31 AUG 2005 WO 02/054838 PCT/US01/44721 Via-1n-Pad Wth O f-Center Geometry
and Methods of Manufacture Related Invention 5 The present |nver§ A @
related to the following invention which is assigned to the sane asmt% % as
the present invention: Serial No. 09/712996, entitled "Inproved Via-in-Pad
Appar at us M INEHBBds". Technical Field of the Invention RETH®1RREent
invention relates generally to electronics packagi ng. Mdre particularly, the
present invention relates to apparatus and nethods for coupling the

el ectrical contacts Yk With OfrCante@eoetre midtMdtipds doMmgitaagrepads havi ng vi as.
Background of the Invention 15 Integrated circuits (1Cs) are typically
assenbl ed into packages that are Si and electrically coupled to a
substrate such as a printed ci rcum%#PCB) to forman "electronic
assenbly”. The "electronic assenbly” can be part of an "electronic systent.

An "electronic $P}é$ﬁe&ﬁﬂmvbr&onb§ 10aeH i dtRlobRLBventRE RIS a@sﬁrn@n&’theggn%qggkee gonpri sing
an "el ectrqpi gsegtsmsvgmn Exanpl es of electronic systems inclu conputers
(e.qg., deskt(g I"apt op, handhel d, server, Wb appliances, etc.), wreless
communi cat i ons SEHINS/ 796 ntitlgd “,Immgtd‘{jd-iafadﬁmm,anddymhchls”ess phones, pagers,
etc.), conputerrelated peripherals (e.g., printers, scanners, nonitors,
etc.), entertai nnent devices (?cﬂncmeﬁloﬁv' si ons, radios, stereos, tape and

conpact disc players, video CASSEELESAHIPGERS etc.), and the like. In the

field off el ectr %lptfse_sty@ef@melﬁtqq@qn@aﬂw@ehﬂromm@@@siathmmp@taﬂm ihvgesprt essur e anong
manuf act ur edvéntiorrQat&lkd a\z(ﬁra{uhﬁd \Q@%ESQ&Q@Bﬁ:ﬁ?tthlec{nbﬁéoEtac%q)ydnm{t@ﬂ{ed HRiwhi I e driving
down produ%t l,on cgsts. . his is particularly 25 true regarding the packagi ng
of I Cs on substiates, vvﬁere each new generation of board-I|evel packaging
nmust  provide incr eased performance while generally being snmaller or nore
corrp?clt in si zeI A substrate typic fg&)lnld)éfﬂ]d’lﬁdeﬁ,{gﬁs a nunber of insul altl on and
nmet a yers sel.ective , e nmetal interconnec i nes

(ref errgsd to herhgte%ate\é cmxlfsgéé {ysm and A gl ml? acq APEEY S B PSR SRS R orponent s
nmount ed on °Bied 1B supRtesug #f § Raiplekcireyft bftall’i’ép@ﬂméftfm et “electiondt afserrithf’i Bmal |y

i nter connec‘a@dontcms&w@hcah b@aﬁ dsfa;c‘elsctroan‘ssaste&G mu&lr&g skteRCieS oy BisicRl | y carry

3:‘ gn?LZ tshg%reu?‘ gs% ro ucfc&rgprhm%/an eal‘ecttgoglf: Ee.renbg} %Q%mrglo s of Clecg?(?rr%[z%%genlgci urd](b 3;"?2u?;u ,|[ Cs,
(110 pads Lomphigrs {eaﬁ grektanyspive hangifeld) sergyr, \‘ﬁaepghap@aem wizelegs cprarvgicdtions Hepicksar ge nunber
of r out10c|)ntg dd, f@l@ﬁr phcﬁgnﬁrdB@aﬁ)& nds @qgaﬂs L), Baﬁ'lpﬁtbrﬁiaﬁd ﬂeagnamt&(e@fpnm@futdarmgs tr ?cgs to
acconmoda erconnec ate
within dif é’?lé)ﬁte%;aeil}ergiméiélvgsi) f‘l‘smnstrénoﬁescﬁeosdtape fm% s tg’?clp Pyegwd\?‘f as fornmed
in 35 the cshgeeEere st pand haiean be rrade by maki ng a hole through sonme or all
| ayers of a PCB iaméfiddwedectantysiags tlQFelsaﬁ)ln&fsshrmg)mbtkhevelpﬂisﬂEianﬁgMf&m&k&rface W th
an el ectri QQerthheC podr}ija(r:lée oytﬁe.lrngup%gl alwhlle c!‘rlwmg B 1%(%9 S cos(?sr ThlS 1?1%%&?{'1%(10-@ of the

conventi ona way onents onh a su rate surface
mount 25  trueregarding the packagmg of ICs on substrates, where each new generation of board- Ievel packaging must

provide increased performance while generally being smaller or more compact in size.

A substrate typically includes a number of insulation and metal layers selectively patterned to
provide metal interconnect lines (referred to herein as “traces™), and a plurality of electronic components
mounted on one or more surfaces of the substrate and functionally interconnected through the traces. The

30  routing traces typically carry signals that are transmitted among the electronic components, such as ICs, of
the system. Some ICs have a relatively large number of input/output (1/0) pads. The large number of I/O
pads requires a relatively large number of routing traces. Some PCBs require multiple layers of routing
traces to accommodate all of the system interconnections,

Routing traces located within different layers are typically connected electrically by vias formed in

35  the subsirate. A via can be made by making a hole through some or all layers of a PCB and then coating or
plating the interior hole surface with an electrically conductive material, such as copper or tungsten.

One of the conventional ways of mounting components on a substrate is called surface mount
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| 31 AUG 2005 WD 02/ 054838 PCT/ USQOL/ 44721 technol ogy (SMT) SMI' conponent s
have term nations or |eads (generally referred to as "el ectrl cal onhgﬁ%s")
that are soldered directly to the surface of the substrate. o?l)ﬁpa&

are widely used because of their conpact size and sinplici ty of nmount i ng
One convent W&HRI058he of SMI conponent utilizes a ball grPETASPH{A7IIBOA) to
connect to the substrate. A BOA conponent has a plurality of solder balls 5
on one surface, each of which represents an electrical contact. Each sol der
bal | connecttshiplogydSNDNBT tomponemisihivhiemirzives « Baip@menlty.refehhétoed “‘eledricalcal cont act s

of an SMP CQM?@EareM@d @écuﬁto%%rfgc@mg%a&m sﬁ\hecoﬁ%mms%d widly us&OT r espondi ng
netal lized nDuntln 0 pads_ (al so referred herein as "l ands") on

;
the surface “BFUt Ha=r %’G‘Baé‘,‘tts}z%lafnggm?“ﬁ“yﬁf’H@?”W PrerERiors pre! YELHPR Fhy si cal
connect i on tutlizzdrealrib gtay BGS) @sonwvetltd thegpgbstta@. & SCAkdnipaant&ay a pOrail) @edidet el

connecti gn RELWERHINR oSMkn RAERRANE DlctrRNnElk H8A%ker M Conhd:-REE cGORBECt €d O the
| ands. Ordinarily one land 1s dedicated to one SMI el ectrical contact. In
order to faBfPRdEf&™PEEL in which conponents, including | C packages, are
nmount ed in hi gherThe denigdl tonieds,of dntSMT Sonlpnemyuch @ 2SR campohedt ardeofigedtost ruct ure. In
this struct L&El?espoﬁdmg h@talixz%d J’x&’lﬁtﬂgg bbnralngﬁgslaalsqpe%ngd tpﬂreﬂqg ‘l ds’ ’) cln%q”fageraﬂﬁe

conservi ng val uab real estat d herw se
separ at el y St ‘éﬂfdebﬁf’ eitahlish i§°‘\ﬁPé%”ﬁf‘f’d“eftﬁémlthéﬁﬁgr?te ﬂsﬁ‘@” ?Sé%“tﬁtFttl iy el ect roni c
system can kecthianohadinbeedn tit SNT dofpdRént ROS teasadneltrdcdcomhedidd k@he IGANPRAGEISI ze, and

it is ther efogerlgd%gﬁatg&mgﬁrg{){n&%&qact| ve. Before the SMI conponent is

nmounted on a substrat he substrate |lands are selectively coated wth
sol der paste. To Pt RHCASRABSADHISA FREmtnetpincidisg rpskagesaare poiBetipgiEnent i s
careful | y pasdsti¢sarieithorto usé £ €gih-pidetretle. 0hakrutthe ashbs&mﬁlﬁr&aﬁlmoﬁnhﬁpaddrs

el ectri cal %E‘Rﬁ?ﬁ%e&% \Qm?bﬁc’ el P @l ihe )} 3’)38 & ‘%roﬁé duBRK e"\!'epélate& Iaé%upﬁegby the

correspondi ng 1 e SO I's and s are heated to a
t enper at Ur e Viehae thefendg-sThe ﬁ%‘“‘%&ﬂle&é’ﬁlc SYBeqt ‘fa%beéﬁ’éffafthréd Bl rosiiadipemrso t hat t hey
physi cal |y nefige signgd f boeefpe apetonekeatlykirgdte. and physi cal connecti ons.

Bef ore t h e su bSt r &E‘O?C tlle%%%oﬂgrl%nt%%%rﬁeq OIY\A SLQW%&QL%@I’KSUEQ&@ sea’re S eCL\%X %&3169 f S Ol d er

mask or sol der resist mat supbstrate everywhere
except the [V&hepder rrts T?/i“‘é‘“‘iaﬁs%ﬁﬂ’méct“?”ﬂ‘ﬂ* ﬂ‘Psé%te “‘Flfoé‘??f‘éfbﬁlc"r’lﬁ““y AP Al i s
typically apptieet” ter thditbstindethat BitletriaRontss thaolsubsd batigndioitphag the | ower

openi ng S200f cExtE? onmgﬁalr)c%s ZQnaT)h %Esold@f%% gxrd lapc§§1% ﬁeat'fdsto ?‘tgrgéel'aﬁg tﬁagnetltnﬁe sLl@eﬂl ds on the

substrate's ace. e SO he via cap, and the sol der
paste can c d’ﬁ‘g PRAgHs s4FEPaER oSt they pgp! %i”t“i pegge ﬁ‘ﬁtf‘érf‘ Pralfeéele“”@b@ﬁ pWﬁ‘i‘a]é:Pri“&ﬂ“%’s can
include vol ati | e Betrg@auBICAMPOItaSed (MGABY pasiE)a ye Kbl @asobr sgdeciesisa VOC i s

p0| ygl yc ol ) maym%l % Iﬁrsl’. aﬁpl1gqqm‘ﬁpga£s¥até§§g~hlarge\Eg%]efla@r&r F cg‘ @1% En d strE)QJlé( glaﬂfbﬂhg has a

boiling point o pr oxi mat grees Centi g e conpar ed to the
l'i qui dus terﬁ?@?‘%ﬁtsdP‘éalléfpp‘éFﬂﬁﬁlﬁki‘dﬁ‘ﬁf’@Fef ‘T%"Sbs'ﬂaéed?%‘égéheé%”ﬁ‘ﬁpﬁfnécl’éth?véﬁs sol der

paste. 33 FamenasoR&Bese Grppiiédnd thjandd oa ihe Rbgpate syppepsucipe.ens can ari se when the

sol der ball's and 5&&519%&!; Ge tm qg!j,me SDECAUSE, LBRGHE @dor%ore%&QM{ex& VCC t hat

resides in |i formw'th he vias can expand ' %géls olyglycol,
p

Suc matena]s can include vo]an]e organic compounds (VOCs). One example of such a

which is commonly used in PCB fabrication. Polyglycol has a boiling point of approximately 170 degrees

Centigrade compared to the liquidus temperature of approximately 183 degrees Centigrade for solder paste.
30 For a PCB containing via-in-pads, problems can arise when the solder balls and lands are heated,

because uncured or excessive VOC that resides in liquid form within the vias can expand or “outgas”

upwards into the overlying solder balls. This can cause the solder balls to expand to the point where

adjacent solder balls can be left touching, creating short circuits. This phenomenon is referred to as “BGA

bridging”. In addition, the forceful outgassing of VOCs can leave voids where the solder balls are supposed
35 to make contact with the vias, creating significantly weakened connections or open circuits.

