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In order to fabricate PCBs in which conmponents, including |IC packages, are
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havi ng an off center via, in accordance with one enbodi nent of the
invention; and FIG 10 is a flow di agram of a nethod of fabricating an

el ectroni v@8¥eWRI8y t hat i ncludes form ng 25 off center viperaRol-argds to
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mnimze tfe elggflecgtoque“%&“ assing during solder reflow By offsetting the
via channel’s fiﬁm ‘or land, the ballooning of solder balls is
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as appl i cafionimgf KIS enti on to a substrate, an el ectronic assenbly, and
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i nvention g,mgng;f@,lcliryeng@,rrpeti tive. FIG 1 is a perspective view of a prior
art PCB 12, ma er 3. Asurface 1
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conpr i Ssi nghaging H-oftrentre ds, lircanadrddned withiweekmadsioneet ofithelineatioplaadd to a via 15 having a
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e snown

sol der _ball a e can

el ow, 2A1 WU P RS 4 O R G PRG0S me i ol 1 G o
hol | ow, astheisedioherein the term"via" nmeans a hollow via. Via 15 conpri ses
el ectrically conductive material, such as copper, that 20 electrically
connects circuit traces on different |ayers (not shown) of PCB 12. Via 15
can be of any type or cross-section but is typically circular. In the prior
art structure illustrated in FIG 1, via 15 is essentially a copper or

copper 5pl ated cylinder hayi,Rgpae ofgabonmst&mmantially uni form
t hi ckness that extends parft at ed b LFe dashed

lines) or entir&f fof WW&H %E?“gt?“ °f(f§‘B°§WHTt?1 t ﬂ‘&?ﬁ'“‘ﬁ‘ erﬁ%fﬁ?"’la %S of the
PCB it is dcegjpinyiagidrivings @hichesiortn alpat heivbizamd ih Shigh ieshbwrpiycal dfjilubtatiorsrteifiy dril 1ing
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wal |l of the hole conductive metal such as c Eper or tu sten. As
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. surface 1 of screener apparatus 3 di spenses sold paste
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The sol der paste normally conprises a gonbination of solder powder, flux, a
suspensi on agent, and a solvent. The sol der paste not only coats the Iands
4, but it can also enter holes 5 into vias 15. After the sol der paste
screeni ng operation, the solder paste is allowed to cure or harden, during
which time sone or all of the liquid conponents evaporate, dependi ng upon a
nunber of process variables. 35 When the volatile Iiquid conponents) do not
all evaporate, significant problens can occur, as will be illustrated bel ow
regarding FIG 3. It should be noted that other nasks can be used to apply
other materials containing volatile liquid WO 02/ 0. 1838 PCT/ US01/ ~~721




conponents to the surface 1 of PCB 12 before application of the sol der
paste as descri bed above with reference to FIG 1. For exanple, solder
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earlier, \"é?ﬁm?d‘apcﬁ/g%j &lg!e?tg g’%i%hﬁ‘g'%% agyg (ﬁolg!:r [pas% can bL Lp%%su to each lancs1 Af ?%Of an
oper at i on °PrrsRAping Felder kol priaAC pglegesan iy capledtp ‘allds‘* %fﬁ‘tb‘l feghpwp belft“he upper surface
1 of PCB 12, salikbagn upnaem:eacj;fgm@ QeHn6la§ viastarl @R E: séluﬁ)'ﬁhdﬂab las \B& bk the @Brmvi as 15,
\é\'lhgree ( IatS S‘Ioleg’sr\rtéel tsghoqlﬁ‘iv %.argj) ?gc:pr\n/g'lséé ﬁlectncg{y f%%lﬁ: ive matcnal sucrt scopf%v'4t{1 02F5)r chn![ O\\I/\’Ie;
fill 12, slseticallysonpedtshrpuit frapss aa differens layersiiphshene) PﬂﬂCBdE}tht W@ar\heaf anfThige oyj a cap 17
can conpricsg- s&ﬂ&%}itls th iS¢l LokauIR) 18 the Moaarcsa.rztumatmatealn&lct Y RiaQ 8 sledfentidGli re curing
?Lf le; E:BreIG({):{)pearpoxﬁco eGC ate% cémg)er Ez)wm%a waflf)%(?gt su%stt{n? a%g umt"grm(%ﬁa({n%sa&?uteﬁ si 5ar ?hgt’)te by
cont ri but iperelly mt0§’§l3dé(’ds indigaed byrthecipshesldines)s er\meIYIthr%leh Eﬁ%‘ét@@e@lgﬁwﬁ%r bel ow
r1 ggaL di ng rl;FJ\)@yen@oftl\éP@BQtaé}squtleﬁ tcma;tneaatal Vie£1B\R kyplcdl@ fRdbPINIRR eMigsug®f Vi as 30
t Qnprises a
pl ur aiJ}ISt y ? Xr ﬁlpglr? é% Pgﬁ( Zfen%e cPlvermIg the lﬁtterltl)j' Sw[al:flcg‘tﬂgzgle w&a]cond cfzgeéﬂe%aps[u& ﬁoppeh ar e
coupl ed coremesitns, bunps, or balls 22, each conprising an electrically

conductive mat gg mhonsm bhe BSckSShd\RStion aE&Jedﬁrlan@ﬁd h PCB B BédRo RlcoaPRIOXi Mat el y
the sane sg S I e aI i gned or

e I
"regi st er & “%P%Ft‘f'ﬂprre%a%%%nfg”??}"glwétﬂgﬁmzfes ing Sr?ld%{%aslﬂ {saggcaenage 1 BN % per at i on
(to be degwesiZligdsifionedodEsurfacel of RER)12, andpecresacr Rrpgratussitdisprnietijolder peserﬂm"glm ng sol der

bal | tS #2, laﬂ)eﬁ!ﬂ@% u-flmasemlméld@e%tmtﬁmme% bheetvm mb,aaeaﬁete adnlnamy tdalptga@ mel ti ng
point or |I

er materi al p f | ow
oper at i on °f "Fté’"&%fﬂlg%‘ p%"ffifrdfgﬂx Auspngonggent, and als%vém HI g(’gdrser L s'toE °“?l€°a e Wo
02/ 0S4838 14rESTH WSOl aljo-edigthdled Samerdas4s.t o f | ow t oget her, so that lands 21 of IC

package 20 andahapdsoidr Jtes%ﬂéé?tﬁwBxﬁk@onl%sae&%felsmmtsahwhﬁmd@lngctrl cally
coupl ed ugq(gn cool i G 2

_being cou ‘élat“‘feém%"n"gi’ltf’fﬂ‘%?&’éf'gf%mpfﬂf"taﬁvlﬁ?%% ‘%pegig?gd‘@?“a tfer ?X/pr(()’f)eses rat Pl?)n in which
adj acexit 3Gy volpdik ligeid28mpmnesi(shda ndig evapherte, timificurt ryeblms vig owin wpllide i | es. \When
t he packaggst,%{egug,wgggmmgﬂﬁpj| sing | C package 20 and PCB 12, is subj ected to

 heat during a reflow operation  solder balls 22 beco addi tion,
any VOCs in vi $Ppfpe "f%'?\liﬁ totigr et anbetied foRRRY s r&atedglse?m%"ﬁ‘ag Vog‘ﬂc f in via

fill 14 in the |ower portion of via 15 are prevented fromeX|t|ng
downwardly fromthe via 15 by via cap 17. Due to the presence of
unevaporated thermal ly expansive material within the via fill 14 when the
prior art structure is heated to the solder liquidus, the via fill 14 can

outgas in Large 10 bubbles 23 within the overlying nolten solder balls 22,
causing solder balls 22 to expand laterally in a ballooning effect. Wen
adj acent sol der balls 22 touch, as shown at area 26, shorts result within
the electrical paths of the electronic structure, and the electronic
structure can experience operational faults or even total failure. The
geonetry of the V|a |n pad structure |Ilustrated |n FIG 3 contrlbutes to

