEABIESK PorREPRSEARITHBPIRRS tﬁgﬂ%@%@% ngf anyportigneat it wimopnding

sol der nask. i i M JoHA8 %?mfn'a?p i

term nal pad,éug% e%%%géi%{)%%lé%ghﬁg%&?ﬁgﬁ aclg 0 thetdiﬁ strat eﬁrs%ée%ttﬁusénd,
opti onal |1y, ecexposetlj loweykr, dre salifenmask prev ¢ stldered thessotder bilbfromtaetaching ten
sol der of the sol der |1, can .attach to the entire surface an eri.pheral
vertcal i ddnY PRt g eEny e iy ban i Dbng fisd d NP el sy
circular-s hamlpérrﬁ@.r Thig khelAPoRA dred iPRFdriedo 8 arPSID-§Hk bf §0lds BaRiRuRtmOS ed
in an NSMD sol der ball nmounting pad arrangenent. The connection area of

both the SIvimdtype and NSVD-type sol der ball nounting pads may be coated

thereon.  Each of e nbeft BBl d faTHENED YRt lebbufientl) ng'
pads haveo30 manie fehiedinaoibilasmaeie, tsexdeivd baingaliesizecfihe apritart iwitieh it .

Turning to the SMD solder ball pad, it provides relatively gé)od "end- of
line" (i.e., sgldef maske Iy particnkes tyeallyothe NSMP pad expnses tha rtire el pachay  bal |
shear resi st : I B I ‘ '

the term nal qg%ga Bﬁt}g# %gtthtg@tﬁrg&?ﬁgﬁ%; pos eé@éﬁ@agtsag?,?ék 1912?1%??331?[}??2%8@?8 al |
mount i ng pad cineuit trades suchdhat the regltet selder pfitha goldér bl ean attach hathepatirefsnxfacet he

bstrate wh i.cal. for t t he, I bal | at h th to.
Th contrast | AGeREINSTigars ol e ertin Gl thesdRposed PR B 1 1 o
shear regisst aeElaRERES Rriia] 4l 8% peRfh FARScMPiraUEExPob&l iR%h al edge

of the NSMD term nal pad. 5 e SMD sol der ball pad also affords relatively
better cont r sbldef ballhmountingmat afrangginepto skheiconnastion hrsa obbeth theSVD-type artde

surface of t bst rat han does an, NS sol der .bal I. . _Thi,s, i s because
the lateral 5k Sernal BuiiRe B mayperpa=t i enielT gy B0 BireaiiSa by
two factors: 1dyeltd ihaiSkéiiaBllitPsf older Bishsph! at € of the centroid of the

aperture in the solder mask, if the vertical wall of the aperture interacts

(e.g., touches, orEaghettheecenventional SYD and the NP spldgs ball mewnting padsrthae| | |
and 2) t PQSLLI .0l the nmetal pad | ayer that
is exposgg b%ﬁ{nﬁgﬁ%@ﬁe&}%ﬁyﬁf%}é&ﬁ&g&%ﬁ%ggs_o?{afeﬁgﬂghr%a wetted by the nolten
sol der of the sol dwnihgtd theSRD bdlderballpad, it providesrehtidelly @obd tendwfdme" Hal, |
pad. In both instances, the center of gravity of the solder, ball tends to

al i gn itsel f abtheend gtthe semicpaducies paekage fabrigationdine) balkshearresiganeetbgeauss the
ly. As i dyof ert . i nci d
TR e cont Dbt fuask (VERad e GEMHEAN alor i AREA I ok AE SR B RIo 68 17 o

wal | of the aperture interacts with (e.g. touches) the solder ball, the
center of gravity of the solder ball nay be positioned approxi mtely half
way along a line extending between the two centroids. Since in an SMD

sol der ball pad the aperture in the solder mask exposes only pad | ayer
netal, the centroid of the aperture and exposed netal pad 20 | ayer

o b 1. e o o o = .




25 Further, the vertical wall of the aperture may not touch the sol der
ball. Consequently, the centroid of the NSMD sol der ball pad, i.e., of the
exposed area of netal, is shifted slightly toward the circuit trace and
away fromthe centroid of the opening, which is typically centered on the
term nal pad portion. Hence, the center of_ gravity of the solder ball wll
be positioned according to the respecti ve Yentroids of the NSMD sol der ball

pad and the 3Resddfmitigithé §61e ball Fotmtindyadladl ahétfore) ke istipingOsr thdRmaader
ball on an NSMD sol der ball pad ma end not only on the |ateral

1ep
t ol erances ofpad If@%@?tsﬁbﬁ"&teﬂhepﬁ@cﬁﬂﬁ?%l dorees agtan the seJderthalljaftached thergip dpances
of the centroj f
Mor eover , evedr?qg\n t’h%%ﬁsﬁﬁggggée}sbgﬁi’g&% aartei(%ﬁ‘r,‘%:rglios‘ye{ rggg%‘-ﬁ%]esg 8??8%%%1‘]&? of the
sol der bal | dmpause thesbldet masicdues not cowertid/prripheral édge o€ NS VDI témaihaltpad.
exposed pad is not_suffjiciently aligne ith the centroid of the aperture,
and thus 2 vert i cditesibyaaider bl nedaliq gfpl\f%a f@gatiwfyebega confip} ¢f the katese)) (4
bal I . Wile the:.: | <y 706 i I '
open ng  osultEeREF I solibr it GEPRIEL oftnd fihlte B dob PP XS et bell
under st ood t hatl. BhiSs-brecause e lateral positimn GHthesohieebhlkanthe swidtrate anayteciiaged can
typically have a | arge nupber, e.g., up to njne hundre of such sol der
bal I's on"its BYJWRHRS sl egesitiogod %%'@staaé%#tgf ﬁﬁam,lc{ ?fﬂég@egwegla@e solder
m sal i gnment §ydeR, iR REGAYwal ol L\ﬁerﬁ@@m&%a&sd(]@!gt, iRhess UF BedtRRtatibdlyS OMe
cases, the die or package cannot be successfull’y nmounted to an associ at ed
mount i ng 18ur fintemcts) Gvithsthe sdldertballyand @xhwrposition b&theeentro8hof the drealsfbe swdtaler

bal | pads, the.solder ball atiached t.o an, NSVMD sol der bal | d.,attaches to
Che verttcal o ameeirr s dwosht bRERaRmle e 1F- fReradroneR By itmotih

i ncl udi ng t heoRlef 6ftthé sdldéball when tHe 13ty is dtfached to Efelsoldet Bl pddatin bbths si de
surface attachnent and resulting arcuate attachnment structure helps to

di stribute stinsanses theenter pherayviboehthhwoldeg balk tendgftondin Healf aves eachrof dhedtwod o

not concentr t L; f n sol der | | d and
the solder b %ﬁ%?ﬁﬂﬁﬁgf?“é‘ﬁée‘?h%@?‘ﬁéf? agﬁ%{,/\‘?%aémgﬂgiw N@I‘/ee(%fnggl iog ?t%a@g%fr(?
thermal $5r esideSndl\¢Bincide evithVht sanbidil ofltied ébuﬁd,médtﬂ' O iting pad /apd the
interface of whjch consists of a sinp anar_interface between the

j . | e
exposed por t ivEricakwalhef the apariveg infesatskidh tors tolighes theisglder ball, the centereft No.
6, 201,305 to ;BR’F : P 0 Lee
each descri bes zlaty?gl esrglqbeghn ‘g%%%@ﬁ?%&%%ﬁ%%%?’?%ﬁ% ﬁ?ﬁ%ﬁ%gr"&eaux
ref erence dedetwdsn sheamwolSMpitls piinsuhde SMia solderdwllpad thetaperuretretheisolder | ayer

f t al th bstrate | f j, Nt . i I d,,th d i t
Ceast two_ s pdRsk aPeaR gD eanatl R eeifid SF G Bt G droberh LRt Cookes
is exposed byayeR¥yoifidid@NTIRREI Bhigad 1BE M&%Qh@ibl&é?%ﬁlﬁiﬂ@éatﬁ?ﬁiﬂ;iﬁ%h t hat

the termnal pad and an inner portion of each of 25 the spokes is exposed
t her et hr ough periphtraof thametal pad layerntheflaterabtoledncesef thpSMExsalder ball wilbdepend t he

mask. The Lee reference.describes. a sol der bal ad strycture having a
Corm nal et cRHRATEo LR TaRR BERioRalltey i he BfRt & b etk | 1Y 5.t or
portion of the solHdwevbgite shapst ofttlie ISSMIDEsAldet balh B4 o8 ByttBe geepfiach tiy ea
for a solder ball. Another area of interest isS the ,esign flexibility in
the nunber ofoldermmaskingludgsadenmynal padporign pewelhay aBerion gkthe clpEtracs. r un

bet ween ?‘ql"tﬁﬁ‘e ] 1 I e
traces a%%\obet mehﬂﬂh@ﬁ{: %g‘gaeﬁsja{adﬁ%a%ﬂ%m\éﬁ&%%%ﬁqﬁgp?ﬂ%aogfs&gk}g?gpl géﬁewglﬁ fgzﬂagl ly,
t he af or emencémroddiof the ANSMID solderisilidad atd.,@fthe exposvd lateaad meted, idlsHifted iphdg i n
the formati on of ,SMD,and NSMD sol d%_r b&ISI lg)ad$, must be facgtared.in

det er mi ni ng f9yEard thecirouit frace andiayyex frog) the Gertraid aftbe opening, dibiedvis pRillpads. o
course, di mepsd I 3 j eyve a
Cobust dest gaaltEte@bn HREMANRGA BEHE M, MBLATRE oF ghniS BPle SelabbaRGANDE
bet ween sol deositiaried apetding ¢o tha regpoctive seditrheds dfahd NPMD stdderdpall pad afd thé n vi ew

f the f j ng, h f icati d | ti 5
aubst r at 80 anglEter TS dhearab Hratian i frgoineatlan b g BBt °
types of CO“I’rﬁ?tdIsﬂ%?ﬁ'noSQJﬂSi%hlﬂ?lh{erﬂ@cﬂ&aﬁ&g opme@gld@igsfﬁeger&}e,w@&l&o the

respective di sadvant ages wou be desirable. D OSURE I NVENTI ON 10 The
present i nvektatéralrolerampesi of dlae centroidd thet axposed anetaliofi gt metahpiadilaygr sswelhvent i ve

sol der ball d structure, and substrates,. el ectronic¢ device,_ass ies and
ayst s empl TR oh e WEnER B R nGh  uet Bt Bag R ol RSP e b
invention includes a netal termnal pad that is partially exposed by an
aperture in a solder mask | ayer which does not expose any portion of a
surroundi ng substrate surface. In addition, an optional netallic or 15
conductive polynmer interface |ayer may be forned onto at |east a portion of
the exposed area of the netal term nal pad and onto at |east a portion of