For the reasons stated above, and for other reasons stated below which will become apparent to

those skilled in the art upon reading and understanding the present specification, there is a significant need in
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upwards into the overlying solder balls. This can cause the solder balls to
expand to the point where adjacent solder balls can be Ieft touchi ng,
creating short circuits. This phenonmenon is referred to as g\gjm%

I n addition rceful outgassing of VOCs can | eave voi ds where

sol der bal | ¥ a‘}zg’?gﬁ)posed 35 to nmake contact with the viasPCEPeHtHRY
significantly weakened connections or open circuits. For the reasons stated
above, and for other reasons stated bel ow which will beconme apparent to

t hose ski | | ebfaitfer tppasatig prtd mgphesimfor eoeptierayintamaed virrdiet s tubstrele ey offdn eelajyele Sient

speci fi cat i QfnsittWhes Rovidg AreBin@Rhifi Gaptintd@@ebibnd 2 N A10 02/ 054838 31 AUG 2005
PCT/ USQL/ 44721 the art for apparatus and nmethods for coupling an integrated
circuit to a substrate that offer reI atlvely high density while providing a
relatively high quality intercokisEsdigic e Prpin®escri ption of the Drawings 5
FIG 1 issa per slm@ct1lsy@rsyac@wwatofaprwar@rcsa;{a;k P@seen@iaSK and scr eener; FIG 2

IS a cross-secti %r&ai isa %oss-sectlox&fg\netw o?{he prior art E’éB shown i i Bg Tkexmlon%vlme fO ofh%ken al ong

line 50 of FIG oh ‘a cross-sec l'c package
that is ali gnEdadigen asoerptchiong view oftah i mﬁgewatarahgnﬁmpoumﬁg@the:&mshblv@ the prior
art PCB shown i ngfdl ﬁhov& tl@%xilcﬂg't&@ldﬁblw@g FiaD2 Rig &o@l&@ﬂﬁ@@&ck@é&rdhrﬂga@ld§r0| der

refl ow oper a%dox?zrc} e!a ion in whxc icga {._nféger%'allssgel brlg ddpleto outoa?émeo VE) Iatched due to
out gassing of volatile gp erspective viewof a PCB, mask, and

screener Win acc%ﬁlﬁé@rswtwh“@)’n@aé%mfk ﬁ@mwew in apqyesariconyithiend cobpdinEIG 5 i s a
di agrammat i cadi@puivd; ew of two | ands, each having an off center via, in
accordance with nbodi nent of Lnhve ntion;
cross-secti onal 5%25&5 P EPRE5ER 'S °fttw°qan (k_‘fvmﬁa‘{c’f cé'hel 3 (l)nnaﬁcc’%fnﬁeeWITSO of FIG
4, and in 1% adelinaiohthainertios s - sectl onal vi ew of an | C package aligned to be
coupl ed to the PEB, ¢ Nera&GioflanG s 1t #dB sRRL in FEITH AL, BBMtindIfs0 &%, 4, Basent i on;
gll SI. n; Zhgsj ol gémonacmsls fectlonai(i)\rlee\»f dg‘ nqér%larcl:{aﬁe a%gﬂ%ée ccd;plgcg tg I'Qf P&? Im &ccmq%lce letggnel c paCkage
bal | ooni ng tfﬂ*?odwmtoftwwﬂﬁfg, i n accordance vvlth one errbodl ment of the
i nvention; 20 Fl &g. Bshehr@ssct mea%tmzenﬁdaeeu@rc@@em arixnwmgé @fngeedil ed to an IC
package, in aiﬁ)cgrga cgl(;ne h%gchacenpsoldergaqbar&al oonmg butnot%oug n 1VaeC(Q)HanceW1tho G 91is a
top view of an YPED d subtrafé Purallty of
| ands each Wawﬂinﬁgoﬁhf”@@ftwféent er via, in accordance vvlth one errbodl ment of
the invengion; amm. FHntwsk@cB 5t plede WivaltiadAgsuAes 10dn 1@ pdilgdRdecafandeabk e at i ng an
el ectronic assembl y.that includes formng 25 off-center vies in lands to
odment ft 1n\ ltlli
bal’ls from bri dgi ntg i n accordance with one

i nhi bit adjacen
enbodi nent of t ﬁgi 9 ﬁ@@h‘tl $9 an IC overlying a por tlon of a substrate having a plurality of lands each

having an off-center via, in accordance with one embodiment of the invention; and

FIG. 10 is a flow diagram of a method of fabricating an electronic assembly that includes forming
25  off-center vias in lands to inhibit adjacent solder balls from bridging, in accordance with one embodiment of

the invention.

30 Detailed Description of Embodiments of the Invention

In the following detailed description of embodiments of the invention, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way of illustration specific
preferred embodiments in which the inventions may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be understood that

35  other embodiments may be utilized and that compositional, mechanical and electrical changes may be made
without departing from the spirit and scope of the present inventions. The following detailed description is,

therefore, not to be taken in a limiting sense, and the scope of the present invention is defined only by the
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30 Detail ed Description of Enbodinments of the Invention In the follow ng
detail ed description of enbodi mrents of the invention, reference isﬁiﬁ m
the acconpanyi ng drawi ngs which forma part hereof, and in which i B>
by way of illustration specific preferred enbodi rrents in which the

i nventi ons W&\P20888% acti ced. These enbodi nents are descri b@ITIUROVHEF | ci ent
detail to enable those skilled in the art to practice the invention, and it
is to be understood that 35 other enbodi nents nmay be utilized and t hat
conposi ti onabrendedtshizni cal and el ectrical changes may be nmade without

departing fromt Im p&wn{lh%ntlmovﬁi%@[@&un@lfto {hhﬁo%%ﬁaﬁnallly E%%mé chBtﬁncesst@ of ol | owi ng
det ai | ed descr.i sense,

e
ot hes s aopaRS gt oonB e NIES ok She (H e e PR kP Bl b T v 580 Ao 5005
RHO 02/ 0548381bq3@1?¢ti@0l45w¢2f@ despihedideiol IePraFm@dlmqﬂqehamelesﬁentm-mamvremm@nq provi des

a sol uti on t@mtdEsePrdabhamn Rftertdhiaringd thexéffwamgmsmgdlﬁM&Eeam&@ By sﬂg&hngas
vol atil e orqf%nl Cc, conpoun

0
produce qual 1ty “HEFE fthmthar?rous heby 0818% SOIG{] al r‘sé’gluﬁ‘iaﬂlgkef‘séllegéfglﬁ%wﬁescr| bed
herein. In dﬁ@hwrbf@éipqméﬁﬁder bellsdmeiank, snablnlgmprawildpr “tpadaisih theoiderjang agiraiudngf or med

of }‘ Zet fr ?{nsﬁéaﬁtr@?aqd S8R bue bOmdThid] Mi%e8s &k RBicRHE, 8Gel ggfapmﬁl&es%ﬁe iRGntliio1 NG
sol aer rerl ow.

b ?/oflfsettln,]%:lD Fﬂg |a channelslvmtg)&pt he pad or |and, the
bal | ooni ng SF¥BlFdBFHEI T &7 FHTFTRANTTS F BLLEREE reduci ng t he
| i kel i hotd of adjraddtivh togiplfalepindrdiahteges, Heighrioved vie-mmradripiantys momehgoiftler to remain

in the sold esdngﬁvg'ttxon Mmga@ay@m@gm &@gungseh{n@&;&s @mat mms&ﬁt Juaw gue on the
| and. Met hods Q|onto a

of
sabotrate dRPOFROEPEAT e S By o m AR sty s e 86 bRty S
descri bed. XOth¢ mesgptidyention pommerckelfyeofingtitéegoi ng advant ages, the inproved
vi a-in-pad appar @muasa&%pmbi@\d&ag&orsms @mm%dgc,@eﬁer@tAgmfa@nefp@@ﬁpatI bl e

W th exi t| chnol o I cant
i nprove rpg Eéﬁ Véaaaaa%éf“%{“ g’;lyzﬂv(iﬁ Flch afea] e eac}: comf’raf’t“f;g“ Sh%"s%llandt hus
maki ng the dfpaedabays and pdplpdet Hddls hav@éallwhé ﬁﬁ@semcan hthﬁtdlt@nchéaeffﬁmﬂel ally

conpetitive. corFels]:ghdm%sd-l&l ) aﬁ‘aﬁm&tag'e%byéo@mdcbﬁanm ;amlmsesmbé?m 12, mask 2, and
screener 3. A sur

structures (only [tW SHIRPE Flagléi técmllﬂilolg’uVI P Fat ecf%‘er Seoa%(hthéﬁow i use&erem thpterﬁ’ shaped
| and 4 f or riie el v bollam dia. CGuIS|cenepritepelegtrigal eondsetivgpatang), seeh h@PI@e@hm Sol der paste
can be appl i Rekida® c@ﬁ@dﬂs ch@ﬁ‘ gacé‘s on afi&ienﬂaye@ @&&mmm&mg ﬁlﬁ)hﬁ:&f beldfth} ty@2Rr an |1 C

package can bes s(e:(g Flnut 18 t.?'plcally cucu%bl}ﬁ the q:rlﬁr art structrre Hustrgvgnn IQ? 1 v1a 13 IS erQlPaElgE inthe IC

packagi ng t eChRo e el erein the
term "via" Wawscoa’ewtqdewndﬂ hgving\g vl ‘I’@“l@dhﬁﬁﬁa’i“s@si“@F”é@‘?‘lﬂFS&@?tIe’ye“‘?fonduct ive
material, sygRaR&tPEPPELLs indidaRd by2R d@meeﬁﬁeg)blcaaﬁrélythﬁagmmmtzsdeﬁdnalﬁgmp@ hbw aces on

differe nt ! arX Sy If&er(s nfqge P%B 1t 1S r%qtnred to. connec\]I " Vias I1 éiargrw1c%ﬁi r}'orp\ced bg]:irllﬁmgz héle%ﬂ’guggr

cross-section bu prior tructure
i 11 ustrated dlarprEt P@B laﬂn@h%wre@g@ssl@mr wa'wlf e ple vt pisesictist mEdPPEF “picat ed
cylinder havdrm@stan vvaI | of finite, substantially uniformthickness that

extends parti al g%_ngd 1|x:1) Bach cf)(.mdsseclnon a onﬁlihggan YOJIJ'&? 19%&“@95 cLJteQ%ﬁl) OI’

entlrelythrough upon how rman ayers CBit is
required to selénpasien Preprrativy fsrsonw “:&P B qoygspopdine) sgidef ‘B? %Péﬁl”ﬁ?“‘éfﬁ‘i ITP ihﬁg"daa hol e
t hr oug h mask 2 is positioned over surface 1 of PCB 12, and a screener apparatus 3 dispenses solder paste through

30  apertures 8 in mask 2 in the direction indicated by arrows 10. The solder paste normally comprises a
combination of solder powder, flux, a suspension agent, and a solvent. The solder paste not only coats the
lands 4, but it can also enter holes 5 into vias 13,
After the solder paste screening operation, the solder paste is allowed to cure or harden, during
which time some or all of the liquid components evaporate, depending upon a number of process variables.
35 When the volatile liquid component(s) do not all evaporate, significant problems can occur, as will be
illustrated below regarding FIG. 3.