— o - o L~ o~ o o ~ ~ o, . v



enbodi nent of the invention. A surface 1DO of PCB 112 has a plurality of
via-in-pad structures (only two of which are illustrated) each conprising a
| and 104 W0 mzabigdsove and coupled to a via 115 (shown in deshesbiliimas)
having a hole 105. 2S Vias 115 can be of any type or cross-section, but in
t he enbodi nent shown they are circular. Vias 115 can extend partially into

Eg 3— ﬁz OF caRipbriekt&b Yre EUF}ECQ tgitpcB @oekore]agphcéﬁlﬁﬂﬁﬂlg bditer pRON deg&%dmé/wdhay € I’ S of the
ey ar

to conn
drilled. \/iegere" q%”“ﬁjv'é‘“ axa'f“i’]ﬁf"zcﬁrerff'sb‘ia&?%?pifde‘? ﬁ%‘?" tf’qumésl“f @ﬁst“f%fef%fg gBt'%an t hei r
drilled di ametselder pasia isdate regamisd di aatditidn, votatileliquinfcomposshie,@.g dsolventt @n beapplivdtas 115 i s
in the rangss AfwithdbushPmas®S 30 mllimeters (13 to 15 mls). After plating,
‘the finished di a]meter of vias 115 n the ran%e of .25 to .33 mllineters
(10 to 13 nils)? s%ﬁg‘e’éﬁ"%ﬁ‘rﬁi”@f3“61"35‘1”5‘34@"“16’2%"%“7 1G ??é?"sft'él‘i‘?dé"tb“’f““‘.‘eéfe ffo
m | | i met er gas(124nd tgpic2lf erteddiip upwhaids iato RIS, cai dampriag unti@ed vblale copodnis bhetd above

regar di ng J):uk%;& snglrﬁcalnm s’LB%ﬁ:Q{a sﬁ&ﬁ‘eﬁu&?&rﬂfeﬁ 1,%9 E:Hi s%grw VEQIIIL gaggtlfupc t e I n

preparation joi i ng the corresp ond

package. TYCtf "§ g mpoRents i dqcanpips “‘F‘%"aﬁﬁ%"?ttt?t%th‘é‘EPSWé‘iﬁcag‘tﬁ?“ﬁeaE%"t%’eg of PCB
112, and sdarisenide refipypar at us 103 di spenses sol der paste through apertures
108 in léTB‘Sk 102’I‘hl3 Oolattln%qlﬁ%éoﬁgoglén%mlth ?ﬁl F(& §Qlatg'¥1 tr cgvg %ﬂf«% to t;[eh grfa%eo J oct{er paste
normal 'y conprises a conbination o E f suspensi on
agent, andP@ Barevhsselly sxpapsive SLtbﬁ?"seS,oaéhcm’wﬁw qﬂﬁ@lectemeersza%e l@elt/ U SU 1
[ 4.1721 sotothgsneqdaad 1@ of My AktdbR\WRE add@hed biteR inflfide RAtTE zanicampdigs Wth 6sh ti me sone
or all of th g | quid conponents evaporate, depending upon a nunber of
process var’ 15? €s. In a simlar fashion as nmentioned earlier regarding the
prior art strudil@rlds astpeisectipngl viewf the priogatRER I hshpwerip BiGs! tekomalesk iedgofWIE s or
ot her wol af,bddén Adamiadmaqsm@.memvsfdawpaaageazpplhdlamgﬁe@fowa@u@us hager koopof PCB 5

112, whet hﬁl’ t h{SOUeqpown con (tiammﬁa g’wnnzﬁlye ansn ?substance suc?n as l:_qa@l’a'fgpl I %ttllle)%n of t he

sol der pas desceribe ve wt erence

sol der r esa@tmcewalbechapwh cpreld materief @ \waies thenpally expengivifiaterip] suck pprafveldide 100 of PCB
112 where &ghhid&fmp&ﬁgt’ﬂneba'itlcﬁlﬁ 198 of VLA 10 Rfthin Bdd GHis ASrel) ANEIRivd; O evefla8O, Vi a caps
(117, FIG %)e o§ i g” e underside of vias 115, and extendi ng
upwar ds i nt§ ¢ aserelftg'ee" ¥ °e818 rise uncured volatile conponents that outgas
signi f Peant |y vinteprivpdy|seestuedlustoted o FHERE, viedfl 1 oipprinariiy eip egppingawaterid QorThie vol atil e
l'i quid conaapn;emfoﬁevw ¢,m1n4masyandd9 ScediBE RIvbeSidubN @ 20, abaelaam d@g to the

surface 10Q expansi.ve su i.e. they expand
when subj ot et sip et berraie (RrB PP SHATGt Ve T8 SRR carl | or
t hese vol adpplieétolthegprecsurfoeiyd REB t25solerpastyd 6 grhidea plardent 4s vkl a8 withippdas 1amblerd hey

often i ncI‘ug,gshmggaa,relhttvgygrng,apmgvggnppunds (VOC s) such as pol yglycol. FIG
havi.ng an of f

5|sad|agra Vi ew ea

Center i a2 a4 kv Satsior i bioud B R T e 2uep Haneretet i B et went
of the i nveltripat, fromamdizg thB@ghatrdia. 1 Bit vie eqprl @ spe pimpese ppokyer exajprie &imtcad ands f rom
PCB 112, amm&.b@Mcaﬁ;t@q@@cuahgmh&a{m Lpghc%n todbeBhb, c\alen Inke LifO adfid ok F G 4) .

Althoughthe ands on can rtitioned into at | east 5
di fferent Yholps heyen f“f'*’le §‘Pff°%ﬂ‘ Hassine h@"”’gls AP ORER YRR OB PO e %N ds | 30
and 131 arswids disseded fothbdelbw ogardng EICG &nda gp0idpot ofly dogntis bottbraprehi3 & veonpr i ses

avia ;@4,15%plthquggexge§d]u ggggrmolv,gﬁg a Vi a 135 20 Land 130 has a geonetric
center 132 and edg kew se, onetric center 133

e
and an edge 139 Pa\?ﬁ"“é%zof%?"éfﬁﬂpl‘f?:“? (ﬂ‘l‘;\‘(/té’o &fé’g'f‘fﬁfrf’ IHBS“?:‘@M‘%”%S A %hac137,
respect i vedoypled vonnusts, blimpa,obf et eadh aomifsisidg30 cleonigall) Sdhdative mieratrmeh agsolder.

substant i agoler btalﬂ%Z ﬁ'?&g Qfonﬁ@lE/ 1dbaik %Eees‘i"ze Jaﬁ’cpplténxg larkdt . So[d@xsbglﬁgi Aré’éﬁkﬁéd fromthe
geonetric centers o Heir réspective | ands. Also, the geonetric centers of
_vias 13S andedsredovithresassidelidyé | ands 130 and 131 are offset in

substamti al | y tinesubsadient aflsweptraton(to Hedesariblrbin FIGOT @pw), Bbpatiage sodcfuset s 140 and
141 of vi a%m&%ﬁg%ﬂigr b:!iﬂ?ﬁ§2 lJn&"ﬁpaﬁﬁw as\{gll%eateia%gan%&m%ottﬁe%elnﬂé [Lo}flt&hﬁlld%m angl €.