Y M o o o o " o -




-6which may further strengthen the bond between a solder ball and the
I nventive solder ball pad structure. As another advantage, the sol der ball
pad structure of the present invention provides additional, usable |ateral
space on the substrate between adjacent solder ball pads 5 for circuit
traces and circuit trace spacing. Because ghe |ayered structure above the
netal termnal pad on the substrate increases the area for attachnment for

the sol der batill ocur i NSMI) pad iftherpentzoid phidhe (expased padsia notsufficientlyalignedd vi a
th | d t h th tal. termpal be .
oduced. - hi Sy EBREAiGar e SpetiefS o e ¥y PR ik P RERE A e vith e

bet ween adj agggoldbagr ball pads, as desired. 10 It is also contenpl ated

that the structure of the present invention has utility with discrete
conductive el enentWhids the laterplapisalignment ofg soklcnbalktskgivie t apcopsping resulting

conduct or zfi lcﬁ pﬁf%’ﬂlﬁc&aﬁl%gmaﬂ it Eﬂbﬁlaﬁb%ﬁﬁ?deﬁ% d8at Rl ij%dné'hg & #or

exenplary an I'ng he st Sent “inven

features and Gslmonhtedesmiobndubser padka@ﬁanltypi@tMtyIMVe alakde hestene gapavaitie to 15
t hose of ordi nary skill in the art, through cqgnsideration gf the ensui ng

descri ption, @Hﬂaw}deﬁga%wsmma&anf% a&ﬁﬁl&ﬁa@‘@r@n&lyﬁbeseelww
DESCRI PTI ON h t tl
consi dered t(?l:]gﬂw h@%’lt}{é ahjgg %ﬁgggrgg%?dfwytﬁ\%gsdghitﬁﬁ?&{eﬁﬁeven i%lhale#”en Y

is a top vi e\padfagacmvbmucmaﬁlllﬁhﬁuﬂmﬂd@ﬁn isbdiatpdhoumtin(g sudficd. S si de
cross-sectional view t he SMD sql der 0 . FIG 2A
is a topIQi ew of & ?ﬁq08}i’é1ls%%’fw %SﬂaéggB@ifD Qerrhﬁﬁ@adszﬂleisé‘li’ﬁ%
cross-sectio I

r&?thch‘éh?é{"axpﬁan Eﬁggd. men h@?cfacﬁés th tmfértﬁ,lapm Mfaaéoﬁh@eéﬁs$5t >

3Ais a top view o f the sol der ball pad structur
present i nvemoétalof theltgmisd pad inchgiingthe cipeyat-tease(s), dfrpaly. liiepostflatad thahthiskidee nt

of an D sortErearPRiny e fes aPVe MG itherhels o (o0l ena "
bet ween two $hfaltH! feth tHeahhl A3RIgRb ith teatessedddnot¢Bndehitrate ot e interface

cross-sectional view of the sol der  ball pad confhguration shown in FIG

4N, FI &5 5AetvecnthalNSMIbsolder ball pack andahe sqldai bald g, theNSHD oraypreviderass ent

i nvention wherein thre ol

ount i g, padarpivel MeBingd o Hlrdpal (RSER oFEIEPSNEFANRE Rl B0 R Affer Bfllgag |
pad confi gur dhtedicedt wiich qonsiste bf a bimpielamin irtrdabe betwebh the dxposed pbition ofthel s a
top view of an NSMD sol der ball pad configuration wherein two circuit

traces ext endergunalpadandhe selfesballi der bal I mounting pads; FIG 6B is a side
t I
cross-sectional vigg rOudﬁﬁ@l_&'%@ﬂo%&@k'etQZQ%'@SW?&RN&?%W%@

FIG 6A; FIGS. 7A 1 dw top views and associated sid
cross- se@oi ortaLec/émh/slesri“lb&sOa stildecfr bakb pad strvictuié. nMnte&potﬁlﬁcaib’, mﬂé)aevﬂaux nvention;

e pgﬁ and B SR ickrife) a8 NRIRD AT pe RIEE BT pdd Rchuld whbN o yek Ol O

the substrate is formed into a terminal pad, the pad having at least two spokes radiating
outwardly from it. The pad structure with spokes is exposed by way of an aperture
formed through the solder mask such that the terminal pad and an inner portion of each of
25  the spokes is exposed therethrough, and an outer portion of each of the spokes is covered
by the mask. The Lee reference describes a solder ball pad structure having a terminal
etching hole as well as a plurality of etching holes at the outer portion of the solder ball
pad structure for increasing the contact area for a solder ball.
Another area of interest is the design flexibility in the number of circuit traces that
30  may be operably positioned to run between two adjacent solder ball pads with adequate
spacing between the traces and between the traces and the solder ball pads. More
specifically, 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



structure of the present invention using a conductive polyner interface

| ayer; FIG 9 depicts placenent of a nonconductive polyner interface |ayer
in accordance with the present invention; 15 FIGS. 10A through 10D depict a
first exenplary process flow for form ng the solder ball pad structure of
the present invention using an el ectrol e53I y plated interface |ayer; and
FIGS. 11 A through 11 D depict a second éxenplary process flow for form ng
t he sol der bapdcinpesbtwédnisicuit Gacks ahd solder &k pidsi 0@ Biirsq it érsitthaPidlerances as

el ectrolessly plated interface 20 | ayer. BEST MODES) FOR CARRYI NG OQUT THE

| NVENTI ON Refvesllas pgrametarnregsiredda pelievesrabush design liaif theqbgityiq prsitionnor e

det ai | ed basi_§4.f: I i i \ . 1 n.any way
o i tat ofodop SRRSO Rl bl b vl Ry d VT bRPLALG RN AT
of a conventi onal IBiewsifltlsd fordgbingOa Methot fordatiivhtey solds balllglounitth {adSba)

sol der ball nounting pad, 28 formed thereon. FIG, 1B is a cross-sectional

vi ew | ook? ng spbfitaterand resyiting splder ballanaunting adsoviaeh inprovepmhothy payok he | i nes
IB--1B in FI hgl\gg, £ 10 ey i - @Fs%
i nsul at: \r)e MRt er T a I,la-[g@g asﬁ’g‘?“’ﬁé‘n@fgg@r‘r‘?ﬂge& tri g)g??r%fertrés?FgQ)?b e %%’faﬁ%m edfi | m

or tape, fibéedksimble. 30 pol yim de tape, ceramc, or silicon, or,
alternatively, it may conprise a sem conductor chip or die. The SMD
substrate 10 typically conprises a |layer of nmetal, e.g., copper, alum num
gold, silver, nickel, tin, plathR¢POSQIRE GHoMBIENTIcNg of the foregoing that
has been | am nated and/or plated on a surface of the substrate sheet 12,

t hen pat1@rned usiThgpresend invientiamconiprised dnt dppapatus hyd methiod ipgpviding an mventive

term nal pad , iC i nclude, one or nore circuit traces 16 (shown by
ot ted | | hes Foldk Bl gTishurh ne Subsieiat errORe dameseonttien Aed eSS 16, a
pl ated thr oughpRimy safir! TaE s@ldé‘r‘ﬂaﬁ}ba& BRlichirD 87YAL tprégaif 1SRARGE Inchullss 4 AE@] nal
pad 41 with the oaﬁ)posme surface of the substrate sheet 12 as known in the

art. 5 An i ntamminal pad thayie partially expopeskbyi apfaperid én a palder nzakilayet whishdloesmat t he

metal |ayer, _jncludi . r.m.nal d. 14. o) ger k .20 onpri se
o acryi o of ks b8 SLbae SR kRS, BRAROL T Sodome ¥V hiBREL '
si | k scregnedoucis polpaeatiairice i niydrtforhzed ohtdlitiedst 4 portion 8fthe §RsdsedBY

al so be enpl oyed. An aperture 19 i1s formed in the solder, mask 20 to expose

a mounting paegbtheinstaligminal pad andonto atieasha gortian ofthg vartical sidgwallafthep4 10
shown dott ed. i “m{t@{d . 28
'Ehus expos ed%l@%ﬁ@%ﬁdﬁ%ﬁéﬁﬁﬁkﬁ%&%@%ﬁh%ﬁ %g%ﬁé‘?ﬂ%ﬁgzg I gr of~ t e%ggg@g%lr
bal | 24 fronmsaficaokhthegolder mask. pAternativelyf art dptiohamoncaidugtie pblynadr ngterfaidean t he
nmountin ad 28 that s exposed through the erture , the nountin ad
38 T's 1o or v e Beace hued B Theuogeding lop sRbiastishies mash) Aeppresiaver
mount i ngy@ad coffrides sl LIBRHIAE Ysper deod pdyeif AW é1Pds anl dpﬁ?ltrl]efl RlecRGp1AEd copper

conventi onal pr actices for pur poses o CQpraI’I son w t he pr esent
i nventi on anthyaomay be fonpedwayerithe solder mask, dito die apegurscog evertthe exposedeportion

conventi onal 1VID.s rate . 11.is. 4 llustrated i.n,the top.,vie f FIG 2A
Chorein ¢ oat of e YRRt [ioRel abd efid 1ok R P EihniBy b BcbShiytnito i cavgr,
nurber ed si Mgyar to¥nhdnkc&theAPetiability @ D&RE 60thé Rakink ped\srfieki Mie isslHer Baﬂ%a&'S'VD
substrate 11 and nountin ad 28 along the 20 section_ lines [IB--1TB in

FIG 2A. As ﬁtﬁgﬂuseowéﬁrq%ﬁrgﬁn@n&i%ﬁwﬂ)géﬁmsql a bl padsen saldes mygsk pr BRSS, t he

A N , Al s
Lhe'rol obS ve st ze bt Rt Ul ;A8 e lure it felort ilchon ploYfICE A RREY A 0| 1O
particul ar, hdvantaged\ TNt the MtérabpsitibraBloleringEloBan aftdched dollEr blhie lapelyt ur e

19" exposes the entire termnal pad 14, along with a o
determined by the tolerances associated with theé formation of the solder mask, similar

to the SMD solder ball pad. Additionally, the optional interface layer and subsequent
metal layers which may be attached to the metal terminal pad enable the solder ball to
30  attach to the vertical side surface of the aperture in the resulting structure, which
configuration may provide enhanced thermal stress distribution in the solder ball
connection. Also, the solder ball pad of the present invention also provides increased

surface area for solder ball attachment, as well as an indented surface for attachment



25 portion of the surface of the substrate sheet 12 and a portion of the
optional, adjacent circuit trace 16, such that the nolten sol der of the

sol der ball 24 can wet and attach to not only the entire upper surface of
the termnal pad 14, but also to the vertical peripheral side surface 26 of
the termnal pad 14 and the optional circyit trace 16. Al ong the vertical
side surface 26 of the termnal pad 14, the solder ball 24 attaches and
fornms a curvahidomay fiathenstrengtben tha bendbetwpans soldsr ball anddhe inyemtivstseldar ball de
surface 26 of ih&?u#%rm nal pad 14. It is conventional in the industry to

pl at e sol der PR PG Eint i ng pads 28 and 28 wth a |ayer of nickel, followed

by a layer of gol dhssnbhéradvantagyyitealdeotllipad kirteture bBthepiesél inventias
sol derability enhancenent |layer 18, to inprove the solderability of the
apem;x;{l?

pads. Al t er n®tqvidssyadditienal; usable fnseral sp prbsizaie betwgernadiacen seldsr babpagls

tin/lead, .or .sjlver tin .Qr t oxi i f the
net al sur? ac goroqrcyﬁgggegraﬁ%i g‘i‘fu‘tg%a8g§gﬁ°ﬁ%' He?@sggmﬁ l%ﬁgéd%é’ﬁ%w%gg%ﬁ%ge 4 side
Cr oss-sect i ofgmingl piid 64 the RebsBRS isdtits tht ared Goratthdhnimt fbe thesalder bally i éxegsspad
36 according to the present invention. Solder nmask 20 exposes an area of

the terni nal optg metalgadilaystarsa thotis gxpased wp thaselder maskapetitte, e siggef ther e 23,