It should be noted that other masks can be used to apply other materials containing volatile liquid
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25 all or a part of PCB 12 and then covering the interior wall of the hole
w th a conductive netal such as copper or tungsten. As nentioned in the
Background section above, the lands 4 on PCB 12 need to be coat ed 3w #HG 2005
sol der pas paration for joining with the correspondl sol der balls
of an IC pEavg aig)o:'%]?o this end, a mask 2 is positioned overt™ ‘%ﬂf/éﬂél 1 of PCB
12, and a screener apparatus 3 dispenses sol der paste through 30 apertures 8
in mask 2 in the direction indicated by arrows 10. The sol der paste nornmally
conpri ses a " EHTH HEE 76w bPIPSHE ZcPéfPrefP(B\ﬁEfé’F of tesqlder paste %8 fRsGHRS{ &hoWritigent , and a
sol vent. ThefealethdiG. padt exanmd, sodiplreyistcodt Sritehe definathatseadhf thbwtfact tofeei2al So ent er
hol es 5 i nt Qud Bier fate ,s&fgeeeﬁamtdh%aéoqlosie&anamoecoﬁgom@m nglv%ega@&'a&nedt& he sol der
paste is allowed to cure or rden, during which tire some or of the

|i qui d conpdiertdhetsperste, dependl ng upon a nunber of process varl abl es.
35 When tthe vol atlsd @ rentigued darlwanqﬁaswm feBY. vthoapn AT, Fad. k) pesitaieo brette@pdeSidga| fi cant

pr obl ens Ccan;.06 QWtyplcgl%' e%rldlng Qﬁrards nltcl th@ﬁag ?St QQCOQ?JLSQWan%gégtﬁu cgrgpcnl: Ltﬁhat
shoul d be noted that other nasks can be Used ot her materi aI s

cont ai ni ng YO8 e ) WY %iblifte%‘f ORI TOv TP O 2P @slas@saﬁpew SRS T 21
conponent s tguthelagitrofpoentsin if cappi@Bnddalefisone thappt §pidtaemsaf otgiensol der past e
as descri bequrigpsgmgré%\;h reference to FIG |. For exanple, solder resist can
be applled to define the areas of the surface 1 of PCB 12 where sol der
paste is’to be rBE3HEYMYRmRBRAT VIHIC VTr AR e the Gribearrigipriafitsd of e. g,

sol vents, cags b?elrealpp{aibeaﬂpabm/e subNBidced, 2e. tyteRput whersshikgted BddiS Thele vAtiGOiqui@S

nenti oned earlier angd g&rtabggge g@m%enwacﬁd&@meC(lgazwcoﬁbo%ds%)chgOSI tioned on
Vi as 1 t

the undersi de of ypi cally extending upwards into the vias 15,
can conpri s8°fit%red vol atile conponents that outgas significantly when
subj ected to sol der2irefdowtiteivpe rttepriest PIMNI2 somein PIG. Dikearldng e &0 df ilpad

structurgs, ahﬁlf?&h@ﬁg a\éQLs?sEc'nén% vie® PRPRERAk S b(ﬂha\/l's ﬁxgﬁ‘e@@PéoGﬁng@&@anﬁh%cﬁons'f Itute
t he nost significant cause. of outaglasm n durii 10 The

flo
volatile Ii %ll Vi CoTrBRENTEINRe £ HITRTY RV Tetho e f‘Pg'laér 1"ia{ﬁ]I” 14t‘f‘lhé°f‘ mc‘,l}iﬁ“%e appl i ed
to the surf ateudurodn infR@BbollRued restetidl esryridslthyprmelyramsive eatgalberh ancesdile | . e. t hey

expand menoé&hﬁlc@r@ﬂoﬁﬂ 10 phEAikr level ORI YOkl M1 5hsnfildly HusteRORRR&NLS can be of
any suitable ey often include volatile organic conmpounds, such

as pol yglyéa(}?ealpyr‘—”ilﬁabe’ﬁve?“ ' EP¥ss- sectional view of the prior art PCB 12
shown i rOFI G 1 bgkeder al soprgpreliljupiateGOFIGT 2. By @ 14 ispBmdily vieseppipgmagedd frem 6h a

cross-secti pal. pew, Of fien chGsPRRKAGResRAL sbiftitresiases. ah ilcgln@ldasfnaﬁone@aamrj ng to the
prior art PCB nt al >gpan5| ve

subst ance, si&h }422a°:§n a}{iol ?‘gluc\’lai%(il%{p%fz RQ?AV\%“%?% ki er?’ﬁn i W%Ch I NShR A X?ite“ﬁct ure can
i ncl ude bot hrriedrettk umet wrfdcal of SB gesolder aaste § dresidesenh layds éﬁpﬁh giwjten it &bl such as

a volatile ;1Qsgmids§reGORPRHIChar SIEk)@ﬁlpar ticular level of via fill 14 within
vias 15 JSS er el ¥heilo|w|erl'é%t asa\%elw\é ih FIE@?OHC&C}‘(VI& lS%%rzla via cap 17 to prevent via fill 14, such as
solder paste, from running through the via. The via cap 17 can comprise epoxy, for example. Via cap
materials typically require curing after their application to PCB 12. When these via cap materials are not
fully cured, they can cause significant outgassing within via 15, thereby contributing to solder ball bridging,
as will be discussed further below regarding FIG. 3. Via caps 17 not only cover the bottom openings of vias
30 15, but they also extend upward into vias 15.
IC package 20 comprises a plurality (only two of which are illustrated) of lands 21, to which are
coupled contacts, bumps, or balls 22, each comprising an electrically conductive material such as solder.
Solder balls 22 are of approximately the same shape, size, and pitch as lands 4. Solder balls 22 are aligned
or “registered” with respect to lands 4.
35 In a subsequent reflow operation (to be described in FIG. 3 below), the package structure,
comprising solder balls 22, lands 4, and vias 15, is heated substantially to the melting point or liquidus of the

solder material. The purpose of the reflow operation is to cause solder balls 22 and the solder paste 16 on
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range anywhere between full to enpty. 20 In the prior art structure
illustrated in FIG 2, via fill 14 is primarily via capping material from
via cap 17. However, via fill 14 can al so include processing soI nt
residues. In addition, as nentioned earlier, via fill 14 can also i h%’l%@é
sol der past g f%ssgesul t of an operation in which a solder, SIO%_‘%%erl al
is applied to the upper surface I of PCB 12, sol der paste reS|

| ands 4 as well as vvithin vi as 15, vvhere it constitutes a relatively mnor
part of via fil e ach via 15
has a via caﬁ‘di%togl%w Breav Sﬁf atvﬁ“ g?ﬁ# pajigee a’gﬂ’gk‘ ‘};\ie"fs%bétfaﬁé? beﬁ%ietpﬁysmﬁom runni ng
t hrough t he s gectiiFdipcoppigd upmpeoliie. can conpri se epoxy, for exanple. Via cap

materials typi calphwsmqmerpgorwmmg sl%tvtiﬁlmd hwn@ccﬁpmtamé ba%getz@dLPgBa 12. When
t hese via cap material s ar i gni ficant

out gassi ng WeLRI AV PPEB P W%‘ﬁ}gardgffm S%% %l 15% |rﬁj§edd °y%%’ fegrepe %éﬂ?ﬁtlﬁe%rl dgi ng, as
will be df scussedVieuht hees eEﬁ@F@WCW@g&MF pegkefie| 25and 3CB A, i subjagies tolhFat Awpibz Nl y cover
a ge |b(():t t omk Oi@ﬂ‘dmlzoggasmmoldyﬂba@ 22 536bmd BolteD UL adtalh&yanab@@ lmgfﬁmfoiwms o Hleimp Vi asd)

: package 20 conprises it re illustrate
of | ande 21 S 5ot R ape e BB Pl Rt Y g e R e B Sich
conpri si ng afionethegt1f b 0hwl7cbwdq}hetpreeﬁecemﬁmefanoated ooy erpansivd rehgrial wittSohdder bal | s

§2| ?re2(2)f apmmmmtn@lexn& Mtr{ﬁ:ﬁl%ﬁ‘sh%el?é’aﬁ}ﬁheseci!ieZlﬁqmd@r}geleﬁtl@hca@&tvlasme% 4I Sol der
o > o n a

e
subsequent r % 1‘8\/\? %‘g‘mfﬁi’e&ﬂ“ q‘i Een ‘?eﬁl}@gsc‘ i “BEe ﬁdﬁer Al t%“ﬁ?é(%\?ﬁ)a“y the package
structure, dwpngfeangWisodddent shider batis 22 Bouch| ag shdwn oA areagfghoxts rglt Y8hin thes  heat ed

substanti al | Meclri€al ﬁaﬂ@of%lelgdtrﬂﬂ: sglgluﬂtan@tﬂle e!léctmrh'c QMeQLurQIan £y encc.s@lergtﬁ)ﬁal ﬁ@r{s@r“ al . The
pur pose of the rg ow operation is to cause solder balls 22 and the sol der

paste 16 on 5°3°% BAs 2005 WO 02/ 054838 PCT/ USO1/ 44721 |l ands 4 to flow
t oget her, so t hatTht geproeyy &the pib-inhr@! racckeitpstraR@ing Wl 3 toaribiees 4 badeing oflagitcerat € 12

becone p{wg GortkrbMis zﬁrsdlde%a@@tzrsﬁcﬁg; dd¥erGOHRE B0n HRRKad 80s Wh ks tofdn4 o3pGHOWS T he
pI‘I or ar

u 20 during a
sol der refl ol %ré?‘ﬁt %Ngiﬁ b’iQ 2 vmveéﬁjgiéd f%?gténﬁ*ton ‘E%Faﬂsésr“"ﬂeé\%l]%%z%g“?’ ’QQE? "dged due to
out gassi ng ofetaip@bubttantialis sphefcal pherp &ebﬁesepatlléazgeemsrlecr\utbmwmw teeconifopris &rrrg bY C package