. For exanple onetric centers VI as

respect i vepiger majegal @EPPYRSTGF%‘@?@"P’GH?”(“HE‘S@éﬂ'ﬂ’é‘?'f“if Ea”&@r‘i‘l“b‘}“'s”l("’i[?é“’ 161‘??3) of
their respective |ands (130, 131) by ><gnety degrees (with reference to the
Cartesian grid provided in FIG 5 by X-axis 145 and Y-axis 146). Al though
of fset vias can be provided in pads or lands in a regular, orthogonal
pattern, as shown in 30 FIG 5, the present invention is not to be
construed as limted to such a pattern, and it can be inplenmented with many
ot her types of patterns that have variations in any of the rel evant

vari abl es which include but are not limted to | and size, via size,

rel ative and actual offset distance, offset angle, and pitch. FIG 6 is a
cross-sectional view of the PCB 112 shown in FIG 4 taken along |line 150 of
FI G 4 and |n addition a Cross- sectl onaI Vi ew of an. IC package 120 aI | gned

o M NN A AN - ~r—-



As di scussed earlier regarding the prior art structure illustrated in FIG
2, vias 115 are shown WO 02/ 0S~838 PCT/ USO1 /-4-4721 containing a

t her mal | ywax@z03d838e subst ance, such as "via fill" 114, whimdr/csn/4ismel ude
both cured material as well as thermally expansive material such as a

vol atil e organi c conmpound. The particular level of via fill 114 within vias
| 15 is m%ﬁé Yiolftbik Hé&l{enaio'tﬂéﬂandi fl%fﬂc%!( Rhge G@Jﬂd bRR IS sl erBonehiegy full to
enpty. In m?dlments wnoin via fill 1i4is primarily via
cappi ng na*l"gflfcwcalP'F%'ﬁlF‘{/‘lp%{”’(? Be117. However, via fill 114 can al so include
processing sol VRGB shopsihelptiosart®Nl 15hbwien FIfedsteiag cofiedao andGpabiaged daing oper at i on

in which a,zQla6k oRARNS Midh4idcath solds: vARRS Ar@QxdEeQ d&e@@ouléﬁ%gﬁgr of $didif.gce 100 of PCB
112, so|der paste 116 resides on | ands as wel thin vias 115,

where i1 typi calieyihepiriess sriffuerscompisiog %Ftﬂa?}‘éﬂeﬁo 3 RO lzp‘éf‘“PJe?S‘id RAea{dyringp 114, The
| ower si deref@paritienysdiiet talls2p Gicorfe)mobén. &additiov,agy WS ihatilla4 witlen @A s kdtdp t O
‘prevent vigg bl Abocsh G al b idfe Sk tion BRSNS are[K, m%mm&.&gg Bitfatdly the Via.
In one enbodient, via C%P can conpri se i n anot

embodi ment 9mtheiad's By yigsep Hle Die tb}héﬁereftsf °fé'ﬁﬁ‘ﬁf’9fat EF”E?(W spapsiye malgriad withingtheg 17 can
conpri se avisfl 1dehentpKor B it@etirdib hedtbaib the Sidpdiqbidua|tleyia@in 140ah sukgdd iy lageir ed t hr ough

t her mal anlg]{nl%s Z%J\l\l&hmqye o%rl?nh%&{)@l?stoﬂg@;lé 22 Laﬂsuig@(ﬁ?e?gmsoﬂlton%é&d lgtLI lFSt [ated, via

caps 1107 m open y al so

ext end upv@l‘f&"'l’&ﬂffeﬁ v Vheg adjapept solpley bi"@%‘a‘&kaw&wf@éﬁﬁwr@é%“ withiy tllPr aI ity (only
two of whi gdatrigdl githk bﬂtmfe&ﬂﬁle&):ctlﬁé arfd €13 kiaGibrfig strb!d.ﬁﬂ):&n exPierd@dpbratiodal Rults @AC

conpri si ngev%qotglfaqct rically conductive material such as solder. Solder balls
122 are of approxi rrately t he sane shape, size, and pitch as | ands 104.

Sol der bal | s 12he gepretry pf thprviscin-pad stmptergillswetﬁ@elFI% qonjriuiesto bidsing of afliesas 104. I n
a subseguenider@RR LATSHIAR biuelm&dg@eﬂemondadsrzetﬂb@m&e bous fdias to fankpil oYt he

| d bal ted with | d
;gs t :I’ 112‘ 1 aere?_lve iogjar bhlﬁ Zttlav aﬁllgaﬂréce tchsn%l\'hha%: causl:s solger paﬁeﬁha?tg%ﬁherpoltgguto du ZOO f e[ he

sol der mat wetpip apubstayinlly #P&Qrw%éhlaltesB@fE@@e viga & Etfdrmnteswlvetém lamaésttl@ b_a_llopr@fwdlbands 104
f1 ow t oget Bsin sollidd bails @%@ﬁﬁy dyRR6Gcall snd thef wllIChaRALKRARiM2RifRA hickRQ @ 4 04 of PCB
112 to becone f?‘g si.cal and electrically coupled upon cooling. FIG 7
shows the 98 °sbsfa“ttt?1 Pfesent invention being coupled to an | C package
120 dutd ng a 231G dlisderrspeaifd visw obpRGBaltl2, owskil PR, yuid padanca P dcasevrdagrg vitheane bal | s ar e
bal | ooni NQebEimdAe it AUGHIInNG, i n accordance with one enbodi nent of the

i nvention. When the acaestru isin a e dPCB
e & 0ub] oot T SRt el e iy S P BIStSr ey G B 8T o st e
becone nol daezomprisingedalidtl 94dprmedahgre WASspledto v vial 15 (shdwn i déshed links) Inviug aiwlel 15 heat

up and expggd. The VOCs in via fill 114 in the Iovver portion of via 115 are
prevented from eX|t|n 30 downwar dl frbom Vi ab vha ca “}#I' i Due to
the pré&Sence of RIAEADS P EHPCHETHIEFIO) DB E Qf’é“ef‘ﬁi P RS 2 'The via

fill 114 whemnbhedpakkoige PER Haoteutrdy hough@aB e, dependilparadbd epny lyguaftes, the
via fill Ig4 30 RULEGRS cdnkeli@dr 9€ bubbles 123 wit h| n the overlyi ng rml ten
sol der balls 122, cm sol der balls 122 to_ex | at er al ég

bal | ooni ng ef f étgree ias Yaprpfrdled dasi hivdg @ Syh a"ﬁtérltﬁ‘aélsi’f (l,eésﬁhaf‘ouch

t hey vent tsdrigileddiamdidr. Dbnechbrdgasghe wmsheda!raeetq@meallrﬁmjn ®&range bhidrio BUIbbl es 123
througl;b t %ll%@en@{l?f&l%’l} A&@Qﬂﬁﬁ&ﬁe%ﬁedﬁmé&hﬂ%m%ﬁm%of ﬁ@&@j ng sol der

balls 122 to substantia apse of the sol der
in sol der Limeters @92’1?‘@%& d'?"ﬁteb‘ifﬁ‘é‘% 1%&’9\/@&??“%"3?1@5‘0 ihT‘"HFteTS@“H’a?ékage 120
and | ands di@% of PCB 112. WO 02/ 054838 PCT/ USOL/ -4. 1721 The geonetry of
the via-in-pad Il$§l¥lihllﬁég H&ﬁr tllaH‘ﬁ;Clrll%H Qagveﬂ%argh&lGn ﬁ&@i(ﬁszﬂ-&s‘eﬁz §rk Q)Qtlecfd/lﬁlant ly to