Interface | a i: : - Al . 1.hal
pad as- vl |- Siel et RS 20 L8 Aobd Pt BOBRS oMK B8 B or PRy Bel
onto the topehpldyed betomrtmbdjsienf sobder bill pdds, Balesiedd. mask 20. Interface |ayer
38 may be used to_enhance the adhesion of the subsequent copper.]ayer to
the sol d&f mask 2818@lse a%?m%lﬁ@g ﬁa&ﬂ@@%wrg@?g}? %%EVFV%BBRQ%“%WB
F01073 or EO4firete dodetvR Ueflents Qe tfin SOIB0 bithloR Bondueiisicofidifotorllfe" f ace
|l ayer 38 may optionally conprise a netal plated using an electrol ess

pl ati ng sol uepary. xccardinghy uloe texne “sidey rell padi'ds ereemplariyend not linsitieg dfthesd¢ope

bel ow. 15 Co g&lr Iager. 48 .is fornmed over the termnal pad 41 as well as
interface Ia§ CPEeS ?tfmﬁngg%nt, t hus extending al ong the horizontal portion

of the term nal peaghe featites Sidtddvirdifics bf@WRtdset invehforbMlIHRIconB afpatéht @ef i Ni ng

aperture 23, and also onto the horizontal top surface of the solder mask

20. Coppé¥ | those ofigydimayy skilhiprthe art thougheonsidgration of drpensuisg descringien, thenhi ch

may be the interfac er. 38) f.ol . el ectropl ated copper | ayer or
20 may be ot Pi%cf’wpérlgﬁ?%ay&gy%s@ntgﬁ%ﬁp:@ﬁg?(ﬁ%a@gt. Further, nickel and gold

| ayers, collectively shown as solderability enhancenent |ayer 18 for
clarity, may be applied to the co er 48 to enhance the wettability

er |la
to solder of the resulting nBBHEL SGM%@NQ@@MM&S used to prevent
di ffusion of copp Ekgh : £ AR A48 thd r
sol der wettabili tg{.th[;rﬁﬁés‘ﬁﬁ%%%%ﬁélll m%%??‘a%:s?ufray r 3 ge cocg?)ée@epg%glrofd 8 and
sol der ab20 i t for2arrging ancthererventicyyer 18 t oget her conprise a sol der ball pad

| ayer 60. Because interface layer 38 a | as .the copper |ayer 48 and
sol derabil ity enhgiéggg‘?eﬁtatf’%%}”°f§,°°HYFé‘%PB§§mFOI§%1@ﬂ£a@n up the sidewal |
of solder mask 20pfefiBYsRReRRAE-54BnA IO BY SMIPES18erbaR pad SIRfwSIHFIGCEA Of

sol der mask 20, may provide a larger surface area than the area that would
be exposed by apeFlGi2& isa tomvigwiofgiconvenipng NSNBsoldler badl ppdr bal | pad, the

aceordingly 1 eauckl Bseambrnion Sl B KNS BRIy ar o

that is pxuafFi¢.@sa given S1VID nounting pad area, the termnal pad 41
formed fromthe netal |ayer deposited on the surface of the substrate sheet
may be smal | er thBIG-Brheisademyigy of gagmbadigientef theselder bal pad stpgtyre of the
configuratio g . the size of termnal pad 41 may allow for nore

| at er al spacéregéﬁgw&g}ﬁ&g‘dj acent term nal pads to becone avail able on the
surface of sheet RK5. 3Byiswaideetossxeotiohs]l view yf arsahistelimbatlof thradidepyall pad0 nmay
exhibit a dianmeter of about 0.33 mllineters or larger and a total surface
area of aboustrustweshaymindl: 3Aj meters or greater. 5 Moreover, the

conbi nat4pon of in face | I and..sal b LV
enhancenéed;t Iayerh% 4%‘;13 act@/n%%?"g’g"“%gnu tg él'fl %’?eéﬁ(?fa égg?ll ﬂugtﬁogtvﬂ%%%?h@oélycmt

i nstance, eaticek aytenid betwedretwioSMBdsoider ball motustihgaradsts t o | nprove sol der bal |
bondi ng characterjstigcs. Myre particularly, .the interface |ayer, 38 may only
be deposited overFﬁéﬁéﬁﬁa’é‘F CF@%‘W’?@?“HF"‘%()@&"Swgé‘ﬁgﬁ%ﬁmﬁaﬁ?@%ﬁlﬁe

sol der nmask %%qngm_m. the subsequent |ayers thereto. 10 Similarly, the
copper |ayer 48 and sol derability enhancenent |ayer 18 may be configured in
different arrangenents as well. Furthernore, aforenentioned |ayers
conprising the BPS sol der ball pad structure nmay be di sparate areas that
are not contiguous or continuous. Thus, it may be desired to form separate

copper regions that formthe copper |ayer 48. Likew se, separate
sol derabi l ity enhancenment regions may, in conbination, formthe 15

v 1



20 include BT832, MC, MCL679, FR-4, FR-5 materials fromH tachi Co.,

Japan. Suitable and exenplary flexible insulative sheet materials 12 for a
BPS substrate include polyimde |ayers or fibers such as UPIL, EXT"' from
Ube Industries Ltd., Japan, ESPANEXT"" from N ppon Steel Chemi cal Co. Ltd.,
Japan, and KAPTONT"" and M CROLUXTM cormer70i ally available fromE. I. Dupont
de Nenours Conpany, as well 25 as Pol ytetrafl uoroethyl ene (PTFE), and a

| i quid crystal polFYGESA akdp déwof asadabalh padaindigutation of the ptes¢nninvehtiat " as
used herein enconpasses not only a_ self suppO{ti ng, structure but a | ayer of
material suppddicredy o Gl fraees skiend befween taloselderbRinauntioesats. o AUS? from

Tai yo, Japan, and 3 F: ially
avai l abl e materi a ? ?élg %g%bs{l(ga os-rg%g&sﬁeoﬁﬁlnv}%%?%lﬁ%%gﬁgg?&%lﬁﬁﬁgg?%r a

ri gid BPS sulpsdsemttieventibitstibivn iABB2154nd PSR8000FLX from Tai yo, Japan and CFP
1122 and CFP 1123 omSumlite, Ja ar lLary. material s .suitable
for use wth fIexfgqt"e&gs}f§@Hmrﬁ.‘]ta@gémﬁ?l%ﬂe@%?ﬂcg .atga f¥®nal swD
substrate 10 6anf irgtds %Etb&f‘béi‘@é’én%otmbﬂﬁfbaﬁﬂhbuﬂ%ﬂg%ds@g pads 28, forned
by apertures 19 defined by sidewalls 21 (FIG 4B) of "sol der mask 20 that
expose nounting pEYS. @ istarsedetczosyisectionpladew ofithe HISMIA soldert hadl pad isenfigirationheet

12, respecti Vﬁ| B’-s[l%iﬁ gi stance between term nal pads 14 as well as
t ol erances i ﬁqéé'lrb T ‘ﬁi’ ng the term nal pads 14 nay substantially

i nfluence the a”DFIGS.@fAﬁ:R%‘gEMhWitWEQS RRPisbd PRl QAIBEs \BtidabeieRs 3P and
32 extendi ng between sol der ball nounting pads 28. The spaci ng between
traces 300 andiffeperit smbedigrentsiof thefpresentinyentibar of vari abl es. The di stance

bet ween the cente fo i he rm.nal pads_14. teraed."sol der .bal

i tontr the ter m FRTSSAM S5a ah RN brodeFLARY for38mEitE R RolochBsh o,
nunber of copghutdiire 6 tHelpaesest invdatibh Gsih@h esrtuctivl polyn& nteffadedayerng conducti ve
traces 30 and 32 and term nal pads 14, as well as the solder ball pad

desi gn all may i nFIGSdpiatrplacement ofp renconductivg pabumerrinigraeedayssin p| acenent
of conductiv S | ation to the term nal pads 14 on the
substrate shgce(‘It'o{-(!?iagl.8 ‘Ivﬁﬂa |‘tas|%§tnl,ho?l{n%|h’s commpn for the trace thickness t to
be equal 150 the sPpH&S.ri§Ahtongk MODkiepict afimsexeiipldry frocdds flomofos famdingihe
cross-sectional, view of the S substrate 10 shown .in FI 4A, but al so
ol vt me! nrisadentisll Fad strictis o Be HERE Ve fiol BB FIeA o s P g DRt ned 1t o
the |eft-hang,poypji ng pad 28. The distance d between a termnminal pad 14 and
conductive tracé 30, conductive trace 30 and conductive trace 32, as wel |
as conductive tratK:8a1Arttroaghi e depict msencnd gxauhplaty proceds dlaw, foF forméreggstbe of

illustration race or line 20 w dths .and .space wdths.are taken to be
substant ai | SI0frE pAR smishGe Spies piFsaRBREHAL RIS ALOCEIANS AR ecr ot her
trace or2@ tpgee and a termnal pad for SMD-type sol der ball pad

configurations, nay be determ ned by the foll owi ng design rule: "pitch
-1'dia - 2 Tol d SMD = N 25 Equation 1 Where: dSMD 1S the spacing between a

trace and another tra ARR @ﬁﬂ@nﬁﬁ ah 1S the
sol der ball pad pi tchfé%or %@ggﬁggogg’?mewge centers o N’?E%Ntvm pads. Pd;
B i s the term nal Refetling agaitte convbationad ptabtices v previde almgre detailatipdsistfot er ance.

-12N is the nunber of ,spaces and traces required. Applying Equation 1 to
FI GS. 4A andCorpparizpy m‘ié&wre&rnamwn@m@né ngkingagy Wayan ﬁ@ﬁ? of thes$60P¢m 5 Pd; B

= . 300 M9 Tolhefeof, 48, IMis a top view of a portion of a conventional SMD substrate 10 having a
solder-mask-defined ("SMD") solder ball mounting pad 28 formed thereon. FIG. 1Bisa
cross-sectional view looking into the SMD substrate 10 and mounting pad 28 along the
lines IB--IB in FIG. 1A. The SMD substrate 10 may comprise a sheet 12 of an insulative

material, such as bismaleimide triazine, flexible polyimide film or tape, fiberglass,

30 polyimide tape, ceramic, or silicon, or, alternatively, it 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 substrate sheet 12, then patterned using



N =5 (As can be seen in FIG 4B, the nunber of spaces "d" is 5 for two
circuit traces and three interveni ng spaces between pads, assum ng equal
spacing and trace widths) 10 _ .650 nm-.300 nm- 2 .050 mmd SMD 5 d SMD =
0.050 mm (two circuit traces) 15 Conparatively, FIGS. 5A and 5B show a top
and side cross-sectional view, respectively, of an enbodi nent of the BPS
substrate 40 of the present invention. Alt&frough none of the draw ngs are
drawn to scal ' ; Is ; ' he BPS
Tounti ng page SaT PASICRHBtaphy |(URAGRIRD AU AL I WSy PSR s
subst ant i al | ynemgeatuit tradeh &6 (showh bpgotpetlir2s) exitendingdrosmivin aldiGon ththe kivowit/er |

the 20 term nal s 4 th S subst,r. 40 are smaller than th
t er m nal padg:fafﬁspﬁé’j apﬂpie%ugﬁ-gggr%aﬁl@c?i%wg‘hé%&o Elr@ﬂmﬂﬁe"éﬂﬁ Fpuna; oo
Lhe BPS mountj,nq1 RatisnsBpiife LAEEG: BELMSIAE haPISM R6A iRfhddie sol der mask

20, their outer extents not 1 nfluence the placenent of conductive traces

30, 32 an@ 34. | nAmmdylatitedayamid the fortreofisoldat mpskoR0) id formed omér thevmEtat layer,
addi ti onal spagi r ,addi tio onducti v races to. be placed between BPS
35 ter i nal  pacludils Hesfnipalpad £ 68 3o i Ao Gy aintag S berllic TR TR
sol der mask ZHiastit br, MB¥mBEvely, @ efo%F TR thaPis dilIREREREd BF spi-Bddleddn @RE she@psd, 0. 3
mm and preferably 0.35 mmto ensure good solder joint reliability using BPS

nmount i ng padsA 9 filim sedder meskymex alse b employed | A aparture His fermedpm thersgldar dt h.