20 and PCB 12tk 148 Whis @cdteem}xsgmkmm 2B RdirR@ilsRave b QbW ORRIA thicRRss 1804 der bal |'s
22 beconme nolte I n.add any VOCs in via fit] 14 within vias 15 heat

up and expaﬁOBS"P’f‘}?{’ér“ llﬁpsel afill 14 in the lower portion of via 15 are
prevent ed0fr om exil¢ .iig pe!%vwnwazredbiﬁ PCR A Bamash 2. pidgcrdeBer |, iy eeprdspgp witione Due t o t he
presence of uneMadoratadndhermally expansive material within the via fill

1.4 when the prior aqu;[ce ﬁ)% oH’%E EB%E)S a%bq tgt d n':[-p(?ag ﬁrugur%sﬁonp &lo o;‘ Tvlgcl:“}ll arel‘!I%Strratetge via

fill 14 can outgas ' lrarge n sol der
bal | s 22, caepstioagprrising 'd@?ldl%éqﬂln%? abppe anghcopnied &rfctial 14 (Ehp vl ip V‘Sfie‘hlmas h%’aﬁlﬁkﬁnl ng
ef fect. V\henl(gdj acent sol der balls 22 touch as shown at area 26, shorts

o oo oSSR Bl U SLERLAID £ g45d i a0 Lo
115 can extend partially into PCB 112 or entlrely through PCB 112, depending upon how many layers of the
PCB they are required to connect to.
In one embodiment, vias 115 are drilled. Vias 115 have a finished diameter that is slightly less than
their drilled diameter. In one embodiment, the unfinished diameter of vias 115 is in the range of .33 t0 .38
30 millimeters (13 to15 mils). After plating, the finished diameter of vias 115 is in the range of .25 to .33
millimeters (10 to13 mils). The diameter of lands 104 is in the range of .61 to .71 millimeters (24 to 28
mils).
In a manner similar to that described above regarding FIG. 1, lands 104 on PCB 112 are coated with
solder paste in preparation for joining with the corresponding solder balls of an IC package. To this end,
35  mask 102 is positioned over surface 100 of PCB 112, and screener apparatus 103 dispenses solder paste
through apertures 108 in mask 102 in the direction indicated by arrows 110. The solder paste normally

comprises a combination of solder powder, flux, a suspension agent, and a solvent. After this operation, the
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even total failure. The geonetry of the via-in-pad structure illustrated in
FIG 3 contributes to bridging of adjacent 15 solder balls 22. Sol der balls
22 strongly adhere to lands 21 on | C package 20 as well as to |ands 4 on PCB
12. Moreover, solder balls 22 have a high surface tension that cay$escgoisder
balls 22, although nolten, to retain a substantially spherical shape.
Because vias 15 are centered within lands 4, the balloons fornmed by nolten
solder balls 22 are fairly symmetrical, and their walls have a substantially
uni f or m t histdenesss et td cgre orhang] dd@k alibhytime &fie Sitall bittheliquiCohpoags evap2:, FI G 4 i s

a perspect 'déf,%dM!r&,\é‘{lac}fumﬁel ggggce;lsl,gnablgask 102, and screener 103, in accordance
with one enbodinent of the invention. A surface 100 of PCB 112 has a

plurality of vi&2FHigHEHs fSTFRIO S BRINYE PRGOGE SRR HO%TRFO | 8% r at ed)  each
conpri si ng matedatRdaiblid vOOE trederabioneaiqadmpoud e te ddiedro the airfd-d HoesAmBWN | n dashed

i nes) havi h ﬂg\;\k@thg%lro%ah t‘:lleQ1§e of %asMrﬁo? bé'er?apElﬁEhoP(% thggologﬂagste aYPe§cr193E atfoleQam - S ection,

but in the éenbodi nent shown are circular. can ext end
partially FelfFfeﬁceF’t%G fl@or&am@?’lfqldfréfsvci“w el oseRe tﬁ%ﬂ%ﬁ@ﬁﬁ%@ﬁén how rany

| ayers of ti1eherPGBerplyeys i@e@etdired] slick & tnds 04C BN ELEapst(07, FIG 6)pagiossdbodd nent , vi as

15 are drildodoias disdaieadhnlahed dLamlel iatul snsbiahtl | ess

than their n one e untini she I amet er of
vias 115 i S“epsigiferniraniigesugreiess S‘i‘%”ef@‘S“"mBW“’ﬁ?l lineters (13 to 15 nils). After
plating, the fi T sded lighicumgoadnts Ofthintheasiolsdritetigs tharcat ir@ppliange sofac@Bodfo . 33

mllimeter %cﬁ ﬂ@ atk Qerthid y'&ﬁax%)be qu Qﬁcesdl'eazﬁé?%\%nd Qhien R[0S 14 ASrorlufd plidn&, T @Nge of

.61 to .7 i meters S). In a_manner simlar to that
descri bed éfBHWédIFbS@EﬁFﬂlfeh6‘“?‘Wﬁ“leiq‘“dlC%EFPd‘éemiE?Hbec?ﬁa“P@'Babfi?e A1 YEE ed wit h
sol der pastreludemolpiteati abmnmnnd GOCjspiurh angplvalytoh t he correspondi ng sol der balls

of an I C packagfg, sTsoadcagsaéma%@gpw?@ofm%dsm%na 81, pagmaulhgoaﬂ@@lceqtvrevfa@%& ace 100 of
PCB 112, and screener aratus 103_di sFenses sol EV e through

apertures i{fgeﬁpﬁt“ﬁﬁéka‘:ﬂ‘) noP Wit eGSR BHTERET c,Lé”tdéHO B ?pb%t a\‘?910 The
sol der pastwe afjortrihds Fom BGNPE. ksldsy @n Boimiiirtet idaticabb lagpl WeTGppwdenszh f | ux, a

suspensi Onth@g%BnPC@n%c@n&%Lrytgﬂgd-1ntd%€l£a§rtwotdrﬁe§nt%@§ @glll@ﬁlatedtxm 6ad 1 AUG 2005
sol der paste is saone or all of

the |iqui dd‘écéﬁﬁij(ﬁ)ﬂ%h@ Sé%/oefﬁ%ll”é?’%assumﬁié‘i)éﬂﬁrf‘ rﬂ?ﬁsafie a5 md el of P ocess

vari abl es. viemsdaengiamilplaemprashvio>as nmenti oned earl | er regar d| ng the prior art
structure shownl ot.her terial s containi r ot her
volatile liquid C(g)rlrgjohﬁse?]‘fegm%tﬁ%ceﬁtg lggﬂ%ia%?f;gf b"’%td é““tglif‘lr‘]bgé‘é“a YO8t pcB 112,
whet her t hreoogthr. tkewiss &nd {31 dasmeskmegic cengdr 1330ed oredgealdp Hifiomg b oubstatialtyhe sol der

paste as d@&Qlﬁﬂﬁeﬁrqet@boiéﬁlWaﬁJh?:Sﬁl@%@&%ﬁgc&grslﬂﬁnd‘%? Fgfectﬁé rrpl e, sol der
resi st can be applied to define the areas of the surface 100 of PCB 112

wher e sol der pa$tsef ddigeeptdpnizd3Gand Bil meldimeday evhstaniially thysarse offpddistgpdes 0 andi & caps
(117, FI G 18)resp@icl, 1OAQHE c@Retlid Wnter8NHRH &b BB e s VAIAShekddhnetrid Rt €XLENDI NY
upwar ds i I’ll'BC% ax\lldi 1965 of 1Jég'p5cdtive(:léar1QS 1%6) QB IHlsar% offse (%nusqlbstantialgllt&tsa!me%lre%t%gpln ot err] gvosrdst hat
the offsets 140 and 141 of vias 135 and 135, respectively, have substantially the same angle. For example,
the geometric centers 136 and 137 of vias 130 and 131, respectively, are each offset from the geometric
centers (132, 133) of their respective lands (130, 131) by ninety degrees (with reference to the Cartesian grid
provided in FIG. 5 by X-axis 145 and Y-axis 146).
Although offset vias can be provided in pads or lands in a regular, orthogonal pattern, as shown in
FIG. 5, the present invention is not to be construed as limited to such a pattern, and it can be implemented
with many other types of patterns that have variations in any of the relevant variables which include but are
not limited to land size, via size, relative 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 FIG. 4, and
in addition a cross-sectional view of an IC package 120 aligned to be coupled to the PCB 112, in accordance
with one embodiment of the invention. PCB 112 and IC package 120 form an electronic assembly that can
be part of an electronic system.

As discussed earlier regarding the prior art structure illustrated in FIG. 2, vias 115 are shown
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outgas significantly when subjected to solder reflow tenperatures. The

vol atile liquid conponents within the various materials that can be applied
to the surface 100 of PCB 112 are thermally expansive substances, 3i1 gys ey
expand whenwsuhjoested to heat. As for the prior art structtétr ngﬁ ssed
earlier, these volatile |liquid conponents can be of any swta e tyg

t hey often i nclude vol atile organic conpounds (VOC s), such as pol ygI ycol
FIG 5 is a diagrammatic top view of two |ands 130 and 131, each having an
of f - cent er \PHEINT3A thardly eqpgusive pupsiape sigh e Vg fill"j1 1 weidsrdshéeoicns msiseal embodi nent
of the i nventell ehernadyatgand 3 ha@iitsudhdda vorflE @SaOtompdiyd. Thayartiath RGEdba liands from
PCB 112, an . 1 Q.| s..104 (FIG 4).
AIthough tﬂe {} Jggﬂsqg‘égly% riteﬂh%g% cangg@rariy\g%e emee{le%rlgot “Plast two

di fferent groups!»B$mpqdimsgehont BEHG f ViERE 14 § rppdly vidicpringaidseiel Fer vacer fidnds 130
and 131 ar e mssuiRdil 104 BeaioitmidphecsSan@vegfatips @l soldanes. Alard: 30 conprises a
via 134, an nd center
132 and an qﬁirglon lgéégé‘ea%%i@g%é%esr‘%bs%ﬁa%retdltlgjg prk/YE ' %?f?%g#a Omﬁzzr’go%g%&e 15{ kew se,

| and 131 hasesstesgétsvﬁéﬂ%atweééh\tlew vis3!ds, Ahde IHYPiceliYgenstigg @ gt yehyindrgr rirt &fulsst anti al |y
circular perimeter. Vias 134 and 135 have geonetric centers 136 and 137,
respectively. W a 0. 3L .are forr ub tant|aIIy
t he sanme of fset g&l aehséagéagg%glﬁgﬁg 4%§mra&e}§q%%at fa\‘/:alﬁtot?re\en Vtaﬁﬁ“%eo?retrl c
centers Hf taheider rpsEspacinipecyt dHaye- IAPreenbOtlhe%@é@ﬁﬁévrmccoréemeecrxs; b@ﬁm vias 135
and 136 of raearpeﬁmamndtamsmﬂgs&b&n@bfagaﬂyaaraaylatf\sectap11mcauhatlalatsd1ce}duaytthe sane

(rjle; Fe)g'é![ Iocel i}t:rt]atefc_)l}l ntq is ar all or’e{mrglyrri%leg)%uﬁ)ug%Rhermll4Ql/o?‘tlrtlgawolﬁt]tregmen}é P%he em Sglﬁlgnggégﬁ_et ric

centers 136 1%@%3?”@?11vil°a§n1>1°3Y}ftéht&“"l@@emnﬁsé’ébeét% ey, alscat"@“dela&%ﬁd igpfset from
the geonetrivas1ieenters (132, 133) of their respective lands (130, 131) by

ninety degrees (Ytﬁ&a&aae‘iﬁoe%&% 15%1%&1&?5 S SRR i@l oPEOQt\!Jtsdu%gps' et G 5 by