the early collapse o i scussed earlier regarding
“the prior e P@feéU{r?PEfﬁl°&f°§JP‘|‘"ﬂ%‘f“ﬂ’r“§ °P'feFPB%df’\gé‘I‘@ﬂballsrPf prylepeckoee. JQfiE&pd pal | s 122
adher e3st rpdglog lstp&ltioﬁﬂad&r shetdce (00 of FCB &% bt §e@eede? fppausus\WeS| dispaa®s $otdlerlpasteds 104 on
PCB 120, Aolth bl G0 b 168t SR fcar®l d0dus DR, e st pdd@ ity i G
_surface tension that causes sor 122, alth ouq lten, to retain a
subst ant i afompyise3qertingtip °§“H‘ﬁ"r5@°WdF‘lo%é’\?é‘fSP°“%‘§'€&eﬂ%@dW"ﬁ’ﬁ“ 1’1@r thfs greBBFgnalbs i t hi n
| ands 104, the balloons formed by nolten solder balls 122 are asymetri cal .
The wal |l segnent 125 of solder ball 122 on the side where via 115 is
cl osest to the edge of land 104 is thinner than the opposite wall of sol der
ball 122. This pernmits gasses to be vented nore readily fromthe thinner
wal | segment 125 of solder ball 122. Thus these wall segnents 125 of |ands
104 10 have a strong propensity towards early coll apse, before the sol der
balls 122 grow | arge enough to touch one another, or to break apart with
sufficient force to cause a significant |oss of solder material, or to
cause shear stress or shock fatigue danmage to lands t04. FIG 8 shows the
PCB 112 of the present invention coupled to an |IC package 120, in




wi th one enbodi nent of the invention. 15 As a direct consequence of vias
115 being offset wthin respective |ands 104, solder balls 122 fl ow

t oget her W@ B2/034838sol der paste 116 (FIG 6) of correspondi pgrivssdgr04,
causi ng solder balls 122 to form high quality physical and el ectrical
connections to |ands 104. Even if outgassing should occur, its effect upon

sol der bal Joraerqa%?e id afloviel QNS AN dufthg whRE GRS Re 6 0l &k nmlchﬁpo;L% eVifdnde, €aSI | Y
and col |l ap ef ore ad acent sol balI's 122 touch each other. The

resul ting %f’eg ?gruB?ﬁad’"‘B CEURISPSy VA aﬁ'i“’s‘eves a significantly higher level of 20
integrity and Camnsihirfshivderoetiontd ealic regandirfeitioaridr brystawestowOsFIG. Fitier 9 is a

top Vview Ofadfis Lobtaidy OYEL J,aahagomaqaﬁm orettscan@qppﬁ&rt@ﬁ,@su;lféc@lda%f@dﬁg a
plurali y 9 % havi ng aresgfgctlve of f

16
center Via &g‘?ftpﬁ%‘? fripgsec ian'aasﬁ%f?m qegfreé@’ ﬁl?j'a?ﬁ@%w{ﬂfftpﬁtcah@“@ BNt of the
i nvent i on. refemnce todi&r. 41 kpr exvoplel sddesrespoms bepplied ty defifie tzesyensvethe sucfacs LOCKERIB t ensi on
forces in {BendRLE Past QSR eciRh, lsdn £ l%gs 104:'A%o VYa)caspQ%'ﬂl‘/ 'Fﬁ96) égén%% agygy from

proper registration wth I ands, such as_ | ands during the
sol der ref B4 HEAL 1 otd extending Uy ‘"I“b‘i"rls Siqyeat @ma’fséurﬁ‘l‘r?ddﬁ'@‘éﬂc°i“?9“f'\9§c§habr oups,
so that thetgsuighiicetlyivnsugatct orsd@srefinaenipeddkd. vel y equal i zed. A sinplified

exanpl %o is ill uﬁﬂ% %Ta 11%ﬂqd1 o:E[} g%ntsg?thi}é\@gﬁﬁjag Pgagls%ét%%noeg%h sur%a%é‘lob St

arranged on the I ne anot group o
| ands 161 5B 147 patigaly srpanshesupsaniss ko Rpvexrapdihonubieried Fodept.| Asfes ﬂme@r at ands 151
and 161, asnoktwd dsSussd il thest Ocdatiledif@d @lapinEhtsi cih bd ahedlitabld tybd, A thep@@USse t hey

are 30 ben Evolcrg‘ g%anic‘gglgpo}{#ﬁa,o%‘ss;S‘chigfg}%ﬁ?lwl are offset in a direction

away from e vias ands 161 are offset in the
opposi te di rectFI%ﬁ'S agiagipmpgtig fop HeY of ipdereniBo #18 L seashdipvingpmeffcentgygd34apd and 181
in theipot tse,msﬁwﬁvay,@rrhc&ida&ubmtdna&x@ocmauofma mt,dnadn L4nes 190 @8 13 Feprebefi shyands 171

are offset,_in.a ret fro das 182 in
| ands 35 1t§iadéafeen 9] Po" ¥va%the caOS|St'm' rlo?re' tl'c?)'nomdﬁl%"%eélg)eft\l\{tb é’ of an IC

(not shownfhe lpngs @é’cﬁﬂl?r?eehiperetww@tfeﬁtthwpéﬁwte@yﬁﬁpmlwwgdfn&ﬁ 9adpar at e | ands
171 and foassrcusseepad“ataeish@mﬁtsmi&aasmudtdbmneﬁdsmd;u@amenmmlcanme&51 dashed
line 170, Vlanng) o tlnac;t)mas Q’UEU’SI c surface tension forces in its solder
ball s during & soTa re’f"fow operation W O 02/05.1838 do not cause the IC
to slide to ond-axi lé%bas PEThaCanter 132 prrizg edg¢ 38. Liewise lagd [l basa giomefricnmtasf a

net hod of fakkihcatd RY AR 1§ﬂaea:tsrsamgeoe&soeeﬂadrsylsmaﬁs7i Ies(,sécmi@s form ng of f
center vias i n‘J

to.in t so m br ing, in
accordance with'®8 ﬁpaﬁje ﬁﬁéﬂ?s%%fng 03’? ﬁoém?q “bs{a‘g'al ﬂ?eﬁﬁme o eE taacef)iéglg?ﬁjs at 200.
In 202, a Whueseectively, fioh tHe gevahstrigenterf oftheir epeativk layds. Alsourefegmstriofenters ofiylast r at e
such as a BSRd &amspmmarlaaeo edgﬁquﬁaﬁs&em@& the Ehche aractedgeoth@w&ds I and 130

P gf n,g' dgfie ﬁngg e(i\'sl lgq,e]ﬁg ?A{lﬁ} \8% é%nan%gg tfvely,?xﬁvc gu\?staGhallézhe safne anﬁg’, FoBexaraple | | I ng:
however, tthesesebiseentsfs 13Grad 13 vions 139 and 181, reerectivilyrire eagh qffset e the seﬂgetrlcand any

sui tabl e pLRGEER, fs@fofther@apswvewanessm@al@1)b¢nle@eegee§mhreeﬁndammaman grid _
m croperforation 9{%5[ 5\2 bl astl ng, etching, and so forth. Each via
i s formed RRTEE Gr?%’"é@& P{EoePer (e.g. geonetric center 136 of via
134, FI G 5) i nlthoupledisemadyert hmeemdqdh@agiethmla@gld%.wt@gonalmettetnwe shedgie of a
lland (g 9. FIQ%OtH?Jszéngnn@e%B%rnot% e LH ARtk B3uR b pAtt@rHQnd]it?’(Qn befihflememds | N one
enbodi nent, no vias are drilled or othervmsfef% %{c ng%? trlc center
of a | and. “ihGRE\ALET ty‘ieﬁdﬁ‘t‘tﬁ‘é‘?thaé%?)‘@f‘?‘r‘ﬁ‘?'?t‘“sa“’(/? A et BEORLYHR FCRTSOHEF of 1

cent er or mNingiedd and siZBIviasiee teititelayd abtgal difset digtardce, nifstregle, widakchbei ng drill ed or

ot herw se for n% 6B alcRRG- s@d&ﬁltvqe@to?ﬂ'le Bda12 :{%\ﬁ{lh ﬂh Jtﬁeﬂ@dnk fineQf0 dr RIS, A/hrﬁs are
pl ated or otherw se coated wi.th an el ectrl cal Co‘ﬂigi%ﬁiﬁ nmat er such