Determ ni ng ¢j | - f P$sal l, ;pad .coni.i i on

of the 30 prgg%%? bitt(r)lé’éf\bg ig%ﬁ{%gr%/ ea(a 8%%%)%05% ﬁ}gedfe%lg&ﬂg’%lrj\é‘tﬁ%ﬁ&tslg@ r]%Lﬂ%afltsed

for SVD 9! deshdwal dotted th EXGNflIAY iy ddfablddse ohfvBE®sn the hmuhﬁﬁgrif)mm; tRalexpoged. may

be reduced. -13For i nstance, appl é‘l ng1 the design rule of Equation 1 to
CEA

t he enbodi merfingsrthe spidesmask 40 prevems derefithe solder badb24 Eamattgctamg tognyh
assuned di mensi,ons : =N = M = . | .= . 050
o N =7 ( e POURL ¥ el 4B PPy i odlihd 26 s gl Glatine {0
t hree circui taperhae @8, thélﬂloﬁtci)iﬁﬂg ﬂaﬂtzeris/tgt’éﬂ‘eg t6 mﬁﬂddﬁeﬁa&hﬂeﬂ?ﬂiﬁ?l\m&%m
-.300 M- 2 ~ . 050 mm 10 ps = 7 s = 0.057 mm Accordingly, the
present i nvefPidgHP °%‘§SP@‘E§ﬁdF§?EPTég§€He'nunber of traces to be 15 placed

et ween 0 sol detiy Retr BRGFB of BShvBABSHANbrab e R bR o BoBRiARARM"

size d may renmain substantially identical to the spacing requ
convent i onal theprdsephiigertmniand net inany way imimisationaff ther ssopsstheieef, e benveational

Al ternativel ditio Spac e, used t vi de additional .|ateral
cl earance be SPh%Ia eghels ﬂﬁ’ﬁﬁ@ggﬁ}tk)‘? foR A 0? ﬁﬂ%aﬁﬂg&rg@e a@'}'eéls’.&mk?égo
result. 20 Feliose%aiBSHMD 6ilbitai100f FIG. PPaesRhmMered Bithilar§ORIG. 28riah bRRs-0f the
present invention wherein two traces extend between two sol der ball pads,

t he spaci ng segtiobal view okingduto slse INSMDbsubstrap 11 and-modmngmad 28 along the
20  section lines IIB--IIB in FIG. 2A.

As may be seen from a comparison of the two sets of figures, the respective

mounting pads 28 and 28’ are very similar, the exception being the relative sizes of the
apertures 19 and 19’ in the solder mask 20. In particular, in the NSMD mounting pad 28’
of FIGS. 2A and 2B, the aperture 19’ exposes the entire terminal pad 14, along with a

25  portion of the surface of the substrate sheet 12 and a portion of the optional, adjacent
circuit trace 16, such that the molten solder of the solder ball 24 can wet and attach to not
only the entire upper surface of the terminal pad 14, but also to the vertical peripheral side
surface 26 of the terminal pad 14 and the optional circuit trace 16. Along the vertical side
surface 26 of the terminal pad 14, the solder ball 24 attaches and forms a curved

30  attachment surface 29 with the vertical peripheral side surface 26 of the terminal pad 14.

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



25 Pd;a = .150 mm Tol = .050 nm N =5 (for two circuit traces and three

I nterveni ng spaces) .650 mm-.150 mm- 2 ~ .050 nmd eps =5 30 d Bps =
0.080 mm - 14 Thus, the present invention may enable nore traces to be
formed between sol der ball pads of the present invention and/or
alternatively, increased spacing between _ag_trace and anot her trace or a
trace and a termnal pad, as well as in circuit trace width, in relation 5
t o t he convens saderabiityEnbanteoent layprl &} toamproFe &8.solérahility 6fBhe hads. a

conventi onal MD substrate 1 erein t races 2 extend between
Cheter i nal AVrRdyay: ehaalgats Vv g bt 67 §oxdlell i fer et aies (o

term nal padgodithgs! Sy B trdddSo prbvé oRidaGor GTURS Bl Rafise SBthe tekthfaal 6B shows
a side cross-sectional "view of the solder ball pad configuration 10 shown

in FIG 6A, Ipad14lso including an exanple of a solder ball 24 (not shown in

FIG 6A) attached left- mountin ad 28' . .The di stanc et ween a
Lerminal Bad 14 aRiOSo et T sy Alke 38 s Sreitreeen G el e Bes SRR P e
trace 32, as wilidold¥s bsIPABUAgRIBEAECrdidg B Wle Prebétt ivationd Bbldef miask 3own.

D stance d, the spacing between a trace and another trace or a trace and a

terninal pad expesespares ofithe tarpingd pal 4lson insulativgarataripl shegt 12 by wawlof as t he

spaci ng di stance b t J i '

Corm nal pad AT A Al 3 i et B bt AR S il e B R

t he design r ik &ell@as speadihy oito BeritivaCdde a3l chlecapaftiterdand on@rthé pl  Si dewal |
of an aperture, for instance vertical sidewall 21 of aperture 19°, and the

near est 30 dewharizontsl surfageof the solder mask Ah daterigeslayes S8 yeayihedised toenhangethest ance
d, f the N . ' ' ﬁrﬂm ' 68,
may gre dete er %Mrll%%?%gdﬁﬁseﬁ?ég:u F@\%mgﬁ%ggg s g:@%ﬁ?%:r _ sp(l) ?lgﬁa%{e’%er ucr%g%ngg 2

Tol - 2 C d MNbkpoxyrsuchtas 3TV SORSEDN 72 0r BOt @NDfiom HakebboatiteiGolpetatienn a
trace and another frace or a trace and a term nal. fPad. afﬁi{‘% 1S the sol der
bal | pad pi t &Pmnestiop; dnigHiaes lpuermsomay prfionafly spprife 3 metal Rigtedaising 2o
Aperturea;a 'e?efglg:ﬁssaﬂﬁﬁﬁg‘&ﬁut%x%ﬁ &ndudtle gobyrhdiasSdilsEls6daa nd2@ aletan ‘B@%gvs. .

t ol er ance. 'S th(_a trace cl earance, to ensure t.hat t he sol der
covers the tCopper layer 48 ihformerhiresr theftetminal@ad A bauwelkds mterfaclagend8nifng spaces

betvieen Lo oLl BHBSt Rl M A0SR noe ki pSBTR e HRRL pRO4 TR She? 1
sidewall of the solder mask 20 defining aperture 23, and also onto the horizontal top
surface of the solder mask 20. Copper layer 48 may comprise an electroless copper seed
layer (which may be the interface layer 38) followed by an electroplated copper layer or

20  may be otherwise formed as known in the art. Further, nickel and gold layers, collectively
shown as solderability enhancement layer 18 for clarity, may be applied to the copper
layer 48 to enhance the wettability to solder of the resulting mounting pad surface. Nickel
is used to prevent diffusion of copper to the solder ball pad surface and gold is used for
solder wettability. Thus, optional interface layer 38, copper layer 48 and solderability

25  enhancement layer 18 together comprise a solder ball pad layer 60.

Because the interface layer 38 as well as the copper layer 48 and solderability
enhancement layer 18, due to their extension up the sidewall of solder mask 20 defining
aperture 23 and over onto the outer surface of solder mask 20, may provide a larger
surface area than the area that would be exposed by aperture 19 in a typical SMD-type

30  solder ball pad, the size of terminal pad 41 of a BPS solder ball pad structure may be
accordingly reduced. Stated another way, to achieve a final bonding area that is equal to a
given SMD mounting pad area, the terminal pad 41 formed from the metal layer deposited
on the surface of the substrate sheet may be smaller than the terminal pad 14 of an SMD



ball| pads, as shown in FIGS. 6A and 6B, the spacing may be determ ned as
follows: Spicch - .650 nm Aperturea;a = .300 nm 10 Tol = .050 mm C=. 030 nm
N =3 (for two traces and one intervening space between traces) _ .650
mm . 300 mm 2~. OSOMm 2~. 030nm d NSMD - .. 15 d NSMD = 0. 063 mm Referring
back to FIGS. SA and SB, the BPS substra_tfq_élo of the present invention may
offer increased spacing distance between el enents formed on the surface of
the 20 subst calNSMieon neBedusingthe Sreoktamainglpad 41 maynallowdongmp lateral

substrate 11 for.,an equal n er of circuit tra : S sin t S
rount | ng. pad B850 Eeet Gl e 1o e bHARERion e el S5t B
nount i ng pad wilyzf ck@iple bhlg] sokled Hill faclapst 66 nfYWrhibitd dMm&ersFaBoutlomn t he SMD
nmounting pad 28 and/or the NSMD nounting pad 28 sizes. |In addition, the

BPS subst r at aillgne¢rs prlargst andeaiotal puréase pxsa ofreBoub P08 square milimetgrsxy greater.

flexibility in degj ' ngi | t 1oFOr, I st ance, a
BPS sol de# bal | pzdlo& %‘f/ég’?hén"g};ﬁ bgﬁéa?%gg)f F‘g{f&gﬁ&&gﬁ% ?é@g# ﬁ?%rcﬁSé%gdeso?%éﬁgﬁyf ace
area for att afilinéegment 3l €8 maptdbmpricerarheltituld b€cqidighiativhsa Hoy instnBESacio! der

ball pad | ayer may be configured with scall ops adially extending fingers,

. - r
apertures, ofayst mey RF famed hislacted areay toimprovsiolkder ball bonding-characteristivss f ace
area or inpr Fale? IS | I tHnoN
fhereto. 30 Bidte pafichaE A0inkpREARYE 8T o] be BerbBtddivel e sollB M 20
expose a por ot overaélettbdpdreions ofahe soddér sk 2@ wrenchordie subsaqusnt! laers thedeto. i n

conbi nati on th the solder ball connection surface -160f the BPS sol der
bal | padl@aygmlax d iceaaﬁr|1§xeré%m1¢aioi<§r4biﬂﬁ§ eganggment laysi B @igibe eonfigur
copper, to defj: | r r mask
pat Cor ni ng, - 3 R HRrgBpafi wOE o MORIERAGELIAE R (e
t ol erances aBPScwiiar kall pad stmctBienamobeddispaosé hreathattareygot gankiguous-or@ntidubdus.
through 7L show different. e i ments 99, 101,. 10 05,, 107 and 1 for a
BPS 5ol der bARHS: SRR TR ARSIrELI0PITE R EERE T OB R AR A OPREL e 881 der
bal I pad |ayq51ke5@se9§éﬁﬁfat§é%fde9&bﬁllt?@ﬁianbéiﬁ&fti' siniiein cddabisadiBRSorh eer 48 as
wel | as solderability enhancenent |ayer 18, but is shown as a single |ayer
60 in FI &5. saldembiittgnhancemsnt layairl Bt ylsorpach layenisaiol repBirehigbedbsttiersigetas 09

i ncluding a sl akl. . . | r iR a circul ar
area wher ei n%&'ﬁgﬁ&%@'dgér ‘ﬁ%ﬁ‘?&g‘ég E?lg%éllr}lg Oe%;ﬂzrllr(k: }d{ gfslla quﬁrgd teé(?eél agﬂtocthe

t her et hr oughvegisficidend tier opp&Qayet 48, Mdyaixtend datérally AlopgthdGuisshiite siffheede a

sol derabi | i tg enhancenent |ayer 18, although this is not shown for clarity.
Thus, a sol dBgyosdiertherithe.copper layer g andp agelayeald. pad enbodi nent shown in

FIGS. 7A and 7B ggmg@?% %{df 'xéﬁggffﬁ%iggnsm% Lt MariA6 12 BB GinbRde 36

conprising area er
20 include BT832, MGC, MCL679, FR-4, FR-5 materials from Hitachi Co., Japan. Suitable

and exemplary flexible insulative sheet materials 12 for a BPS substrate include
polyimide layers or fibers such as UPILEX™ from Ube Industries Ltd., Japan,
ESPANEX™ from Nippon Steel Chemical Co. Ltd., Japan, and KAPTON™ and
MICROLUX™ commercially available from E.I. Dupont de Nemours Company, as well
25  as Polytetrafluoroethylene (PTFE), and a liquid crystal polymer. It should also be noted
that the term “sheet” as used herein encompasses not only a self-supporting structure but a
layer of material supported on another structure.
AUSS, AUS308, AUS303, or AUS7 from Taiyo, Japan, and DSR2200 from
Tamura, Japan, are examples of commercially available materials suitable for use in
30 forming solder masks 20 for a rigid BPS substrate. AUS11, AUS21 and PSR8000FLX
from Taiyo, Japan and CFP1122 and CFP1123 from Sumilite, Japan, are exemplary

materials suitable for use with flexible BPS substrates.