X-axis 145 and Y-axis vi as can rovi in pads or
| ands in a r'éyeABremPERg HEGETAL °Efzit°?‘é3r“ﬁte“aa-°§°h§ht9%ﬁ perer ieisd22 &2 of t he present

i nventi on | Spf@imately tHd €ane €At dia@th phsh ab lendd 10€ Bolde bgisith axaalixaetdtoerragx,sterad’idutht can be
i mpl enent ed .ty qpRy ot her types of patterns that have var| at| ons in any
of the relevant variables which include b | and si ze,

via size, relati V& S4rduaiopiEr %??@‘étW1tHief§te‘5h‘8§IG btehgéthe %PILF@‘I bé“S 1%%?&‘1 Witch. FIG
6 IS a Cr0SSers€ios, wbittetlave\bie voaed withhgdePERe 114, 2re dapdwabsiantiaF tg3he Aelfngk@moral ong | i ne

150 of FIG lémdu@&qhe sdlcﬂr xﬁ%!ﬂt o 91& b?rls Q%Q%he%cﬁ&tt ﬂaQ@ﬁ!S on\'ﬂn@s\/\fopflov@&etheg ’ﬂlﬂc kage 120
aligned to be cou I accor i, ment of

Phe e ent i G PeB 1 Pt 0 gt £ BT S PRean itk o 2B ERRBt vt hat

can be par tuwofeoddtime. el ectroni ¢ system As discussed earlier regarding the

prior art struct gy, thtvts%tpbﬂtﬁqftha]arels:én@wer%m b\étngaauplet% 2R [(Epa8HRWY dt(thQZI 054838 3
1 AUG 2005 PCT/ S01/ 44721 cont ai md‘p‘gtb@ e th egqu nsi ve sy stance such
Staﬁ ballooning, naf to W t

as "via f,% | |s.0 eirf ow Ftig?]m@’gl hajﬁceiﬂ S0 m m acco

tarea nit &riab wel' ™ a
thermal |y ema@pwnmmem‘{ealon such as a volatile or ganic corrpound. The

part icular |evel V@tgn tMai p@ckigia thlucture, comprising IC package 120 and PCB 112, is subjected to heat during a
reflow operation, solder balls 122 become molten. In addition, any VOCs in via fill 114 within vias 115 heat
up and expand. The VOCs in via fill 114 in the lower portion of via 115 are prevented from exiting

30 downwardly from via 115 by viacap 117.

Due to the presence of unevaporated thermally expansive material within the via fill 114 when the
package structure is heated to the solder liquidus, the via fill 114 can outgas in large bubbles 123 within the
overlying molten solder balls 122, causing solder balls 122 to expand laterally in a ballooning effect.
However, before adjoining solder balls 122 can touch, they vent some or all of the gases that are contained

33 within bubbles 123 through the thinned wall segments 125 of solder ball 122s, causing solder balls 122 to
substantially collapse, so that most if not all of the solder in solder balls 122 remains in place between lands

121 of IC package 120 and lands 104 of PCB 112.



114 within vias 115 is nerely illustrative; the | evel can range anywhere
between full to enpty. In the enbodiment shown in FIG 6, via fill 114 is
primarily via capping material fromvia cap 117. S However, via fi31 AUAZ05
can also in cessing solvent residues and sol der pa . As a result
of an operﬁ?gzﬁo’?ﬁgv\hl ch a solder paste material is appli }ETf[E§Of/ﬁ4§2hpper
surface 100 of PCB 112, sol der paste 116 resides on lands 104 as well as
within vias 115, where it typical constl%utes a relatively mnor part of
Va1 T TR ey U R B EEd ST G AR i S5 has o
via cap 117 ®ipprisviembally]2a Asivet dishbad eadiercigardifiOhegsor s tidemic gastreillugriaim r unni ng
out of the VlhﬁIG3|§olderlenezv%HﬂQQQloH&ﬂS1and¥lz%rplélaacﬂ‘a%%z@§s%l@8'€@2£n'd§1@4&hﬁ»@ﬁy but in

anot her enbodj ment it can co acrylate. Via cap
117 can corrpll%s‘ég R Ot e’r‘?ﬁ‘gg Smd??bkia@rlfzaﬂ“e?ﬂ’ékts‘“lfagetﬁé‘?‘tti’ AP S8'Fer &t 2Pely cured
t hr ough theratfedughartinop reiaint pvdntd!ptrhericabdidprent s. I n t he enbodi nent

illustrated, viamaRs, bLéaZse mtn%oyfsemmﬂanctsh@ tm&lio&mf&rpe%@mg@n s@ltjel viigs 115,
but they al sg ext end up rises a

plurality (onf§°tWesF "ﬂf%ﬁmé‘“ ieides éaﬁé%%)"“&fs“%fd” %d%é” BEPFPbtgth or balls
122, each cmdmoflsrldrl@ﬁ lathlmetté@tthem@aﬁlitft\yallebpﬂémtaﬂlllxﬂeTmmtﬁ gbsessug engémeol der .

Sol der bal | SreakiBZroR R t1@fner “@pﬁgngxmmwldyr viing. Mes%m@l%gmm%! légoflanMOzip' tch as
| ands 1030 Ider bal | s, respect to

| ands 10 r%ve aa stéon OéJenSltV tfwardse )é‘%olla(g%rl)ffd re% soldf)rgagfsazztg}?w? ér}pgqji &oéouf}b ni-:l G 7
bel ow), the xdtederto lbah prgrt W@Zﬁuf&ﬂ@t forerdo ca@@a {icaiiickat 1950 soldghmagshalivaly eavdselem coat ed
w th sol der Q@g&r@o&kﬁ;ouﬁaﬁg@@%@%‘;subst ant i aI ly to the nelting point or

| i qui dus of the r hat ba 22 and t ol der paste 116
on | ands 104 fl O\?V% gsg'l vr{PtP%E.HE? ofthe present mventli)n cou ?ed érilccgfc e]gtﬂg %?Igdgm?l_ZO and

| ands 104 of wiPCR eplPinteq Oﬁéfcmfé‘mphym cal |y and electrically coupl ed upon
cooling. 1fI G 7 &b@mctm&q@%oﬂﬂ@u@tem@b@etmtﬁlsl@mctwem\ﬁ@nbzi RNk g neeupl ed to

an | C pac kagt tzlliezr(\)zx tf(ljt?‘! soﬂg paste 1%3‘{1& %&)cg C(%lresponﬁm 01‘4‘!@91:3% rcgigull oso | pallé"ﬁ& to?qnm acent

sol der balls g, or dance
enmbodi ment o@alﬁmysicﬁ\?@r?ﬁtw conprqss 1P heds ﬁﬁclkva’g@t@ﬁwwwéswremﬁw usinng I C
package 120 sndbdlCB2 klonsdgSenttl) BieRet@d: B0 17B@4: edililahdgliapse bdfceefddj@aem@dnerr ation,

sol der bal | Sbal:l's%gz tpu%ﬁ:%qpothgplrﬁfqgg]lhné@l \f@gclagsén%@lach%Pééla%[% 41 lPhl%l:l{ilevel 1J | 114 within

vias 115 heat the | ower portion
of via 1%% alﬁtégrlﬁra’éj\ﬁé‘hhteéﬂduﬁerdéfrﬁS@?&f"f”iﬂﬁnge"s‘domwar dly from via 115 by via cap
117. Due to the presaaoeviof ofanevapetyat eshrtohek padubly 1 @ xpapspiueiyvakesi al W thin

the via fill;siid qud 1sDgch h&@rfglmp%ms;m&uew@lsb%szh%taﬁodlsz%azct}r@an&%ﬁer
l'i quidus, the via fill 114 can out%asm bbles 123 within the

overlying noi"t EHOLBIRE e Byrtos: 1§ o9 é‘é?t?é‘ierli@fs@‘g’/ EfésrymB%{ "9 Sérfai@Z?‘S‘?“J"%%Band
| at eral | y i ntheamdbaulsbldeo brlisygr2ex16.grulling IEOWeNeiom doed epigraam jmwab adgucsslader bal | s

122 can LOUCk, (BBt SRR by, 81wkt §A089 otk i 8:2, 0600k Akied 35
Wi thin bobbl ok FiG Y e AN opetibn, (X g’ggrre?ntgglﬁ o

122s, causi rfdrfa'é;%tf"d‘é‘?f"‘lﬁ%?lall%éelai‘?? ‘Pg=subst antial Iy col | apse, so that nost if
not all of the solstefifiad mraspt id@nstrbealid EG. 3 2Rereipoma b of Imdplsas erahed wwelen | ands

121 of IC pal%lﬁ%idg- g&ias‘a&%né 1@@9&1 ar;legéf ggtlp ol? Q‘l%s ﬂé%-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
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S 31 AUG 2005 WO 02/054838 PCT/ US01/ 44721 The geonetry of the via-in-pad
structure illustrated in FIG 7 contributes significantly to the eagl UG 2005
col | apse of solder balls 122. As was discussed earlier regarding th %AB
art electro ',602;0;4¥§§ure illustrated in FIG 3, solder balls 122 adhere
strongly to 1721 on | C package 120 as wel |l as to | andsPE8ASeHHEER  120.
As with the prior ail exanple, solder balls 122 have a high surface tension
t hat causes solder balls 122, 5 although nolten, to retain a substantially
spherical sh&pe cyspilieiCetsiddemati®e vias 115 are of fset within | ands 104, the
bal | oons fornmed lmGnolstabw sigtaer: fpathd & fabrk2idg areRctasyNIERbYY ha &lcludedfagningal |
segnent 125 I to the
edge of IandQfff 0. tgrlvggﬂlalgﬁsrtléel?%%d&ght {%{eagg%lls gcg? %Sx 1 \f(écg’?a}éél %%F 3%9?,?&1 52 Thi s
pernits gass&§neptiopeThy@sbeddbeginidl r eadi |y from the thinner wall segment 125
of sol der sbal | 122 202Jdpusalityheises snethtricatee gratrtase of 28bsofte k@R CBOAacH Bndhasse a
SLrong propeshLy: el . FALL kb LADRG. DELOM S LOG SQufeRal | S 122 grow
| arge enough“to touch one ~anot ther reak apar h' 'sufficient force
to cause a Si gnl fIp 8%t Viq ipfrnedip e%‘b‘P‘He‘rno’l‘?éP@tdimé’F thedl‘isa‘treof"l@SELPéé“lélﬁe*zﬁl’vevelstress or
shock fati guee staigBe: ifventlonin 66 lidi@dwo diftlidg anBanp HBIBE plots f(P%mﬂ-gJJBaS&ﬁlb&lhﬁ present