. as copper . P efditian apfosssgstigrabyiew ?féthSQac{‘a@e {foa I'g&?‘i'(ﬁ%bef%“@'e & In 5T ?“8 f or med
at subsi antithahd epbidineniad ireingbntinh aPERS] 12 and IG fabkaged @0fmat an plectroréarssemidy thdt canhei r
respecti vebelp‘,;:;.poq@n cqeetmgm S)Qiﬁt ances 140, 141, FIG 5), As was di scussed

. regarding FIG 9, the substrate conprises at |east two grou‘g | ands. The
geometric cent éPESHFAPLE TP iRPREdt STaHaS R EHT MO group™ ands are
of fset in substantially the same 20 direction; i.e., the offsets of such

vias fromthe geonetric centers of the respective | ands have substantially
the sanme angle. For exanple, in FIG 5, the geonetric centers 136 and |37
of vias 130 and 13l, respectively, are each offset fromthe geonetric
centers (132, 133) of the respective lands (130, 131) by ninety degrees.
The grouping of |ands having vias offset in the sane direction is further
illustrated in FIG 9, wherein a group of lands 151 to the left of dashed
line 160 has vias 152 offset towards the left, and another 25 group of

| ands 161 to the right of dashed |ine 160 has vias 162 offset towards the
right.



In 206, a material is applied over the surface (top and/or bottom of the
substrate, including the interior of sone or all of the vias. The materi al
conpri ses WOtREM3 | y expansi ve substance. The thernally erpansovesr:
substance can be of any type, including a volatile organic conpound. The
thermal | y expansi ve substance can be a consti tuent of a sol der mask or

sol der resist.nma a solder flux Qqr der S 30 of a via
cappi ng nmat° %rﬁ'"é{’lga%ﬁrf”alhﬁex'gnsb"f SLETE, B a§ovl“\/fgnf1?’ & lr“l&%fﬂ‘ ﬁ‘g‘iﬂ rt’“g?sl al that
can be applveks thegnathhexpmsitsanaterl aucl 9p vaatile omchrots@urpr Tigpartiglaglevebd vin filf

operation. lethmﬁ;ﬁaksln;ere@xmamevtﬁe I%Qﬁrﬁl@&ﬁ b&¥GecRPlolcBty L O the umoer
and/or | ower surface of the substrate, an 1Cp acka?e havi n

plurality of cofft léfc?f"§°d(“é?m§h°w§a’l%%rﬁ "E)‘%ﬂ"llé4 '} ‘ﬁ‘"‘é“lbﬁf FaPRyFeimgteriy! frofy via cap 117,
conf i gursat iHowgven ga fil i1¢ree disaindude pressysiecivénpredidnes ahdznlds pol. Adrgesgiudist r at e

surface. BQPJrﬂo,%AQm@a s&@@ws@ga@aﬁg %ﬁeen,u(e%p;grsu@acéﬁb gk%sﬁ?zf;ofawp%&q&@tl on) is
carried out whi t he sol der contacts and | ands are heated until

they el ect r"fst‘,’%fl"F ﬂ?"démf WSS Riin Wps {155 vere i oy P9Rttea miglativaly minpepart gfiyjs
oper ati ons fitlésicri bed above with respect to FIG 10 can be perfornmed in a

di fferent order Tlteﬁ%slc%(as de%@%? Jf@é%ﬁvn?géagg%éa{) 1‘17*(?]%9%1& Oigﬁlf"l lg%§c ribed

herein. For exa cou fornme er the vias are forned,
for exalfpl & 5°HHP?SHJ'W§‘AH‘E°%‘§?é’faa{“l°b“rf”\mé’??“‘t Yreeap HY emicosppgisespoxy, g ingj as ar e
coat ed wi t hnotHeambsdingeal il dﬂn Gbﬁﬂduﬁlﬁltn\iefeﬁﬁ&&ﬂbcﬁljhate RGBaplﬂicasadmpbsaawnﬁayxpe of
?g:’)rsr:agag]? gn(%‘e% ha?tSs é)gma‘?@ or en 1rgl%fu?e%m)o%qﬁﬁegnslal g’n ;31 ulﬂ%‘umlflrea{tment’s l% ermb(& meant Ugf, ?;I al
ceram c, anistild Vialc‘i?é“ﬁfﬁé“lé?oé%fhle PQ‘E‘S!P OR%meer@h’el%bﬁttb%ésm@@a}g‘@rdll:@@ that is
nounted tovwRECBs.112 can be of any type, such as an I C or other sem conduct or
devi ce; 15 passi i such _as.an | nduct.or ac resi stor; or
any ot her kind Y P S(Ta ¢ r‘ior(':lgfsesgrp ﬁgi’tég’f’ ¥ SRiCEEaY a:eClF‘Bra é) fcﬁmac% Y (%:%‘.]
conponent i1# ffetc%agéms_mleptyca&mv@ﬁw mategig{juch s Sdf'ef a?‘?ﬂﬂe"tbybézﬂ ap9th as a

m cropr Ocefaﬁﬁfxxnﬁfelymeﬁd’n@@ﬁp& 58] dn@fitch SARABN Y. SbldeEbhlld 122 APPghed ot te@Bler&PReh f i C

i nt egrated egl JLGUl L ](OASI C), digital signal processor (DSP), a radio
frequency SRaihe s Bh anplifier, a power converter, a filter, a 10 cl ocking
circuit, and thk alsitirguenpsresionElisotbediits refreacedi]Gi Trbglew thowldgrbely it 2@nd the

signifi ;sz)antaénys mmmaMﬁ&L beedlcbaB it doMer Pstels nearémétdiﬁnbsmsur}e&the rﬁmsng pﬂ&meen t he

el ectrical cts el ectro ne

t echnol ogy ’8‘6 %H‘éfﬁl r magerigl, 8015'5%[%%2 HF$HS°@?rP§§7§gﬁe"\'} ae‘gé&uﬂ[gﬁd"g?%eﬁgpondl ng
Vi a- i n- pad ctuygs nds AHE10macksas hEtancierds 104 of RGB 1 1200 bepme athysicalip endteledrallydsrpleBy
form ng thepdadsohdd Vvias off center from t he georret r| c center of the |ands,
the force requi el d_for t esca | ooni ng _sol der balls
is significantl {}I t esé‘g”ésﬁ'é% ngizc’tfgg’ﬂ‘és&ﬁ’ %Eé’a belgof gé%t"la'élﬁé’f%ﬁge %i‘?&”’ggf hi nner
bal | oonzswals¢ldenegawenperttio inpdhivs@liaceg | soldanbdllh argifalldoting byf gt touThigesinadeprdanes With| | ooni ng

sol der bal |O%et.n90d}ﬁ%&tofmpiln@hﬁohe gasses nore rapidly. As a result, the
| i kel i hood that _adj oi nlk?gg sol der bal | tact with each 20