15 layer 60 including side surface 71 and exposed area 90 of term nal pad
41. FIGS. 7C and 7D show enbodi nent 101 i ncluding a solder ball pad | ayer
60 wherein solder ball pad |ayer 60 includes a term nal aperture 82
exposing area 90 of termnal pad 41. In addition, scallops 73 are forned
circunferentially about area 80 of solderHFall pad | ayer 60. Scall ops,
fingers, spokes, or other |aterally extehthnhg shapes nay 20 be advant ageous
to increase the sHlGatesivea @hvaitiond SMED subsatted 0sohfigirativml Hayvingswogbdlderns
provi de additional vertical surfaces for t achnpent, of sol der hal
thereto. For balmeyntng pads28,Zpmy We%%v?éﬁ%%@mﬁ@e‘i’ %Qﬁd‘ﬁ%g’fa sol der
bal | pad | ay o atdxhose Bt LR tG il PARI 1

t erm nal padgg?ggﬁ e§?g%§fﬁ§ g?enéﬁ?@ﬁgl coﬁ |éur %ﬁagnggﬁgrﬁgegg?gﬁﬁing
el ement s genehext 13, respertiieyi. Chileldjstauce hetgyeeh @fmmblpatis dpes well es BRranbksin, as

di scussed_herei,nahove, since the centroid of t nmounti ng surface,of fthe
Sol der baf| BatiPHRE e Bunal R Spemey %lﬁster_rﬁaﬁlﬁénr}@wp% © RPNt of Spach i Which g
the sol der bad hoghiith Bhdidive BaG&380End BY BEARL bétWee idé%mbﬁbbmg%g,a?%\g@r 60

may be tailored to position solder balls as desired or to corr
i naccur acy i The kpacpigdetmneenttracds Hyead 30 iedetérmindddraw h demba&mfivariablé0 Thivbr e

specifically,.in t case where | der .mask. pl acenent | S .pregi se than
soider bal 1 Hititesewegtiie Srnes obfie (RS BEOM BaR salder bR hn e
used to COrr @ginkpaddia@etet, e ddAdSRive Bhcdckndia s themMter bEcdtdaseRAkes, ThUS,
each aperture in a solder mask 20 coul d be neasured against a desired

pl acement( aitht lateeshtalérencedn Guminggondyndive traces B0apé 82 8ud sonindl prds dft.siveetled i n

order to corregct far .the vi.at [.on. recti on nma ur. pri f ormation
of the sol defS g |S?ﬁ5’a%a}ﬁ| P§§§ sighell gy, @“&‘E"e"r‘k’%?"é‘c% difigmave ar%f&’{,‘{egef“

det er mi ned ppia@émén of edrdubye thRes30 &lRir324a kélatido kiayeimifisl padd M éhesubstrat e
and the position of solder ball |ayer corrected accordi ng[éoy$ Al ternatively,

the sol der baphstrptgsheeh | Ingidigiongit scomman far the drapeidrickagssibéo berguaktodhed t hen
the solder b . y be nodified to position a solder ball in a
desi red posi Jgh&abgg&@eﬁlgﬁtg%g‘g? | aser abl ation, selective etching, or other
renoval p§ ocessesFiayBRshowsadidearaselsertionalaligw obitie SHID bebstrated Oghovait frac hnent

of a sol der I d, .and us adj ust. pl.ac t.of a sol der | attached
Cheretor Fi cRI-AL Bitelst mehineRisutiment 080 Pt Rorghavmps Coral: bal)
pad 10 confi gudcatd Rﬂh@feﬁtﬁhﬁdﬂicﬁﬁﬁﬁ@ pad e MHeQfistiMee UDetteh aRbmmiRd Bhd W &1 77

are formed in solder ball pad | ayer” 60. Apertures 77 allow a so?der ball to
attach to t heonductivectzdce S0 ondudtive Graée 3Q sndsconduntize tracaB2, hewslliaf conductivea of

ttach t | Il . t 77 h . th .
ol 1 eunt er ent fage St dneff Rt st 55y SRR AT UBR R Breogplive mask
20. F G0 71 wadif il e Raos it o 50 Subohikial 06 samEPSishabegrinbglabingad 15

configuration of the present invention where individual regions , 95, 97,
and 99 of sobef¥eebairacennd apothertrasg opa tragsy gndadermipal pag &&M‘grtm Didepball he

bl 1 wi |1 P ep g, PR R uRRRto Y we Wb RBIERIG, PEICT 10000 (e

side surfaces of regions 93, 95, 97, and 99. Such a configuration may be
advant ageous to provide nore surface area for solder ball 20 connection.
Many al ternatives are possible, apd thmprégaﬁfth&ention isnot limted to
any one configuration. Individual %8l der baljy pad | ayer 60 areas in
conbination with termnal pad 41 areas may form a nounting pad 36. Although
t he presgnt invention has been described herein as generally configured
with a solder ball pad | ayer 60 that caqnfor to 25 the sol der mask, thus
creating a vertical depression consist Mendh the aperture 23 in the

sol der mask 20, the vertical surface of the solder ball nounting pad 36 may
be tailored as desired. For instance, it may be advantageous to formthe
sol der ball pad Iﬁ@@ﬁ560 so that it is substantially planar on its top
surface. Converse y . # rt] sion
or tailor a verti%%Pl%%B@g%ﬂg%&%@%g%ggﬁ&iuﬁg% @a%%%%gjl??gégéﬁga?ég'or
30 to pr3owte bongsisthasslderdallipad gitc) ar distance Isdtivesn the esreas of the G&o pads. and
7L show enbodi nent 109 incl udi ng.a BPS sol der ball pad configuration of the
present inventi ondfEligt pagdiamelsEy | ayer 60 forns areas 80 and

i ncl udes apertur i : espective areas 90 of term nal
pad 41. Such a ep%g%%%gggﬁég%Fkﬁﬁﬁgsﬁgﬁ%@?ﬁ% addi tional surface area and
vertical sidewall attachnent of a solder ball to areas 80 as well as
provide an attachnent area 80 to term nal pad 41. Thus, the nounting pad 36
of the present invention nay conprise areas of solder ball pad |ayer 60 in
conbi nation with areas of termnal pad 41. Referring nowto FIGS. 8A and 8B
of the drawings, a first exenplany process flow for fabricating the

o o, S S - o N ”~ A I T S




interface layer 38 may be applied by stencil printing to cover the surface
of term nal pad 41 exposed through aperture 23, the sidewalls of sol der
mask 20 defining aperture 23 and the top horizontal surface of sol der nask
20 to forma collar of the polyner around aperture 23. An el ectropl ated
copper |layer 48 may then be formed over interface |ayer 38, 15 followed by
el ectroplating of a nickel |ayer 18a and-42gold | ayer 18b toget her

conpri sing sol der apiglihd Yurfisdp re&ﬁm all as shown in FIG 8B. It
is also contenpla?gitkigt a ﬁgﬁgﬁﬁﬁﬁgg?%gée Iagér 38 may be applied by
stencil printing, followed by electroplating of the copper, nickel and gold

| ayers. Referring to,FEl 9 .of .th i NQS,, an,optional. interfa | ayer 3
8 to enhance 20 amxl%GEﬂ'@t‘Pﬂé Q E{Cﬂ%?ﬁf,ﬁ@@w nh\fgs g?b‘ﬂ?’i‘sé%‘siaﬁ&ﬁwgs’f orm
of a nOHCOHdUCtiVQ%gpQ&ﬁO%Mﬁh as the aforenenti oned HYSOLE01073 and E01075
conpounds or other suitable polyner by stencil printing over the top
surface of sol der Bamzk3®0onmur r oundi ng aperture 23, |eaving the exposed area
of term nal pad 4§§ﬁgdo$pe si dewal I s of solder mask 20 defining aperture 23
free of materi al [ I"™8® of the use of a conductive or nonconductive

pol ynmer as an int ey £3qasRuPEEsen il KIG. ABYth hEmBEChbfapaey “Se §ifed twdi dirkeit ent
paths. Referring to FIG 1 OA a "coverlay" element in the formof a dry

fi | m phot or edfases anddhrep brervéning spacesdghveen ppdsraspumingapalispering/and tese der nask
20, patterned .hy exposure to a required wavel ength of |ight through a mask,
devel oped andwg%?fions of the dry film surrounding and extending into
aperture183 30 renoved to expose term nal pad 41 and define annulus 102
surroundi ng aperture 23. If a nonconductive polynmer has been used for

adhesi on enhancement to sol dej mask5@wm 800w a2 r@¥HY™be present on
annul us 102. As shown in FIG "%B a copper ssed |layer 104, which may
conprise a netal interface |layer 38, nay be electrolessly plated over the
dry -19filin photoresist and into aperture 23, covering the exposed
portion of term nal pad 41, which sgeed_| r may be augnented by .
electroplating if desired. Dry fil waé’i‘@é’f’%t 100 is then?tg‘for%,rﬁblégaﬁls}
mechanically or chemcally as known in the art, renoving with it the
overlying copper and | eaving the copper |ayer 48 within and surroundi ng
aperture183 5 coniGeaipafdivelel FIGREARad SBlshawd o bedhdidgossRbtidpeview) € 23 as
a collar over the top surface_ of solder mask 20, as shown in FIG 10C. A

ni ckel | ayer raspsctisly, af gormppadipert of the BRYsubpeite @ okthe preseiineatiotont o t he
copper | ayer kot leay: e the
structure of /g@ohgl} B@%ﬁfﬁ%{)&jﬁ\?ﬁlﬁ%bﬂg% @gt&ggsaag o%reif?iy@flsga%i@ggpﬁ%ggh@}t her
process sequahcszend thedBRY mongingpadd I8, ad defined by apartires 2, respentivalgare shaviil O

polynmer interface | ayer 38 ot shown) be appli to,sal der sk 20 in
an area surr&ﬁﬁ%ﬁ ué éﬂP@ﬁé%§§F°Wﬁ?§PPH2¥s@8§%§BVW¥ C%gAmﬁ%W%ﬂFgﬁﬂ%
presencesnf QiR %hdsﬂﬂmwl% 5tRirhte 40 af S RallepihBh thd%ernifal PadCid SHBSSMD
copper layer 104, which may itself conprise a conductive interface |ayer