I nvention COHBIL %gun%-}gng%crlopgégggrk%?m lgsgl*blalstlg gtghg ragaa ?O%]il ctvt]a.lso rme I'IROdI nent

of the invention Irect cohsequen set within
respecti V@ | Hheqynetio gentei(g - deop et adentes 13f2’9“3fll3‘bWG i)(‘j’gaé%cf?élae‘wrtt?f 85‘%@“5 ghidfer paste
116 (FI G 6) atifiheeqt sras4poRg] sgheliantle 1m4dedgeaw5dfmgi 1sml=1d3esy 1aa@hd embckiZntfr@ form

hi gh qual it ¥1aSQaP; (§§ llle(a %] oth%xQ\dSe m%?%t Eh% ge%llnetr?ccgg}n@?gf | daer %B\twiq T,r 1§Qgeée1r;]bgélmen§\(en I

out gassi ng shoul d occur, upon
i nconsequent Faalbefo%ﬁé%%géffﬁ%ﬂe’d\é?n Bl s 122 vent easily and col | apse before
adj acent sol der $a8dedusntly BlhetupfinbiRd @aGEANAIRE br. othdhiBe fo@Baln the Rgstak, @G tntefBt C

asserbl ¥ CNLENER AL ONLLLPAILLYcOLADGL, JoHE), 81 qR LLEILELY,A0d oan be

produced at a si gnl I cant cost I's a view of ‘an I C 20
overlying a porti 9 °6¥dlaée“§@ﬁséf$éi‘t’dél3fllél - B G fognﬁﬂla&j&*batﬁrinfllytbﬁfamFélﬁt{’ge 151,
161, 171, antodBdgeeatdt chidivioneir@espeBpBLE (e Qisticks-1eenImG.8j.a 152, 162, 172, and

182, in accordancg s 05 SRR FR R odifd DUERL O okfandwﬁgr to avoid

the possibility o {ric surface tension forces in ten sol der
balls (122, FTOG?fWCf“tTﬁiﬂf Viprpadjaesntddsaiia 2§98 A BT gPeryaly POA™M t h | ands,
such as | mndslr%n,]_@ékhe(dﬁlse&of shgh, viaglfetin tReGpedniatic @OErCE the fegpbdtioaanaaveattitailiyt he | ands
for any 1C arth% sagir Engiggzea\axgplé MICQf %gge%getﬁcc?:enttetﬁ% 3515.'%7 Ffafﬁg TB‘@Q{% 1§ ension forces

are relatively exar% Isillustrated in FIG 9,
wher ei n one gﬁ%ﬁlﬁ%weFaa}hﬁéetimthﬁ%on&}“faﬂﬁﬁéa3 3y oh e et g st 08 of dashed
i ne 160, andinay®irkeerThgeowppg dfianisanttg viddifsel is thamadigeioh iofrtiehdusirdtegtFItiand si de

of dashed | lwngem]a6g0cmp !ﬁ%&is%S 1]151:11e @fpg da’]s@@r lme%as%a@%Z ;]rf‘ésgt t@\ggs tmgﬁ arfd En%thgrhown in

dashed outline, bec neat h The vias 152 in | ands
151 are o?r5fsé‘tO“PiC’ﬁla%dsbﬁlr“étéetfigéﬁfdéﬁké&}m? W%Pf‘ftﬂ%iéf‘?é’é‘se Wédsﬂ’ebg.ht The vias 162 in

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  ofavia 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
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| ands 161 are offset in the opposite direction. A simlar arrangenent holds
for other lands 171 and 181 in the bottom portion of substrate 112,03'51 g%ebg
the vias 172 in lands 171 are offset in a direction away from dashe fW
170, and thgoAsslB2 in lands 35 181 are offset in the OP osite direction.
The centerllne of "an IC (not shown) to be nounted to the e g thdfd
conprising four separate Iands 171 and four separate |ands 181 would be

al i gned approximately with d line in order that asymetric
surface tenékloifﬁesf’k??dé‘é’§‘“l g ?Xf”EPI"' tbﬁl 18’8%°°‘B%1klelf°§“‘iﬂﬁ?ef fiyvia 8 B PEFPbw oper at i on
9 3 1 AUG 2005z W3202¢p88iib8 38:n RETelidBO1 thedviag 24 codter! with lerulls @ontilagve n@ertad sl i de to

one side. FIG 1f-g8;&nbd QWA RHNiE el'JZ%&cEHQanQIemE épﬁe'n%%édrkgch@{'a el ectronic
assenbly that includes form nﬂ off-center_vias In lands to I nhibit adjacent

sol der bal | SFFORTET T AYY TGS 2 M ab&eféwd“aﬁf&éﬁ\}ﬁmt Blasyieerta A5G FARESF  t he
i nventior. The nBthiedicbegipsntdtthe2@Bage B0 fha is2Entedzo REBUF2ackd Heyf 0f tydeandls ar e

fabricated qu,ac §%&§éﬁ§co%cu§ de%HQ%aEs@E Qer&H%ﬂh ASh ABGBapERCH [LRpd.has a
geonetric center and a has a geometric center 132 and

an edge 138 °PE[E °f8'f°t‘1°?‘r?‘ %tzf’“”&ev\%ﬁ & “ie§le‘1“6?‘Fﬁ§'H’°’ie?{ “’é’é‘éi‘ﬁellzﬁr‘xsd‘“ 1G hoap preet
enbodi nent , atyhge,vichs aatieopfogssaedmioycogtrolldrIniengy cilnowevestion sptctie inggapiiraft t he

invention i %Aﬂ@t d1élthlmgr§a?;goctsg)1 EHSP)I Jljaﬂ)g”veq@rggcn@lnﬁ/an%lﬂﬁ)l% g'b;J pgwap qu%ﬁ§sa fﬁtgr form ng
Vi as can, be used such as punching, mcroperforation, ablation, 1‘aser

bl asti ng® etCHFRgRHd "€ orth. Each via is formed with 10 its geometric
center (e. g geonetric center 136 of via 134, FIG 5) in a region between

t he geonetric center and the edge ofCo@]u;@nd (e g. geometrl c center 132 and
edge 138 of land_130, FIG, 5) one _enbod vias are drilled or

ot herwi se for nedﬂ}iﬁ’restei’fé“@‘é%"tv‘l‘j?sé‘grﬁfgﬂ‘fl-‘é’fnp%‘fed ﬁllﬁbﬁhﬂftheﬁ&@ﬁé%"é‘i&“l"i‘sﬁ"‘%‘feﬁer

enbodi ment s theiclagrical catacthd clpyprierdmmnents eych gffragantngiechoriogpermpemtsers. baBubsequent | y

to the upfi rgh@h@}ddemeaandtaete&gmdlg qu ISk 1k Iam mﬁe%a&@etoann@pwm bdaRS %ubst rate,
e

the interior g[rvvlse coat with an

Lot onl PyoRBra e e ot e BaBlof e B B OREEDGR ESRkSERL | Ande
(e.g. | ands VP3G to i@k ballepr@g sdder lalﬁses sfeofiqrld legttneddub o tigrmesedshiifage tenkien agdare  di st ance

fromthe geQ}nﬁzrrbmon%nmxrefsth&foset_he&am oftﬁesvﬂle‘ﬁﬁlj a‘ﬂ@wslbﬁlﬂgﬁag £oede,90aus@l3iv§rtt alges 140,
141, H G I scu trat corrprl ses at

e
Feast tvo oRBTRETDEM S e e RS M Sl ot bR S ene 1 ands
wi t hi n a20gr oty ivknifiendsederd Eesfef \eetng #l50 ekt 3 A nuahtityof $ohiler tasramain 112@6 diderect i on;

i.e., the ofifised®entfe 1@y@kage/doﬁetstlrdmm@egﬂenmsms@]ee\eﬁn &fesi oQfoviiiig respective
| ands have substaﬁtl al y the

n
geonet r ic c estrotnéer SO irégmec cals Tg\?en%*e?(ag]iaagsgﬁéhe SL% dlaﬁél&lngxsurlfé%gbeater rel1(%1llt§/df the Sre each
of f set fr ometetienigretomiBy #(d of apyesfveteopis syftehBipcorpdr BBy sugfelettivpic ssesmpiact i ve | ands (130,
131) by ninety QQ@tﬁﬁ%e prIJae mgé'nﬁﬂdpejdlﬂ:% shebr sheanadifa ey kaa@e Mk@slcmyfostea via-N the

same dir Ctl on ;i3 a]li OmIEF sPlder Haﬁslvggteaﬁlel anc1nw1t|n:!ess_lf_(§c§ ﬁa*\se vola?{ asses nc()%lF! ve% | ands

151 to tfe I'BFf bec?use as VI as | eft, and
anot her 25 grengpe hig %Fﬁlt%e tgiqn ip dhe tfse g ietderdpll dhgdh ey °¢“Fﬁ‘é551°@@‘°f?as vias 162
of f set t owargdisoideRerohit Gkknbly.

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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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 nmateri al
conprises a thermally expansive substance. The thermally expansive

subst ance can be of any type, including a volatile organic conpound SThﬂmlmﬁ
thermal | y exmpemsinsgssssubst ance can be a constituent of a solder

sol der resist material, or of a solder flux or sol der paste, (BVT%ﬁ“ﬁpla Vi a
capping material, or of a processi ng solvent, or of any other material that
can be applied to the substrate for any p p rior t a heatin

oper at i on. H@”?%@?Wﬁ%$V“§%ﬁ5ﬁ§aW€"?ﬁﬁ§¥§ﬁ@€ @§Hm§1°%ﬁﬁf AT PF R upper
and/ or | over tsaubftaee fopthe phréic suodinmathern. s OB tomininfe@epackage ahetwtiong: a
plurality of \Q@J]&@Qf{t}§ pfe@nt%ven%&xl @ﬁ?efoaailt & Siad 51D R thaBhib Fvedoh 8Mimited only by
conflguratlon adlg s respect to the |ands on the substrate
surface. 35 | C?Tﬁa“é ﬁ%ﬁf’ﬁﬁegﬁératlon (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 nethod ends at 212. The
operations described above with respect to FIG 10 can be perfornmed in a
different order from 10 31 AUG 2005 WD 02/ 054838 PCT/ USQL/ 44721 those
descri bed herein. For exanple, the |lands could be forned after the vias are
formed, for exanple, during the same operation when the interiors of the
vias are coated with electrically conductive material. PCB 112 can be any
type of substrate on which electrical conmponents can be nounted, such as a
material fornmed of polyimde, a suitable organic material, silicon, glass,
quartz, ceramc, and the like. 5 The electrical conponent in the package 120
that is nounted to PCB 112 can be of any type, such as an I C or other

sem conductor device; a passive elenent such as an inductor, capacitor; or
resistor; or any other kind of electrical or electronic device. if the

el ectrical conponent in package 120 is an IC, it can be of any type, such
as a mcroprocessor or mcrocontroller, nmenory circuit, application specific
integrated circuit (ASIC), digital signal processor (DSP), a radio
frequency circuit, an anplifier, a power converter, a filter, a 10 clocking
circuit, and the like. Conclusion The present invention provides
significantly inproved reliability of the sol der connections between the

el ectrical contacts of electronic conponents, such as surface nount

t echnol ogy conponents, e.g. ball 15 grid array devices, and correspondi ng
via-in-pad type |l ands on substrates, e.g., printed circuit boards. By
formng the in-pad vias off-center fromthe geonetric center of the |ands,
the force required for outgassing VOC s to escape ballooning solder balls
is significantly | essened due to decreased surface tension and a thinner
bal | oon wall nearer the closer sidewall of the via. This all ows ball ooning
sol der balls to vent volatile gasses nore rapidly. As a result, the