other is signifMegiiarckpesiices copygnedf p*{?gﬁ%ﬂzﬁﬂ‘dgjg&ze’ﬁﬂgﬁéﬁ toeq puing
quantity ofrefls@bmietiont Olderduil22 beaomé haters di aldition] 20y MOCHetinEleln4 within i€l faek age
contacts an anti %ar!%umt\fﬁﬁvla@iﬂ(iiﬁl "in t-lg\b@erm%n BMIWﬂ;ﬁJvéntegi’r&f?S&thf pr ovi di ng
stronger sol der connections between the |C package and the substrate, thus
ensurinyg greuvEry f@prabiPY v B! he el ectronic assenbly and of any

el ectroni c syst bmt ME@EspOE Ebmengorstetiermillipodamgvrintieds sadrhevia fllin 14aekdn b¢ on, t he
present | n%?cﬂ}gk Qﬂctﬁggg&§§to%?mer lﬁhlﬁlﬁstl?e% fﬂngl m&& nfl?rrgé tbiFes llﬂ v&tﬂﬁthw ci ni ty

of the via25 I'n- ecause bal ['ooni n(rzj ba vent easjer and with
| ess for ce°"°ﬂé‘&gd’i!f§t@’ sglder &alls 18- isig oiderpglls | %?tm ‘fi‘é*\?%la'l"réuyd{’/%'i’ae‘%?ﬁ‘ég di&cthi gh a
. surface t enmsae, feforeatiiginiagiiofderdals 02 chiteucis dikydett sd@lot all oftdases thitlaie sondet r i but es

to a ITDJ e ‘%Lm %I%lgs 1611 tgt}%egi'\gn@ Emé%%af? n%\ts 12%‘%¥ QQQ\Q’& llaﬁrcgﬁsﬂg soﬁcf@:%al&ﬁ@ﬁt@”t

i nvention can er o ferent enbodi nents,

i ncl udi ng aubptiatinlly Golieese. ¢ ‘éﬁf“f’%ét‘?tﬂb"fg‘e el foldpreballs 222 remefa i PRELEFEER PRds at | ng an
el ect r oni ¢ 120505 ETpatkyge 120 mdifask 1@1ELCBAM2. an el ectroni ¢ assenbly, and an

el ectronic system Oher enbodinments will be readily apparent to those of
ordinary skill in the art. The el enents} conpositions, geonetry,
architecture, dinensions, and sequence of operations can all be varied to
suit particular product and packagi ng requirenents. The various el enents
depicted in the drawings are nmerely representational and are not drawn to
scale. Certain proportions thereof may be exaggerated, while others may be
mnimzed. The drawings are 35 intended to illustrate various

i npl enentations of the invention, which can be understood and appropriately



carried out by those of ordinary skill in the art. Although specific

enbodi nents have been illustrated and described herein, it wll be

appr eci at 80 P3/05#838 WO 02/ O . i 838 PCT/ US01/ ~~721 t hose of pcdusemprakill in
the art that any arrangenent which is calculated to achieve the sane
purpose may be substituted for the specific enbodi ment shown. This

application l s Th@é@ﬁd@dfth&naqg-\éﬂrstnﬁtﬂﬁé 111%51!619& 1atcuoomntmsutev§gnnfa;nupta&e@a}l t he
pr esent inv hi s .i nvention

be I'imted™ arﬁ’i‘e 09131@,1;% I%I g %Sd5°“a“"feﬁ%§“é°&"§‘“ }' ?f “”?‘F‘F PO S}'“"‘a“i“éﬁ“s“% 02/ 0e838
CLAI M5 Whain Fle3 efil@r prtigll 22 gihe strong)X ttentdh B3] oG mprkags 120 @ well adsp laeda 1G4ogPEB pl ural ity

of |ands omaAssmhfufa ﬁorgrtexampwmwbats@zz haed hikPsuftRE @AsRE th@Raudds foldealsQs2, Vi @ i n
each | and. -4.172 ngﬁ%@od recited in claim1, wherein each

| and has a?® %'6 (E‘Frlf?r?f"é'h*isé Sta&ﬁﬂl"s wherein each via has a geonetric
center, and whdtomever, baaikse wWes &l Siag offseirwitkid lavds L0, the Bll@esdoreed by moltee sdlder bailn  a

T eg' on bet %%@ass'lnlﬁetr]él QWEJ lln&lt pZ?thsﬁﬁer ﬁaﬂqntolﬂ%e ﬁ@.ﬁwr@fua ﬁSllsQ:QQLst togthe The
nmethod recited in cla eonetric centers of vias of

adj acent | ¥pt aag 184 thl"‘gﬂfha‘i‘ fe %’B"s‘éed’ﬁg Pfa‘i?ll o 51137 (Thiereuniisgesiss P ATEREMOEA | The
met hod recneideﬂfrthectlumemvaﬂ segure 125 iofsolden balll1e2. fousitiesegraldpenants 1Znf ldie104i as ar e

formed l(py ﬂ(}é r&n@ ?lgpeﬂﬂgl toaérds c@lla&e tbgfgre ME & etaol;[g lfllrérJvJ lggz eh«gzgl?to {oﬁtﬁl bet ween

t he georretrl cen g} a |l an recited in claim
4, wher ei n2"PfaErA9f g beak aaﬁr'i“f“P éltﬁ‘"'céft’t ?“f?é" cg%h%&"rﬁmt '&Sé?ﬁsﬁﬁief Biterial prigfausadiedns The
rret hod r ecitts 6k shdak faligae damdge tavhrels N vi as of adj acent |lands are drilled at

substantially tdh 8%90??3:%#64 A2 55he gie&{}@#&&%or&%@%% atx_lf\C \}3‘5&9&«:?5& mQJCﬁ'EJH

reSpeCtlve | an S, erelnt sets ol suc romt eonmetric
cent ers of Withpae gnsediasst of (reinveatifls have substantially the same angle. 35 13
WO 02/ @y 838 PCT4sWIek! consdgddnce of vias 115 being offset within respective lands 104, solder balls 122 flow

together with the solder paste 116 (FIG. 6) of corresponding lands 104, causing solder balls 122 to form high
quality physical and electrical connections to lands 104. Even if outgassing should occur, its effect upon
solder balls 122 is inconsequential, because solder balls 122 vent easily and collapse before adjacent solder
balls 122 touch each other. The resulting electronic assembly achieves a significantly higher level of

20  integrity and can be produced at a significantly lower cost.

FIG. 9 is a top view of an IC 20 overlying a portion of a substrate 112 having a plurality of lands
151, 161, 171, and 181 each having a respective off-center via 152, 162, 172, and 182, in accordance with
one embodiment of the invention. In order to avoid the possibility of asymmetric surface tension forces in
the molten solder balls (122, FIG. 7) pulling IC 20 away from proper registration with lands, such as lands

25 104 (FIG. 7), during the solder reflow operation, the lands for any IC are arranged in two groups, so that the
surface tension forces are relatively equalized.

A simplified example is illustrated in FIG. 9, wherein one group of lands 151 is arranged on the
left-hand side of dashed line 160, and another group of lands 161 is arranged on the right-hand side of
dashed line 160, Lands 151 and 161, and vias 152 and 162, are shown in dashed outline, because they are

30  beneath IC 20.

The vias 152 in lands 151 are offset in a direction away from dashed line 160. The vias 162 in
lands 161 are offset in the opposite direction.