38, may be appbstiatt Oshows in BIIS. 4AsindAB. Sincedhe BBS mauatingpads 6 aveformed:
exposed portig f.term nal..pad,41. verl ay elenent in.the 15 formof a
ary Ty photcBRuBt e Sp A sl Rtk S5 s SR Al e Beek e oot v
mask 20, pat tphicoRentf ceaduetv eack®3G 32Qad A e thstwad ahe fdller Grmidabpddstdhimedigh a
mask, devel oped and portions of the dry film surrounding and extending into

aperture 23 rlawferrddiionxsbacing eradditionalrenductive tracesde beplaggihetwesniBES

S Oua 6RO, Bt pi, T BRSO RO Bl S5k B3 RPN if 21"
exposed coppefiayibe, fon Bxdnisle, Ailametecor veidtheotak least@i3 mal arlprafeablyAN3 Siek @i ng

aperture 23 and onto the exposed, portion of term nal pad 41 to conplete
copper | ayer ensire gaodsqkigpiqing reljabjlity wsing BRS apeinting pags %Mﬂm%m@wéuqt@w 18b
may then be : I : f9rm sol derability enhancenent |ayer 18, again
as shown in Ehéﬁ{ﬁ%géggég§&$7@@%photoresist 100 may then be stripped off
mechani cal | y or cDetdraalitg/circast thanospacidy of the BRS solder balh gad benfignchéon wf thg

el ectrol ess copper, | ayer 104 renoved by a soft etch co i SLn | kal i ne
ammoni a 381 uPrEFAiiRYeEEPRHMaY be ewenwﬁglﬁd&qsms Ruaion hapcbir %Nﬁﬂaﬁg@?baas
shown in FI : SO L Pt d nt ai ns many

speci fics, Ewg%éagﬁ@%%gﬂ%g?wE§§€%ﬁgtrugggggﬁi|n?f?%gﬁgﬁg'scope of the
present invention, but nerely as providing 30 illustrations of sone

exenpl ary enbodi ments. Simlarly, other enbodi nents of the invention may be
devi sed which do not depart fromthe spirit or scope of the present
invention. Features fromdifferent enbodi nents may be enployed in

conbi nati on. The scope of the invention is, therefore, indicated and
limted only by the appended clai ms and -20their |egal equivalents,




What is claimed is: 5 1. A substrate for an el ectronic device configured
for nmounting a discete conductive el enent thereon, the substrate
conprising: a sheet of insulative nmaterial; a netal |ayer defining a
termnal pad fornmed on a surface of the sheet; an insul ative mask extendi ng
over the sheet and having an aperture thergein through 10 which a portion of
the termnal pad is exposed; and a bond p&ﬁ'layer conprising at |east

anot her netal | ayeor imefai®] applifing &e desigh tuléoPBiuation 1 &f thekmbedipRacsr ther ti on
of the term nal pad, extending a sidewal I of, the aperture and over a

u

portion of t Ipsesehisnyetionshaygsiv Fé&ﬁa%‘b and 3B, witheasayaed dimensians a3 followes,
substrate of claiml1, further including an interface |ayer forned over the
at |east a portion of the exposed portion of the term nal pad, over the
sidewal | of the apggf+r650amd over the portion of the insulative mask

adj acent to the aperture and di sposed between the exposed portion of the
term nal pad and Hde=pb¥d™¥ad | ayer. 20 3. The substrate of claim 2,
wherein the bond pag-l conprises at |least one netal |ayer wettable by
sol der or a polyneric conductive material. 4. The substrate of claim 3,
wherein the bond Na# 7l(Ay ean boseen irsES. 8Bpiha hambernofepacert'd] is kever far, thiche
uppernost netal |ayer of .the pluralit ei ng wettable by solder or a 25
pol yneric cor?HGE‘FF@@Sﬁ%‘;@ufH}th%% 'Rﬁe'é‘fegnBPésél aim1, wherein the bond
pad | ayer conprises at |east one netal |ayer wettable by solder or a

pol ymeric conductive material. 30 6. The substrate of claim5, wherein the
bond pad | ayer conprises a pl yral i.6§0mm-nB0®hml-2-a050mmhe upper nost net al

| ayer of 1Phe plurality being ‘xmfabl € Dby Sol4er or a pol yneric conductive
mat eri al . -227. The substrate of claiml1l, wherein a surface area of the
bond pad | ayer is larger than a surface area of the exposed portion of the

term nal pad.
dpps =0.057 mm

Accordingly, the present invention may enable an increased number of traces to be
15 placed between two solder ball pads of the present invention since the spacing size d may
remain substantially identical to the spacing required for conventional bond pads having a
smaller number of traces therebetween. Alternatively, additional space may be used to
provide additional lateral clearance between the same number of traces; thus increased
yield may result.
20 For example, employing the BPS solder ball configuration of the present invention
wherein two traces extend between two solder ball pads, the spacing may be determined

as follows:

Spitch = .650 mm
25 Ps. =.150 mm
Tol =.050 mm

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

650mm —.150mm—2-.050 mm

d BPS = 5

30
dyps =0.080 mm



8. The substrate of claim7, wherein a surface area of the bond pad | ayer
Is 5 about 0.05 square mllinmeters or larger. 9. The substrate of claiml,
wherein a surface area of the bond pad |ayer is larger than the surface
area of the termnal pad. 10 10. The substrate of claim9, wherein a
surface area of the bond pad | ayer is abOﬂé 0.05 square mllinmeters or

| arger. 11. The substrate of claim1, whet&in the bond pad | ayer partially
covers a top surface of the termnal pad. 15 12. The substrate of claim1l

|, further conprisin sol der ball attached to the hond p | ayer. 13. The
SUbstr at e of o af TS e pTEieal HVEEn SRVABOIEMOFS FaseS ALE ﬁg@%ﬂﬁwﬁ@w 20
surface of thgy ge&dofn re@¥Envention andBr APSkiVAL SnGbasell %Jax%%enméra%eet he

solder ball is attached to a portion of the bonhd pad |ayer “extending over
t he insul at i \and apetker tEe ¢6a trideand absminl padhs welhasinTircuihviragesvidth, inrekatibnler

ball is attached to a. porti of the bond pad | ayer extending over the
i nsul ati vé rrg‘% _ec%yenﬁaﬁgalgbﬁgp?éﬁo&%gpraﬁp% m 1, wherein the bond pad |ayer
conpl etely covers FRaGEgA gt 6BSIROWA cdriventiRaINSRID Addtratd?1 Wherell vottiesd J(at €
of claim 16, further conprising a solder ball attached to the bond pad

| ayer . - 23nd 33 extendbetwben thatesmikl padailn FIG. 6dhshowisapethuessI' exposinglthie i s
attached to a vertical surface of the nd.pad | gyer. .19 The substrate of
clai m 18, V\héméqe_ﬁe 1?8#%@? nga@sé??m&jmp@ g[%ﬁ?%n of 5 the bond
pad | ayer extendi BYGOHREhIRS didtTrdRisbitPniBay ofBe sdlaér &H%H"c@ﬁﬁgu?ﬁtioﬁ' arm
17, wherein the solder ball I1s attached to a portion of the bond pad | ayer

ext endi nd0 ovehowmin Flks 6Aabutwalso imcliding €1 examplehef assolster balt 24 @bt shiominiin 1,
wherein the d_pad, | r.is, sybstantially,ciycular and has a di aneter of
About | 0. 33 it Ger Bee p archaid Bisiithe ad i The afho Lherpind etBRl: n ¢ ne
aperture Is E)tﬂ(li’ﬂﬂﬁﬁé(ﬁfdh&ﬁv‘é'uragé‘ﬁ(ﬁgorllcﬂtéﬁ%acym a8l Bsidueive dce Bb 2sel

wherein a centroid of the bond pa ayer substantially coincides wth a

desi red sol deondugtive parsilRiand a twinalhad His showan. eDistance dithe §@cing between a

el uding 2 gol dt, Bahl BlLACNELd S 18RS

ace and a ennlnerzl%aﬁ,aig sg Xgriu'nonly used as the trace

15  width as well as the spacing distance between the vertical sidewall 21 of aperture 19’ and a
terminal pad 14. In addition, in an NSMD-type substrate, it is common for the design rule
to specify a clearance distance between a vertical sidewall of an aperture, for instance
vertical sidewall 21 of aperture 19', and the nearest sidewall of a trace, for instance,
conductive trace 30.

20 Distance d, for the NSMD solder ball pad configuration shown in FIGS. 6A and

6B, may be determined by the following design rule:

Sy — Aperture,, —2Tol —2C

d ysup = 2 N
Equation 2
25
Where:
dnsmp is the spacing between a trace and another trace or a trace and a terminal
pad.
Spirch 18 the solder ball pad pitch, or distance between the centers of the two pads.
30 Apertureg;, is the aperture diameter.

Tol is the soldermask positional tolerance.



20 25. The substrate of claim1, wherein the termnal pad has a | ateral
extent less than a |ateral extent of the bond pad |ayer. 26. A nethod of
formng a substrate for an el ectronic device configured for 25 nounting a
di screte conductive el ement thereon, conprising: providing a sheet of
insulative material; formng a netal |ayefjsdefining a termnal pad on a
surface of the sheet; formng an insulative nmask over the sheet having an
aperture therein éxisdks imagesleprancd, tnenstretthas thesoldenmpskonersshectr®. f or mi ng a
bond pad | ayer conpri.sing at ast _one tal | ayer onto, at | eas portion
of the exposed poﬁ)fsc;ﬁel& ‘B"t’iﬁﬁ%‘iﬁﬁ{%w‘g‘?ﬂlﬁn &Vteﬁ]r‘? isﬁaﬁe%bl%we%[”&eiﬁa/all of

t he aperture mifbePsf@acds. portion of the insulative nmask adjacent to the

aperture. -2427. The method of claim 26, further conprising, prior to
form ng the bond pad |layer, formng an interface |ayer over the at |east a
portion of the exposed rtion. of.the term nal d. over the si L.l of
t he apert Er e and %antnﬁ)ge,ﬁgpolﬂngrﬁqggnﬂétoﬁg Eﬁa&?%ﬁvag Brgt&?e%g’fod@gﬁﬁﬂ\??}d?he
aperture. 28.palihads$ H@%%tiﬁFKES.(H%{H'@Zthd‘#ﬁéiﬁ'@ﬁla?ﬁé@étbﬁﬂiﬁ&l dsonewg t he
bond pad | ayer of at |east one netal |ayer wettable by solder or a
pol yneric conductive material. 29. The nethod of claim 28, further
conprising form ngpth_@ é%ﬁnd pad | ayer as 10 a plurality of netal |ayers,
t he uppernost | ay&richt PHEP| urality being wettable by solder or a
pol yneri c conduct iA\@n[@E:?éi_:;@b.mIﬁO. The met hod of claim 26, further
conprising formng the bond. pad |ayer of at |east one netal |ayer wettable
by sol dedOor a pollpherdS® manductive material.. 15 31. The nethod of claim
30, further conpri _i__r}% t he bond pad layer as a plurality of netal |ayers,
t he uppernost net I %‘?mof the plurality being wettable by

N = 3 (for two traces and one intervening space between traces)