| i kel i hood ‘that adjoining solder balls can come into contact with each 20
other is significantly reduced. Easier venting al so enables a greater
gquantity of solder to remain in the sol der
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joint between the I C package contacts and the substrate lands. This has the
overall effect of providing stronger solder connections between tgq Mﬁ
package and the substrate, thus ensuring greater reliability of th 1005
el ectroni c assenbly and of any electronic systemincorporating such

el ectronic assenbly. In addition, the present invention reduces shear
stresses apdABWIeck fatigue in the vicinity of the via- 25 in-pad, because
bal | ooni ng sol der balls vent easier and with | ess force, because volatile
gasses do not have to overcone as high a surface tension in the surface of

t he sol dery ball, {doont ontributes to a nore reliable electronic
assenbl y. As shown erel t e present invention can be inplenented in a
nunber of di ffeﬁabnctatmgtaqdufmm of landnen adirfaceao freegubsidate ogach ddord leadngng a
substrate, . thod for (Labl‘l cat.ing an el ectronic assenbly, a substrate, 30
an el ectro‘i‘ﬁcl':1 Q%‘é‘ﬁﬁtlepan geomrtis EiSToni ¢ system Ot her enbodi ments will be

readily appar e%nﬁf?lfgtdqﬂﬁﬁ)thllaoihdéaeﬁ'[éfldiﬁétl i§ offSetivieh &L dsbectTQ@héa};&Jﬁ?éﬂﬁé

conposi tions, geonetry, architecture, dinensions, sequencé of
oper at i onsceoten ofiithe bady sthereth tachsviathapar gdomelrar cq;mﬂd udmrmdhqogemwgmmg

requi renents ar.ious el enents depjcted in the dr s.ar
et csont AT SR iA RO 50 1 BRSPS HPERRRFBRST her eof

may be exagg&siat® hnd Whdr8indhd Bhds Mpﬂ?s% A i ﬁbﬁﬁﬁavﬂ@%a@ WO gSondtEe 35
intended to illustrate various inplementati ons of thé invention, which can

be under st@ottraatt affget aprad dirs| directom ithdrespect B9 thh@emeifncocmtmaw th&kill in
the art. Al thou Ci i ments .have been.il | ust.rated d descri bed
horern. i (CURIOMINABRIOF 4B DEP. SR B0 BB BBl oA S8 EFPIR01/ 44721
those of Ok Airlpavids Shokd gddmdtRE cadtbrstaR@b e Yin Al oBsIPARR oWifil rdspect @ cul at ed
to achi eve the sane purpose may be substituted for the specific enbodi nent

shown. Thi the gepineteint Genters of ithet ecvrd@goanng:dnnés Oér’ilye a@@pdarolmawmremvthm ations
of the prese i nvention,. ore i.,s _man tended that this
Chvent i on el PTHLER® RPosifyIS i, S5eBnd dhret Thnt bh & TRARH oLl SOTHESRL 5 12
31 AUG 200g@a chfay® 1. A method conprising: fabricating a plurality of |ands
on a surface of a substrate, each |and havi ;% circular perinmeter and a
geometric cent eﬁonnmmmhtgalayhrﬁlspbw Vhls, ieﬁcha fen balbadlieaingite aofeppastiveni t h

reopect o N HERIEL Lhth sof BT aflerhlSo LMo GHeEl L GREN vi 2 has a
n

geonetric Zent ére edEt TP each via is in a region
bet ween the geonetric center and t he perlneter of its

2. The method recited in claim 1, wherein each via is circular.

3. The method recited in claim 2, wherein each via is to inhibit 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.
4, The method recited in claim 2, wherein in the via-forming operation the vias
are formed by drilling, and wherein the vias are drilled in a region between the

geometric center and the perimeter of a land.

S. The method recited in claim 4, wherein no via is drilled at the geometric

center of a land.
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associ ated | and, wherein the | ands conprise a first group having vias whose
geonetric centers are offset in a first direction wth respect tg téﬁhﬁ
geonetric centers of the corresponding |ands of the first group, dh 0%
the | ands conprise a second group having vias whose geonetric centers are
offset in a second direction with respect to the geonetric centers of the
correspondi ng |Tardsetbdd révated au @haimos,oupsremiteaseohadjheent flands tareldriBed aton i s
opposite to the second direction, and wherein each.yia conpri.ses a ,via cap,
and for m Py S ppestistangedim i geomelric genlety athe Beprelbig@dngd o 2
respect i vevhephig thd offt@ts baRGEh vRaHbHns thedonkalié cafbgrdmde r&spebi/ccRhds €
respective land. 2. The nethod recited rn claim1l, wherein each via is

ci rcul ar. have substapaalhodie saae erglei n claim 2, wherein each via is to inhibit a
thermal |y expansive substance residing in the vias from causi ng adj acent
contacts of the integrated circuit package to be bridged when the | ands and
contacts are subhrtHoddohprisingat . 4. The nethod recited in claim2, wherein
in the via-forming gperation the vias are formed by drilling, and wherein
the vias are dighriceing a plurpbityi oflansistaned purfase of gesghettate, caele ndrhayig & he

peri meter T 0 cited in claim4, wherein no via is
drilled atCﬂthgré_)eorreé?%ng RIS L o] 1 0L AG 2008 6 ' The method
recited in cl aifoiding whsilleiwnvidiiagac laadijtlat éndffieandeh mspectlts tHeegboadetric
substantially the same djstance fromthe geonetric centers of the respective
| ands, andentanef dienlapgeWBerediesach gia §a% A SEPREIIC (SR NWhesB e g0 Kl er s of

the I eSPeGLhKE o AR viflay SoREe AL aldry bLReDARE RBBkfie Loyt IR DS

conprising: Tabricating on a“surface of a substrate,
each | and peaweteg odl its Gssocistal lapdrwinetianthaladdsaceepriset & ficst gepdrayirigovias ng a
hollow via . in each land that is_offset wih respect to the geonetric center
of the | aftosqusEPBRtFcSRgTS, iy HESt I §d5 nfepeorb%@erﬁ,sp%@r BerBePRE T Feoret ri c

t f . . . . : t d
center of gach o mglc%nfegsyoﬁaﬁhg Ands 5@&bq§ﬁt§§§pﬁ,e‘plﬁ&e@ﬁa%§q%sréoqurfs@ L7 an

the perinmeter of 1ts associated |and, s conprise a first
gr oup havisacpndi greup \hhvise viasowbbose geonetrie centers ere bffsetini s saohd ratectthir ect i on

W th respec.th to the gll%omet ric cent eﬁré1 of the %or rles 0 dl%xg%cl ands of the
first grodih ERRSELRNTEREOMSIECoplin Pt B Carespinding gKE b FaheRt G088 vhose
geonetri c \aRR B BF® deEGSL is! SppBsiaoOMd sdidn@dite@fion, and wherein each via
comprises a via cap;
applying a material over the surface of the substrate, including the vias, the
material comprising a thermally expansive substance;
aligning an integrated circuit package having contacts comprising electrically
conductive material with respect to the lands; and

heating the electrically conductive material and the lands until they join.

8. The method recited in claim 7, wherein the contacts form a portion of a ball
grid array.
9. The method recited in claim 7, wherein the material comprises a volatile

organic compound.

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.
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Wi th respect to the geonetric centers of the corresponding | ands of the
second group, wherein the first direction is opposite to the second
direction, and wherein each via conprises a via cap; applying a materi al
over the surface of the substrate, including the vias, the materialgyg 2005
conprising a thermally expansive substance; aligning an integrated circuit
package having contacts conprising electrically conductive material with
respect tdlthe Thandsthodmebitsdaniakgm hewbtrent the cd¢diypcatlyncbmduétive matesali al and
the lands unti.l they join. 8. The nmethod recited in claim?7, wherein the
contact s FSWWP§$68§%Fon of a ball grid array. 9. The method recited in
claim?7, wherein the material conprises a volatile organic conpound. 10.
The method recited in claim7, wherein the material is fromthe group
conpri si nd2a sdihdenctisiecited welatey7, hgsein thesonidets apuspider ballsol vent, and a
via cap. 14 31 AUG 2005 11. The nmethod recited in claim7, wherein the
electrically conductive material conprises solder. 12. The nethod recited

in claim73 whaheimethb®reetsd actRim7e wheldilein thelfbaning dperbfion 1B Hiad areeci ted in
claim7, wherein in the formng operation the vias are formed by drilling,
and wher eifermaddydrdlingaad grhereia dghg Hagaredgillsd b a fegaerh bethsey BisHspriclic cent er

and t he peLl r The nmethod recited in claim 13, wherein no
viais dri%FI:ltgPdéngitth?Eeerﬁaétgpne arlljaﬁd' center of a land. 15. The nmethod 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 heatind op atm%th0§ mectied dp rrkdimy 1 &xhersingke ¥t dillesd dellie HEAREITE t he two
adj acent  \jas.¢Shqhi bited from causing the associated contacts to be

bri dged when the Haﬁds and contacts are subjected to heat. 16. A substrate
conprising: a plurality of nounting |ands to nount correspondi ng contacts of

an integrated ircujt package, .each |and, having a circul ar_peri er and a
geomet ri c%ée nt g&‘? et tebRGRiPL HviFERn ip |apgwr\$i ‘ﬁ’efaﬁ’é?F‘éﬁ‘en&‘Fﬁgﬁ{ﬁ s of fset

withr e_Sp%‘if)antsR/etslﬂ\ﬁl\ﬂgl%_ni@taP ﬁecpf?)nﬂl@rinteﬁorst(;fet\ll@g%acém% R IhEahbet & has a
geonetric center, erern e geonetric center o each via Is 1n a region
bet ween t hiee heatine topeatioe e theemallyt fipapavé swtstancofesidisg in the two adjacent

vias is inhibited from causing the associated contacts to be bridged when the lands

and contacts are subjected to heat.