A similar arrangement holds for other lands 171 and 181 in the bottom portion of substrate 112, in
that the vias 172 in lands 171 are offset in a direction away from dashed line 170, and the vias 182 in lands

35 181 are offset in the opposite direction. The centerline of an IC (not shown) to be mounted to the eight lands
comprising four separate lands 171 and four separate lands 181 would be aligned approximately with dashed

line 170, in order that asymmetric surface tension forces in its solder balls during a solder reflow operation

9



7. A nethod conprising: fabricating a plurality of |ands on a surface of a
substrate; formng an off center via in each land; 5 applying a nateri al
over the SUPPHEHSH the substrate, including the vias, thepossHi/ a2
conprising a thermally expansive substance; aligning an integrated circuit
package having contacts conprising electrically conductive material with
respect t odolnB@adsexdi8to sBfdo b€ alid Ng t he eI ect rically conductive material and

the | ands until 10.8. .The ecited in wherein the
contacts forma I(%og%lajg?lw gt o pehog o ot e ‘ca a“ cie gicgsserllyt gaﬁﬂ‘flhr%%fm?“g‘éi ted in

claim7, wiigertpryiag lhénmldvhltamace'@mllbslésﬁ"rmabminatm d@rdgregaith cve wadrourd. 20 10.
The net hodthgl%httogdrhhnletgddegbgmszt,ooo/mere| n the material is fromthe group
conprls ng a s a sol a sol der paste, a solvent, and a
v a capt 95 11 I Re BTN B PR R R SE Gl f PFE: BRLEEMRal |y
conduct i vesepregirgrcentel and angiee, 6@ SndIG) ther geoB@ricknier THendwebdgotb8(WGISted in claim 7,

wherein the conj a’éﬁtastllan @rnﬁ(@lln %ﬁ larp!ahnl oRe enlbgﬁlme};hﬁe HEEJQ %Jd%? hr‘lﬁg h'o»Oev l aim 7,
wherei n each | and geonetric center and an e erein each’ 35 via

has a geonBt¥9Pe °fé'§h'i"é‘}“°“ 'éPfH"W&F’éFII‘i“ge@E Py itablg 9§°°?56‘r%h‘!€’a“%"tah°ail beussdeonet ri ¢
cent er i n schragginchingh@troyedaativl eblagjephet Hdsingcehihg ind anfti. Bechedgdoradd vathl and. | 4

WO 02/ Q($ L%%&)ng!gc]— éeHéQJé %Zlgt;lic c’l:4cr 13'3'5%5’%&'}@@' Sfﬁgkélﬁgwo P%e%&ometﬂlgw erein

the geonetric centers of vias of acent | ands are In su?)tstantl ally
the same d"f BeedeEHt 2 land (g6 seomgigie ?Fét[“h‘ ndl gdeg 138 of 14nf) 130) E1G ). Imone gpbogiopnh npny t he
form ng opésadkdid dreerwisefrnti @ th edontlc dater df d lintli Mgveveyiasined emb@iaehis liand has an

edge, and yhergl, H{lﬁ YLAS AL EedLil1ed in a region between the geonetric
center and tﬁe et aeﬁﬁ%lé)nd’.celd 16. The nmethod recited in claim 15,

wherein no via %”@e‘t‘:l?“i“)/ fodhg unfinisher washeipgsified; op othepyite &rmegrin the substigle, thg Iterioy,. The
et hod 15 ecwdileet tHe Rialdreyildied 6 othakhse aiat!ad \iVlfh ah Ei@trR4MP boptudye apeiag bicka cdppe. t hernal |y
expansi ve subs t\ﬁﬂc adﬁésentqa[x)ag (<|: eganc}s ﬂh@%)e [?nrrgd a(t)substta\xll\{i)ally tgxlv saa c?s né“ as, and

wherein in the hea ion pansi ve stibstance reS|d|ng
in the t\/\ofmatﬂ‘e&e@m“cvﬁnwoftéﬂf fﬁPWtbfPtaECH(efng@alfﬁ’llﬁ’gFﬁﬂié associ ated contacts

to be bridged 2QwiduobustedRedrdp¥es. aNig sma&ampﬁsea&t&asmbjg@@asedanw Theat. 18. A

substrate co p each {] eonetric
center, V\,ﬂgeomrg)nc cen{ers%f Yigs o%jalﬂjz(gnt lanXs thfun a érm{pﬁ)f lrands are of] é’% jn substar}{llal y%gtsanv%l th respect

to t heﬂgedﬂhreqtlprl,ce @@nffms oftﬁﬂchwhefrqﬂetmeonrs@c ceTiqrs ofdhetsespertive ands bave subttpniiatly cl ai m 18,
wher ei N eagdsahedgle. frasexaﬁbleeﬂgm 5,0 okt RGNV b 11138vidd 198BS i ¢ 30 center,

and wherei n t ve}ygaéeeg& ﬁ‘l tgg#meﬁltcgenters@ﬁ”l l)(é% Ireépe%welg 5890 P?ﬁ; ween the

geonetric T8 ocia
mnety degrees. The grouping of lands having vias offset in the same direction is further illustrated in FIG. 9,

wherein a group of lands 151 to the left of dashed line 160 has vias 152 offset towards the left, and another
25  group of lands 161 to the right of dashed line 160 has vias 162 offset towards the right.

In 206, a material is applied over the surface (top and/or bottom) of the substrate, including the
interior of some or all of the vias. The material comprises a thermally expansive substance. The thermally
expansive substance can be of any type, including a volatile organic compound. The thermally expansive
substance can be a constituent of a solder mask or solder resist material, or of a solder flux or solder paste, or

30  of a via capping material, or of a processing solvent, or of any other material that can be applied to the
substrate for any purpose prior to a heating operation. The thermally expansive substance can be applied to
the upper and/or lower surface of the substrate.

In 208, an IC package having a plurality of contacts (e.g. solder balls in a ball grid array
configuration) is aligned with respect to the lands on the substrate surface.

35 In 210, a heating operation (e.g. a solder reflow operation) is carried out in which the solder
contacts and the lands are heated until they electrically and physically join. The method ends at 212.

The operations described above with respect to FIG. 10 can be performed in a different order from

10



35 20. The substrate recited in claim19, wherein the geonetric centers of
vias of adjacent |ands are offset in substantially the sanme direction. 15
WO 02/ 0i - Y80 82/¢53FI8USO1L1. ~721 21. An el ectronic assenbly cpopuseiiAgii an
integrated circuit package; and 5 a substrate having a plurality of |ands,
each [ and having an offset via, and each |l and being aligned with respect to

a contact gfse &e&ﬁbedm&&grffa;&ﬂng@ tﬁ@uhud; colB 6d6ErBRd aftdiQhed s arJ@ﬁe@k&%&ﬂ@' c assenbly
recited in Qla%, nsi ve