650mm—.300mm—-2-.050mm—-2-.030mm

d NSMD T 3

15
d ysup = 0.063 mm

Referring back to FIGS. 5A and 5B, the BPS substrate 40 of the present invention
may offer increased spacing distance between elements formed on the surface of the
20  substrate when compared to the SMD substrate 10 or the NSMD substrate 11 for an equal
number of circuit traces. Also, since the BPS mounting pad 36 is positioned in part above
the solder mask 20, the BPS mounting pad size may offer a surface area equal to or greater
than the SMD mounting pad 28 and/or the NSMD mounting pad 28’ sizes.
In addition, the BPS substrate 40 of the present invention may offer increased
25  flexibility in design and improved bonding configurations. For instance, a BPS solder ball
pad layer may be configured to further increase the surface area for attaching a solder ball
thereto. More particularly, a BPS solder ball pad layer may be configured with scallops,
radially extending fingers, apertures, or otherwise geometrically configured to increase the
surface area or improve the bonding characteristics of a solder ball connection thereto.
30  Further, a BPS solder bali pad layer may be configured to expose a portion of the terminal

pad for connection to a solder ball in combination with the solder ball connection surface



sol der or a polyneric conductive material. 20 32. The nethod of clai m 26,
further conprising formng a conductive trace on the surface of the sheet.
33. The nethod of claim 32, wherein form ng a conductive trace conprises
formng a conductive trace that extends fromthe term nal pad. 25 34. The
met hod of claim 26, wherein formng a bop%pad | ayer conprises formng a
plurality of individual bond pad | ayer regions, each individual bond pad
| ayer regi on ofithecBPS s@d&rﬂoa&pa:ﬁlemredxdﬂﬁionﬂé/, aspatiermang phnetalend Specifivallyret hod

of claim 26, further, conpri.si attachi.ng a solder, ball, at l.east to the
bond pad | ayd&PPPh tpéjgélée@sm erﬁglll mgtla%err 1%’%_81'6 cg’g?temsgidﬁrm Y& 2sol der
bal | at | eastppPsdide bbPpst s okfgﬁ7s%ﬁprm5giﬁﬁﬁ1 Ad spEhbRent s TomPRed Rpdd tO

a surface of the term nal pad. he method of claim 35, wherein
attachi ng a sovBepldeuball meuntisgpad.t o t he bond S pad | ayer conprises

attachi ng.the sol to surface of the.bon raihin .t
aperture. 538. Theqﬁé§ %hg?u%l%&l Sﬁlog('fﬁ&%ﬁlgreg}%ﬁ d%?gsc%?g%i’gﬁg’ollognetdyb?fil llagt

| east to the fgoABPPasldbrebalipad iyer 605sTIheépreghintentionavifeadia te soret bdlipad
surface of the bond pad layer |ying on 10 the sidewall of the aperture. 39.

The et hod oflaxer &9 gomprisepApticsiahinterfaeslays g 8acopperdayer Y8 ap wall ap selderahilityy he

bond pad | ay | t i a of. .t he bond
pad | ayer exfe é%%ﬁ%%%@@r ? %eb% ?{r%ss u‘l%a’l'% %aeﬁﬂné}ggyef@ %£18§hé&#e&§%87% Tclaim
28, further ctuiity.i FIGS TPearilB stpwaemnbddimzht IPPaacludiag acbldetisallgadidyer €0i n t he

i nsul ative mask, 41. The nethod of claim40, wherein form ng a bond pad
| ayer corfri senfigwedgengeally ina ar%ﬁmqaavh%% theislderhalkng 144500 Hichdes. g

accordi ng 10 ,g3.Rasy iRtkthdhgt, @kposing area 90 of terminal pad 41. Area 90 may include a
solderability enhancement layer 18, although this is not shown for clarity. Thus, a solder
ball attached to the BPS solder ball pad embodiment shown in FIGS. 7A and 7B may be
affixed to the mounting pad 36, mounting pad 36 comprising area 80 of solder ball pad

15  layer 60 including side surface 71 and exposed area 90 of terminal pad 41.

FIGS. 7C and 7D show embodiment 101 including a solder ball pad layer 60
wherein solder ball pad layer 60 includes a terminal aperture 82 exposing area 90 of
terminal pad 41. In addition, scallops 73 are formed circumferentially about area 80 of
solder ball pad layer 60. Scallops, fingers, spokes, or other laterally extending shapes may

20  be advantageous to increase the surface area of attachment for a solder ball, as well as
provide additional vertical surfaces for attachment of a solder ball thereto.

For example, FIG. 7E and 7F show embodiment 103 including a solder ball pad
layer 60 having a terminal aperture 82 exposing area 90 of terminal pad 41and extending
elements 81 configured as radially extending elements generally symmetrically arranged

25  about aperture 23.

Also, as discussed hereinabove, since the centroid of the mounting surface of the
solder ball pad influences the position of the solder ball, by employing the solder ball pad
of the present invention, the solder ball pad layer 60 may be tailored to position solder
balls as desired or to correct for inaccuracy in the placement of apertures in the solder

30 mask 20. More specifically, in the case where solder mask placement is less precise than
solder ball pad layer 60 formation, the solder ball pad layer 60 may be used to correct
variances in the solder ball mask aperture placement. Thus, each aperture in a solder

mask 20 could be measured against a desired placement, and then the solder ball pad



position of the aperture in the insulative mask. 42. The method of claim
41, wherein formng a bond pad | ayer conprises adjusting a centroid of the
bond pad | ayer according to the nmeasuring the Lateral position 2S of the
aperture in the insulative nmask. 43. The nethod of claim42, wherein
adjusting the centroid of the bond pad Iai?r conprises renoving a portion
of the bond pad layer. 30 44. The nethod of "claim 26, wherein formng the
term nal pad Igymp0iceaid bfsrdrspiabgi inleddr 6y ¢orrRad fopthd deviation, €grttidreiay aécuext ent

than a | ateral,k extent of the d |.ayer, -2645. The pethod of claim
D wher of . ASIORIHETRPTALNGE P PR 1AE FOhdBLS, RATR A2 %Psstmsma/rhq ally
circul ar bon %ﬁlﬂlﬂ

larger. 5 46qie e r?ea%‘bﬁgd g}gh?ﬁgﬁw%ggmv@epr ei ﬁ%%tgtﬁ%u dé @Jﬁ{%%t%on
conpri ses f orafisoldemballayencerretegiacodrdingly. Pdwechapieely, they srlddr balh eadilagert 60. PS
sqtrjrgriesms i met e?eor ryé ter 47c 'I{hegblt oda':1 ylthq/m 26, : erhyn f rm ng
bond pad Payee@cftwﬁl%e@ F'aaryrheﬁan%ﬁdmﬂﬁ?eagw 03{%13&1 aﬁﬂlwgeré Mpyrbeagodif

| arger than %?Hgnf@&@scﬁa&%amnM&u&@ﬁmtw Fapmaaﬂce fher amﬁoﬁrgma@veof C' aim

26, wherein formng a bond pad | ayer conprises form ng pad | ayer
havi ng a surfemhmgapeqhemgevalmmssbmmaﬁhpwédo gﬁhctwdmnm‘dlwm areaof nal pad.

For  mount | ng Adectgrems Pt Laider A Pab nd s Bl PhgSm o o ey Sl afgd B’

insul ative materi ®iGsfng mld‘m@h&%ﬁbo&ﬁﬂéﬁtfm@@ﬁdlﬁmﬁgaBPS%le‘eﬂ?dll paad on a
surface of the sheet; 20 form ng an insulative nmask over the sheet having

an apert dfe wheﬁ@uﬁl@»@pfébq prgseat ipgentionwhste mulépleapertuies 7hard fortied jwsdldey a
conducti ve p% alf ”E& la%r . lﬁye?‘tqlre% 9991{1&%’ 'a@gldgﬁga{ﬁl to 3f&th t& Hl% ve%stﬂzalsmges thereof,

thus increasing the surface area of attachment of a solder ball. Apertures 77 are shown as
three circumferential slots that are positioned over the surface of solder mask 20.
FIGS. 71 and 7] show embodiment 107 including a BPS solder ball pad

15  configuration of the present invention where individual regions 93, 95, 97, and 99 of
solder ball pad layer 60 as well as the exposed area 90 of the terminal pad 41 form the
mounting pad 36. Therefore, an attached solder ball will be affixed to areas 80 and 90 as
well as side surface 71 and the side surfaces of regions 93, 95, 97, and 99. Such a
configuration may be advantageous to provide more surface area for solder ball

20  connection.

Many alternatives are possible, and the present invention is not limited to any one
configuration. Individual solder ball pad layer 60 areas in combination with terminal
pad 41 areas may form a mounting pad 36. Although the present invention has been
described herein as generally configured with a solder ball pad layer 60 that conforms to

25  the solder mask, thus creating a vertical depression consistent with the aperture 23 in the
solder mask 20, the vertical surface of the solder ball mounting pad 36 may be tailored as
desired. For instance, it may be advantageous to form the solder ball pad layer 60 so that
it is substantially planar on its top surface. Conversely, it may be advantageous to create a
vertical depression or tailor a vertical depression so as to create increased surface area or

30 to promote bond strength or bond characteristics thereof.

FIGS. 7K and 7L show embodiment 109 including a BPS solder ball pad
configuration of the present invention where solder ball pad layer 60 forms areas 80 and

includes aperture sections 101 that expose respective areas 90 of terminal pad 41. Such a



portion of the term nal pad, over sidewalls of the aperture and over a top
surface of the insulative mask surrounding the aperture; and 25 formng a
bond pad | ayer conprising at |east one nmetal |ayer onto the conductive

pol ymer. 50. The nmethod of claim49, wherein formng the bond pad | ayer
conprises sequentially formng, by electraglating, | ayers of copper, nickel
and gold. 30 51. The nethod of claim49 érein disposing further

conpri ses pl ags@itation nfaly Phovide daﬂiuahalrsﬁkface arealaﬁa verficaTRide0Al aftachfHeh 61 2
substrate for an el ectronic device configured for nmounting a sol der ball

t her eon, conpsalddrbgll tgpareasi & aﬁgvea ag heswideah aftaehuient aroe8hiottemiingl pad i .niThus, a

nmetal |ayer dgfinin ad surface of the sh rmng an
sl at | ve. gk TRYEng R R wBGR GPerfod i BiPoto P o Slireftnad s
portion of thﬁyémm&hbmaﬁbnwitle%éscﬂf@éﬁhﬁmphml ng copper over the top
surface of the insulative nmask, over sidewalls of the aperture and over the

exposed pdrtion of Refeingawowi taZIGH R and¥Bwfithe drawingss 4 first exenipiary pineesstiloa
i nsul ative Fur s ﬂﬂ &Q@xﬁﬁf@%ﬁﬁ&ﬁr@ of g lp?élFﬂtnl % ﬁ{i‘n o ?ﬁ%me sy axlfd

about the aper ating a laye eap ure

and over the wmﬂeshaaa"dea\scshomm ]Flms BAaﬁ polemersdniductivé adhasdierfomhiag bptibnal
| ayer of gold over the |ayer I ckel. 15 53, The_ pethod of claim 52
further conprinteriage @&8%?3‘4 bﬁe}pﬁ edover golder gpask 3 gud mip aneriHra He Bypwsy of

prior to elec
further conpr%’gaﬂﬁh@édéfr%ume &ﬁM&g} pr @Pﬁi‘sﬁésﬂ? e?ft%nn%?sgg&ﬁ ?ﬁ%’@eﬁdﬁ d g? 5&? aim
52, furthér caortB88s laregavdllahb@ﬁomgleakeidmm@wpdraté)n, Connecticut. The polymer

interface layer 38 may be applied by stencil printing to cover the surface of terminal

pad 41 exposed through aperture 23, the sidewalls of solder mask 20 defining aperture 23

and the top horizontal surface of solder mask 20 to form a collar of the polymer around
aperture 23. An electroplated copper layer 48 may then be formed over interface layer 38,
15  followed by electroplating of a nickel layer 18a and a gold layer 18b together comprising
solderability enhancement layer 18, all as shown in FIG. 8B. It is also contemplated that a
metal interface layer 38 may be applied by stencil printing, followed by electroplating of
the copper, nickel and gold layers.
Referring to FIG. 9 of the drawings, an optional interface layer 38 to enhance
20  adhesion to the solder mask 20 may be applied in the form of a nonconductive epoxy such
as the aforementioned HYSOL®EQO1073 and EO1075 compounds or other suitable
polymer by stencil printing over the top surface of solder mask 20 surrounding
aperture 23, leaving the exposed area of terminal pad 41 and the sidewalls of solder
mask 20 defining aperture 23 free of material
25 In lieu of the use of a conductive or nonconductive polymer as an interface process
flow may proceed along several different paths. Referring to FIG. 10A, a “coverlay”
element in the form of a dry film photoresist 100 (positive or negative) may be applied
over solder mask 20, patterned by exposure to a required wavelength of light through a
mask, developed and portions of the dry film surrounding and extending into aperture 23
30 removed to expose terminal pad 41 and define annulus 102 surrounding aperture 23. Ifa
nonconductive polymer has been used for adhesion enhancement to solder mask 20, it
may already be present on annulus 102. As shown in FIG. 10B a copper seed layer 104,

which may comprise a metal interface layer 38, may be electrolessly plated over the dry



polymer interface |ayer over an area of the insulative mask surrounding the
aperture before electrolessly plating the copper. - 28 56. A nethod of
formng a substrate for an el ectronic device configured for nmounting a

sol der ball thereon, conprising: providing a sheet of insulative material;
formng a netal layer defining a term nal ;9ad on a surface of the sheet; 5
formng an insul ati ve mask over the sheet having an aperture therein

exposi ng a poilm phvteresistiand indg apertare 33aeovering the sypasedipgrtion phierraitpkpaddler t he

sol der mask ' . Of . o] t he
aperture; el g&cﬂ@r oF%gS!H;%FBﬁ%gP |E %\l_égngecr)lppe cl)vcgr?&?%uglg%ﬁrfe |8'I mgffg]éﬂgﬁ&o%\g}gﬁtotohe
exposed ar ea igthehl&iphed bff sndchinicatly oRctemicligras Rhalemil the agfrembeing pathtitthe and
over the exposed portion of the term nal pad; renmoving the dry filmresist;
el ectropl at i rRYCHYInggeppes andeaying thscapper fyeicAfpilin apgheurguading aperis 23 a

| ayer of gol . [ : |

further cgrrpgclog}ﬁ%née‘:gggitn?y(}%? é’? |aﬁg E)ggﬁglﬁéé{g? E%l’g%%g% gs15E)ér {:Hgfrgr g{’eéc &8@?@%"8 g
the | ayer of ofisckiet mask®0, ddwhowatitnBIG.dDCe |Aahiokd Bayef 18atandra gotdipyérdi8b thay

di sposi ng a nonconductiye 20 polyner jnterface |ayer qver an area_ of the
sol der mask st ath?gi/afqﬁi@naop ¢ £oRner 580 drare @raé’élgvyﬂwaﬁmﬂg laRels
CACAH AL, A RS CRBPIRE RO TR oL T R oAy e AP oA TP e AL, L. AL
Y. Ai_S. A @ A9: AL. Aln @Qim' r':p(rgcéssj s'eque'nce and referriﬁg to FIG. ilA,'an opiional nonconductive

10  polymer interface layer 38 (not shown) may be applied to solder mask 20 in an area
surrounding aperture 23. In either case, with or without the presence of optional
nonconductive interface layer 38, an electroless copper layer 104, which may itself
comprise a conductive interface layer 38, may be applied over solder mask 20, into
aperture 23 and over the exposed portion of terminal pad 41. A coverlay element in the

15  form of a dry film photoresist 100 (positive or negative) may be applied over solder
mask 20, patterned by exposure to a required wavelength of light through a mask,
developed and portions of the dry film surrounding and extending into aperture 23
removed to expose terminal pad 41 and define annulus 102 surrounding aperture 23 and
exposing a portion of electroless copper layer 104, as shown in FIG. 11B. Copper may

20  then be electroplated onto the exposed copper in annulus 102, over sidewalls of solder
mask 20 defining aperture 23 and onto the exposed portion of terminal pad 41 to complete
copper layer 48, as shown in FIG. 11C. Nickel layer 18a and gold layer 18b may then be
electroplated to form solderability enhancement layer 18, again as shown in FIG. 11C.
Dry film photoresist 100 may then be stripped off mechanically or chemically, as known

25  inthe art, and the underlying electroless copper layer 104 removed by a soft etch
comprising an alkaline ammonia solution to complete the fabrication of solder ball pad 36,
as shown in FIG. 11D.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing

30 illustrations of some exemplary embodiments. Similarly, other embodiments of the
invention may be devised which do not depart from the spirit or scope of the present
invention, Features from different embodiments may be employed in combination. The

scope of the invention is, therefore, indicated and limited only by the appended claims and
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10  which a portion of the terminal pad is exposed; and
a bond pad layer comprising at least another metal layer formed over at least a
portion of 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.

15 2. The substrate of claim 1, further including an interface layer formed over
the at least a portion of the exposed portion of the terminal pad, over the sidewall of the
aperture and over the portion of the insulative mask adjacent to the aperture and disposed
between the exposed portion of the terminal pad and the bond pad layer.

20 3. The substrate of claim 2, wherein the bond pad layer comprises at least one

metal layer wettable by solder or a polymeric conductive material.

4. The substrate of claim 3, wherein the bond pad layer comprises a plurality
of metal layers, the uppermost metal layer of the plurality being wettable by solder or a

25  polymeric conductive material.

5. The substrate of claim 1, wherein the bond pad layer comprises at least one

metal layer wettable by solder or a polymeric conductive material.

30 6. The substrate of claim 5, wherein the bond pad layer comprises a plurality
of metal layers, the uppermost metal layer of the plurality being wettable by solder or a

polymeric conductive material.
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10 10.  The substrate of claim 9, wherein a surface area of the bond pad layer is

about 0.05 square millimeters or larger.

11.  The substrate of claim 1, wherein the bond pad layer partially covers a top
surface of the terminal pad.
15
12.  The substrate of claim 11, further comprising a solder ball attached to the
bond pad layer.

13.  The substrate of claim 12, wherein the solder ball is attached to a vertical
20  surface of the bond pad layer.

14.  The substrate of claim 13, wherein the solder ball is attached to a portion of

the bond pad layer extending over the insulative mask.

25 15.  The substrate of claim 12, wherein the solder ball is attached to a portion of

the bond pad layer extending over the insulative mask.

16.  The substrate of claim 1, wherein the bond pad layer completely covers a
top surface of the terminal pad.
30
17.  The substrate of claim 16, further comprising a solder ball attached to the
bond pad layer.
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PPt (5) the bond pad layer extending over the insulative mask.

20.  The substrate of claim 17, wherein the solder ball is attached to a portion of

the bond pad layer extending over the insulative mask.

10 21.  The substrate of claim 1, wherein the bond pad layer is substantiaily

circular and has a diameter of about 0.33 millimeter or larger.
22,  The substrate of claim 1, wherein the aperture is substantially circular.

15 23.  The substrate of claim 22, wherein a centroid of the bond pad layer

substantially coincides with a desired solder ball position.

24,  The substrate of claim 23, further including a solder ball attached to the

bond pad layer.

20
25.  The substrate of claim 1, wherein the terminal pad has a lateral extent less

than a lateral extent of the bond pad layer.

26. A method of forming a substrate for an electronic device configured for
25  mounting a discrete conductive element thereon, comprising;
providing a sheet of insulative material;
forming a metal layer defining a terminal pad on a surface of the sheet;
forming an insulative mask over the sheet having an aperture therein exposing a
portion of the terminal pad; and
30 forming a bond pad layer comprising at least one metal layer onto at least a portion
of the exposed portion of the terminal pad, extending over a sidewall of the aperture and

onto a portion of the insulative mask adjacent to the aperture.
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29.  The method of claim 28, further comprising forming the bond pad layer as
10 aplurality of metal layers, the uppermost layer of the plurality being wettable by solder or

a polymeric conductive material.

30.  The method of claim 26, further comprising forming the bond pad layer of
at least one metal layer wettable by solder or a polymeric conductive material.
15
31.  The method of claim 30, further comprising the bond pad layer as a
plurality of metal layers, the uppermost metal layer of the plurality being wettable by

solder or a polymeric conductive material.

20 32.  The method of claim 26, further comprising forming a conductive trace on

the surface of the sheet,

33.  The method of claim 32, wherein forming a conductive trace comprises
forming a conductive trace that extends from the terminal pad.
25
34.  The method of claim 26, wherein forming a bond pad layer comprises
forming a plurality of individual bond pad layer regions, each individual bond pad layer

region electrically connected to the terminal pad.

30 35.  The method of claim 26, further comprising attaching a solder ball at least
to the bond pad layer.
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25  ofthe aperture in the insulative mask,
43.  The method of ¢clajm 42, wherein adjusting the centroid of the bond pad
layer comprises Temoving a portion of the bond pad layer
30 4. The method of clajm 26, wherein forming the terminal pagd Comprises
forming the terminal pad to 5 lesser lateraj extent than a laterg] extent of the bond pad
layer.
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5 46.  The method of claim 26, wherein forming a bond pad layer comprises

forming a surface area of the bond pad layer to be about .05 square millimeter or greater.

47.  The method of claim 26, wherein forming a bond pad layer comprises

forming a bond pad layer having a surface area larger than a surface area of the terminal

10 pad.

48.  The method of claim 26, wherein forming a bond pad layer comprises
forming a bond pad layer having a surface area larger than the exposed portion of the
terminal pad.

15

49. A method of forming a substrate for an electronic device configured for
mounting a solder ball thereon, comprising:

providing a sheet of insulative material;

forming a metal layer defining a terminal pad on a surface of the sheet;

20 forming an insulative mask over the sheet having an aperture therein exposing a

portion of the terminal pad,

disposing a conductive polymer or a layer comprising metal over the exposed
portion of the terminal pad, over sidewalls of the aperture and over a top surface of the
insulative mask surrounding the aperture; and

25 forming a bond pad layer comprising at least one metal layer onto the conductive

polymer.

50.  The method of claim 49, wherein forming the bond pad layer comprises
sequentially forming, by electroplating, layers of copper, nickel and gold.
30

51.  The method of claim 49, wherein disposing further comprises placement

by stencil printing.
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formmg an insulative mask over the sheet having an aperture therein exposing a
portion of the terminal pad;
electrolessly plating copper over the top surface of the insulative mask, over
sidewalls of the aperture and over the exposed portion of the terminal pad;
forming a dry film resist over the insulative mask exposing the aperture and an
10  area of the solder mask about the aperture;
electroplating a layer of nickel within the aperture and over the exposed area of the
insulative mask; and

electroplating a layer of gold over the layer of nickel.

15 53.  The method of claim 52, further comprising electroplating a layer of copper
within the aperture prior to electroplating the layer of nickel.

54.  The method of claim 52, further comprising removing the dry film resist.

20 55.  The method of claim 52, further comprising disposing a nonconductive
polymer interface layer over an area of the insulative mask surrounding the aperture

before electrolessly plating the copper.
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forming a dry film resist over the solder mask exposing the aperture and an area of
the solder mask about the aperture;
electrolessly plating copper over the dry film resist, over the exposed area of the
10  insulative mask, over sidewalls of the aperture and over the exposed portion of the
terminal pad;
removing the dry film resist;
electroplating a layer of nickel over the copper; and
electroplating a layer of gold over the layer of nickel.
15
57.  The method of claim 56, further comprising electroplating a layer of copper

prior electroplating the layer of nickel.

58.  The method of claim 52, further comprising disposing a nonconductive
20  polymer interface layer over an area of the solder mask surrounding the aperture before

electrolessly plating the copper.