Gubst ance PO b ot preiey P SRt A s B S LR e EERERE { ne
integrated cir@gBtii3zackagayr of shtrasran diyieitklephieshcotnb@edtaads mamtkdcehbact s ar e

subj ect ed ﬁ]é?erxtﬁ(ﬁ-&ed oh%ly%ﬁide d: Jﬁﬁabﬁlopgﬁ;fndf Rk, sﬁt@fﬂ% a{ua&ze&}atnﬁdanéi ﬂﬂelﬁ(lea' m 22,
Wwherein the thermal |y ‘expansi ve su bst ance conprises . a volatile organic

compourt. 20 24T.heeﬁ‘ﬁé‘caéf"&??'}“am‘@*’é%gém“g?‘ i} BenEy PHR LG PRt RS ei n t he
ther mal | y ®xplnsitheesesishsitcindeics opasive siesenesush@s atindhdor,|capegitbrelor rdsigtbr; dramys  a

portion of . ARLLLRka bl REhDSvEE QR LRSI c%&baaatﬂgacga §1%EI§£ 1BSkpe 4 SOl der
flux, a solder paste, a solvent, and a via ca § e el ectronic

assenbl y ri&¢y P"e%l“"] a2 Bicpriiesy or TRt qHer; pmory é’t‘l‘iﬁlé’ 2pRlrfign; seegifiginfegrtedieirggit o up
havi ng vi a@snf),kigied signal peocdssof @ISP)ld mdCltdq@hcy ciginil] aBantpified 3 dov@r @bartdnaViltedG Vi as

of fset ,in C ! ion. 30 26. Th | ect i nbl ited i
1d secand difeski on e electronic assenbly recited in
claim 21, @@?e‘rgé?n eaact&1 %nd has a geonetric center and an edge, wherein

each via has a geonetric center, and wherein each via is forned with its
geonetric center in a regi on betweercohdisiofjeonetric cent er and the edge of a

ll’ 22? t egSI ﬁ60| a}éﬁ_‘e V\AYIentB ion prow?T lcan:l'l/ fﬂ% e7dzre:l’at{21e osf hS r!c%r?n%&t?nrybe ]Ne%ssﬁpbl y
| ands are 7 destieal qoplastmof ﬂ‘é"tf@‘é(ﬁ?fﬁi"'ﬁqf"é S\?fé Asfage rauntdagenlogygprapendnis, eghiell same

di rect 1oN. grid Gray A8Vice| 26 tcrnesabrﬁmwsmm 162 Fpdsiof tuB@at@sﬂe galpmad n;mu Goada§ DI y

P:xldgg g‘gctlﬁrrﬁting%r ?‘r%peagj vias o¥f center frcp a’cge %ndtuc cengr ?q‘ t}ie llén?s tf; orce re d ?og oﬁ? a%gl g{ al):c t %/hgf

i nt egr at edV@§'ste encape ?ﬁé@d&agwlderrbdlsmmwﬁtrastiyﬁﬂgsem dygfie @@eased ﬁlaﬁacele@sx@gnd aThe

el ect r oni gtmsaesﬁagm WAGHcirgthe iclBseﬁs‘icﬁvjvamogtﬁeh vidM8is RioWs AGeRngd s8I0 bANG R véht gm@et ric
center an an e e, er el e Vi tl’l C center an erein
Che ot oo et gt Re Bl Rdbnab Peud i P AF R T b S e ittt B e

cent er 2&ndothehiesignifgatlpfeduged| Bxidr vertihg 80 enablpse sechtercibantiin pisoldey ir@mrinrinethy spléqzl | n

claim 29, uhekGtd b tEpaBGR TRk &d%@\lbﬁ{at% laQJs Wlﬁiﬁs e ovésli BEE B prolidRds are

of fset fromthe geonetric cente u in the sanme ion. 17
stronger solder connect{ons between the C,$ package andc e substrate thus ensurnxg greater rehg»hty o(i\‘

electronic assembly and of any electronic system incorporating such electronic assembly.
In addition, the present invention reduces shear stresses and shock fatigue in the vicinity of the via-
25  in-pad, because ballooning solder balls vent easier and with less force, because volatile gasses do not have to
overcome as high a surface tension in the surface of the solder ball. Again, this contributes to a more
reliable electronic assembly.
As shown herein, the present invention can be implemented in a number of different embodiments,
including a method for fabricating a substrate, a method for fabricating an electronic assembly, a substrate,
30  an electronic assembly, and an electronic system. Other embodiments will be readily apparent to those of
ordinary skill in the art. The elements, compositions, geometry, architecture, dimensions, and sequence of
operations can all be varied to suit particular product and packaging requirements.
The various elements depicted in the drawings are merely representational and are not drawn to
scale. Certain proportions thereof may be exaggerated, while others may be minimized. The drawings are
35  intended to illustrate various implementations of the invention, which can be understood and appropriately
carried out by those of ordinary skill in the art.

Although specific embodiments have been illustrated and described herein, it will be appreciated by
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forming an off-center via in each land.

2. The method recited in claim 1, wherein each land has a geometric center and an edge, wherein each
via has a geometric center, and wherein each via is formed with its geometric center in a region between the

15  geometric center and the edge of a land.

3. The method recited in claim 2, wherein the geometric centers of vias of adjacent lands are offset in

20  substantially the same direction,

4. The method recited in claim 2, wherein in the forming operation the vias are formed by drilling, and

25  wherein the vias are drilled in a region between the geometric center and the edge of a land.

5. The method recited in claim 4, wherein no via is drilled at the geometric center of a land
30
05 The method recited in claim 4, wherein vias of adjacent lands are drilled at substantially the same
distance from the geometric centers of the respective lands, and wherein the offsets of such vias
from the geometric centers of the respective lands have substantially the same angle.
35
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8. The method recited in claim 7, wherein the contacts form a portion of a ball grid array.
15
9. The method recited in claim 7, wherein the material comprises a volatile organic compound.
20
10. The method recited in claim 7, wherein the material is from the group comprising a solder mask, a
solder flux, a solder paste, a solvent, and a via cap.
25
11. The method recited in claim 7, wherein the electrically conductive material comprises solder.
30 12. The method recited in claim 7, wherein the contacts are solder balls.
13. The method recited in claim 7, wherein each land has a geometric center and an edge, wherein each

35  viahasa geometric center, and wherein each via is formed with its geometric center in a region between the

geometric center and the edge of a land.
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15. The method recited in claim 13, wherein in the forming operation the vias are formed by drilling,

wherein each land has an edge, and wherein the vias are drilled in a region between the geometric center and

the edge of a land.
10
16. The method recited in claim 15, wherein no via is drilled at the geometric center of a land.
15
17. The method recited in claim 7, wherein in the applying operation the thermally expansive substance

is applied to the interiors of two adjacent vias, and wherein in the heating operation the thermally expansive
substance residing in the two adjacent vias is inhibited from causing the associated contacts to be bridged

20  when the lands and contacts are subjected to heat.

18. A substrate comprising a plurality of lands, each land having a geometric center, wherein each land

25  has a via therein that is offset with respect to the geometric center of the land.

19, The substrate recited in claim 18, wherein each land has an edge, wherein each via has a geometric
30  center, and wherein the geometric center of each via is in a region between the geometric center and the edge

of its associated land.

35 20. The substrate recited in claim 19, wherein the geometric centers of vias of adjacent lands are offset

in substantially the same direction.
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10
22. The electronic assembly recited in claim 21, wherein each via inhibits a thermally expansive
substance residing in the vias from causing adjacent contacts of the integrated circuit package to be bridged
when the lands and contacts are subjected to heat.

15
23. The electronic assembly recited in claim 22, wherein the thermally expansive substance comprises a
volatile organic compound.

20
24, The electronic assembly recited in claim 22, wherein the thermally expansive substance comprises a
volatile liquid that forms a portion of a material from the group consisting of a solder mask, a solder flux, a
solder paste, a solvent, and a via cap.

25
25, The electronic assembly recited in claim 21, wherein the lands comprise a first group having vias
offset in a first direction, and a second group having vias offset in a second direction.

30
26. The electronic assembly recited in claim 21, wherein each land has a geometric center and an edge,
wherein each via has a geometric center, and wherein each via is formed with its geometric center in a region
between the geometric center and the edge of a land.

35
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10 29, The electronic system recited in claim 28, wherein each land has a geometric center and an edge,
wherein each via has a geometric center, and wherein the geometric center of each via is in a region between

the geometric center and the edge of a land.

15 30. The electronic system recited in claim 29, wherein the geometric centers of vias of adjacent lands

are offset from the geometric centers of such lands in the same direction.
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