16. A substrate comprising:

a plurality of mounting lands to mount corresponding contacts of an integrated
circuit package, each land having a circular perimeter and a geometric center, wherein
each land has a hollow via therein that is offset with respect to the geometric center of
the land, wherein each via has a geometric center, wherein the geometric center of
each via is in a region between the geometric center and the perimeter of its
associated land, wherein the lands comprise a first group having vias whose geometric
centers are offset in a first direction with respect to the geometric centers of the
corresponding lands of the first group, wherein the lands comprise a second group
having vias whose geometric centers are offset in a second direction with respect to
the geometric centers of the corresponding lands of the second group, wherein the
first direction is opposite to the second direction, and wherein each via comprises a
via cap; and

a plurality of solder balls, each solder ball adhering to a respective one of the

lands, each solder ball adhering to the entire respective land.
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associ ated | and, wherein the | ands conprise a first group having vias whose
geonetric centers are offset in a first direction wth respect tg t&ﬁ%m
geonetric centers of the corresponding |ands of the first group, Wwh '%
the | ands conprise a second group having vias whose geonetric centers are
offset in a second direction with respect to the geonetric centers of the
correspondi ng | ands of the second group, wherein the first directionis
opposite tg thensecond.direction,. a erein,each via conprises a via cap;
e s prurl (yrBruBaraticeed gt SRS RRSA R kB gt 05" especti ve
one of the |ands, each solder ball adhering to the entire respective |and.
15 31 AUG 2005 17. The substrate recited in claim 16, wherein each via is
circular. 8. THe pistie Jecteddpicdlam 1% whapi cpeh Wit toi inhibilch hamgally ¢ o
inhibit a el | | e Si.di LR Vi fr ausi ng
adj acent cégﬂ?rgsg?el S S%?Sta?ﬁg%?lﬁ%{%g?g?%%%%ﬁr f(;réll?lt b%lasg%aé@a§%?b(:edn rltsdggggil (\’Q/\/nen t he
| ands and iaegiatsat Sraaitepaskdyeaotbechridged vhat thellndsTihel sty ataubjected &d 1 n
claim 16, wherein the edge of each |land defines a perineter, and wherein
each sol dét€@bal | covers the entire respective land, including the perineter
of such land. 20. The substrate recited in claim 16, wherein the edge of
each |l and defines a perineter, and wherein each sol der ball adheres to the
entire respgectiThe Substtatei rebited int Eleinpdb) mbeein tdfe edgehofl eavtl. lagd defiies substrat e

recited in claim1l6 erein_ea l.and has sur.face defined b .he edge,
hnd wiher e RETGRLTT 861 HEh eFeraite de T 5 St SiTeaergecne Tk Pt t ace of
the respecht ¥&rithé@Fof €h 14Ma. €l ectroni c assenbly conprising: an integrated
circuit package having a plurality of contacts; a substrate having a

plurality of mounting |ands, each |and having a geonetric center and an
edge, eac and_having a hollow via therein.extending.in t ubstrat e,
each via E’Z’g‘/i ng t}f wﬁﬂ@tﬁﬁegte@eﬁ‘t glpim r}%aw(l?‘gﬁ’frbﬁ‘eb% %‘gq]eatchcellaﬁggﬁé?‘?si T center
and the eggiencéddr, hid wheRDt bahedlda il JReresitd theentlrd Rekpe&PEPILS Svithid | 1 St
group having vias whose geonetric centers are offset in a first direction

W t h respelbe permetqeoigighdandi ¢ centers of the lands in the first group, and
a second group having vias whose geonetric centers are offset in a second
direction with respect to the geonetric centers of the lands in the second

group and her ertie $ubStrtt r&ditediif @Rlirh A6, WheRRPEFhtIEnd Rast MiSurface defined by
the edge, and wherein each solder ball adheres to substantially the entire surface of

the respective land.

22.  An electronic assembly comprising:

an integrated circuit package having a plurality of contacts;

a substrate having a plurality of mounting lands, each land having a geometric
center and an edge, each land having a hollow via therein extending into the substrate,
each via having a geometric center in a region between the geometric center and the
edge of its associated land, wherein the lands comprise a first group having vias
whose geometric centers are offset in a first direction with respect to the geometric
centers of the lands in the first group, and a second group having vias whose
geometric centers are offset in a second direction with respect to the geometric centers
of the lands in the second group and wherein the first direction is opposite to the

second direction; and
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second direction; and 16 31 AUG 2005 a plurality of solder balls, each
coupling one of the plurality of contacts to a respective one of iW@GZ 5
plurality of I|ands, each of the solder balls contacting substant% I TY P%
entire respective land to the edge of such land. 23. The el ectronic assenbly
recited in claim?22, wherein each via is to inhibit a thermally expansive
subst ance resi di plgrality bheolderasallsy eavh cauplinpgomedp ihe ptlurabityt afccomtaets tothe

integrated circuit pac e to br.i d when the | ands contacts are
SUb; a6t eq TeTEeE B At T IGRHRt AnionsERRPY Pechidd PRILIGIHERE wher el n
t he t her maubytarRiaPG M MRire RUPSHIFE TGO IR ddgeSf SuchQhRE i | € organi c conmpound.

25. The electronic assenbly recited in claim23, wherein the thermally

expansi ve substance conprises a volatile liquid that forms a portion of a

material fy,omthe group. consisting of solder. mask sol der. X, a

ol der paste o Eatodiic RAmaSYa%Ll AR v ulERy i b S ahShr i si ng
an el ect r Qhértnafly $RPIsIehstbbtatce reidingthapé @ia dromh tousing RHsdeadeohiad By a
plurality of pads, a substrate having a plurality of mounting | ands, each

| and havi ribe ttegdadeirewt packpgeto berfidgad adige theclaeds anslnontagis arg sebiedted ¢ her ei n,
each via ggﬁgﬂg a geonetric center in a region between the geonetric center
and the edge of its associated |and, wherein the |lands conprise a first
group havi ng vias whose geonetric centers are offset in a first direction
Wi th respect to the %eonetric centers of the caorrespondi ng | ands of the
first grodd; whdiesslertionie assemablydesitsdiin €lamsss srigream digptheanallyexprrsiverhose
geonetric r : f i . S irection with respect to the
geonetrics%gﬁ é%éﬁgﬁhgﬁgiwggﬁﬁ8§§bﬁéﬁﬁg%ﬂgﬁds of the second group, and
wherein the first direction is opposite to the second direction; and a
plurality of solder balls, each caupl.i ng.onge of the pl raliiy of pads to a

respect i véone Wt HeREropIassapmely retitdaR glaimedt pvhsrein e Gemerlly pappgve
contact | NGypHRBhipt Al é’v&th"r‘leqgmcfltglatgf%ﬁ%%%bgﬁél%glogﬁg?ét&i%lHfon?ﬁg §ip such

| and. 27. A substrate conprisin urality of Tounting
| ands, eaddon$isintg dfeasoidpr maglecnslider flug emdodder pasterasolveneant alvanchphas a vi a
therein having a geonetric center that is offset wth respect to the
geonetric center of the |lands, wherein the |ands conprise a first group

having viag  An electronic system comprising an electronic assembly having:

an integrated circuit package having a plurality of pads,

a substrate having a plurality of mounting lands, each land having a geometric
center and an edge, each land having a via therein, each via having a geometric center
in a region between the geometric center and the edge of its associated land, wherein
the lands comprise a first group having vias whose geometric centers are offset in a
first direction with respect to the geometric centers of the corresponding lands of the
first group, wherein the lands comprise a second group having vias whose geometric
centers are offset in a second direction with respect to the geometric centers of the
corresponding lands of the second group, and wherein the first direction is opposite to
the second direction; and

a plurality of solder balls, each coupling one of the plurality of pads to a
respective one of the plurality of lands, each of the solder balls contacting

substantially the entire respective land to the edge of such land.

27. A substrate comprising:
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whose geonetric centers are offset in a first direction with resgeﬁﬁuﬁﬂmghe
geonetric centers of the corresponding |ands of the first group, erein
tthe | ands conprise a second group having vias whose geonetric centers are
offset in a second direction wth respect to the geonetric centers of the
correspondi ng | ands of the second group, and wherein the first direction is
opposite to the plewditd ofiimewting dandanehch lphdihating ¢ gebmeticdesntdyaivhsreireach

sol der ball .adhering to.a respective one of th | ands, each sol der bal
adher | ng. 1% HBGE fa® pRei BTG 2 e e Shalht Tahys L rREFrBf 8 ng
bet ween t heomelritedenb2| If thé Ganldbewh&seGE i1MRis| Rffprise &- ﬁfﬁhgroﬁgtlﬁbfr@t Wad eci t ed
in claim27, wherein each | and has an edge, and wherein the geonetric

center of Vesh ggpmelris Gentess peRidgt bea e lifasiony dathetcrpast e Hicegeomeliic he edge
fit i at ed..| " ited i ' her e h
O 1S SRRl Py Ao A BB BELERNS) LRS! Kok, Bl mphgreln o2

circuit paekadegidayihaging ihdiwvhbid yeorictGO bEerds arandfsét Rens&ohd "recs@par at i ng
the plurality of contacts into two substantially equal portions; and a

subst r at e WéVT9IBech i theraromelrioenifst At thegorrasreadingdprdstafbe gecand greg, wi th the
plurality of ‘ﬁf%%ﬁﬁfesﬁrée'@%ﬁbﬂisa&pgbﬁ?e%ﬁ tﬂékf‘ec&?d‘&i?e%ftiﬁn-o{?dt he lands are coated
an aving a ar e

with solder, eac Ircu perinmeter and a geonetric center,

each | and havi rigplaratityaof efldaedalls hackissldextatingihegng 0d o réspectBiehgierodtis each
via having a geonetri.c centgr located in a region bet ween the geonetric
center and2@dte spdy slderebalbpdherae Jefhe ieatieqreppasdive Ik athauy sy mateaa! conpri se

o first onBuRcRKe.hafic MIBSSASATRS kRt he are offsel Tn a firs!

direction wth respect to eonetric centers of the corresponding |ands
of the first group, wherein the | ands conprise a second group having vias
whose geqnetri ¢ cepters are offset in a second direction wt

espect to
the geonetds c supstrate recitpd i efpiny 2 hHRArFY eﬁ‘gh%d&ﬁsﬁ%éd%eeéﬁaﬂ’ S’feghp,

wherein thge gh&ﬁém@ic Rt bPBachSViRRPRSA Fior GethvB& BRGRBACH @egl]gérgﬂg tRend

_ E
wherein the first and second groups ar€ on opposite sides

cent er | i neadgd 8f BdasdbiEat2@0md31. The el ectronic assenbly recited in claim 30,
wherein, during a solder reflow operation, surface tension forces in nolten
sol der residing between the respectively aligned contacts and | ands are

substanti ald y eriéabéede RRINMERICIAREL T, Wiltei@BhSeLRNGkculgF oups of lands. 32.
The el ectronic assenbly recited in claim31, wherein each via inhibits a

thermal | y expansi ve substance residing therein from causi ng adj acent

contacts 0;0. t heAn electronic assembly comprising:

an integrated circuit package having a plurality of contacts and a centerline
separating the plurality of contacts into two substantially equal portions; and

a substrate having a plurality of mounting lands respectively aligned with the
plurality of contacts, wherein at least the contacts or the lands are coated with solder,
each land having a circular perimeter and a geometric center, each land having a via
offset therein extending into the substrate, each via having a geometric center located
in a region between the geometric center and the perimeter of its associated land,
wherein the lands comprise a first group having vias whose geometric centers are
offset in a first direction with respect to the geometric centers of the corresponding
lands of the first group, wherein the lands comprise a second group having vias whose
geometric centers are offset in a second direction with respect to the geometric centers
of the corresponding lands of the second group, wherein the first direction is opposite
to the second direction, and wherein the first and second groups are on opposite sides

of the centerline.
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integrated circuit package to be bridged during the solder reflow operation
33. The electronic assenbly recited in claim32, wherein the thernngx
expansi ve substance conprises a volatile organic conpound. 34. Th U6 2005
el ectronic assenbly recited in claim32, wherein the thermally expansive
substance conprises a volatile liquid that forns a portion of a materi al
fromthe group consisting of a solder mask, a solder flux, a solder paste,
a solvent,_ and via cap. 35. The electroni¢c assenply recited in claim 30,
wherei n t M- vi atheaflgetEaniG psablygseited G Hapt 4p.ew Frigy uTiRg aéoglea reffo y of
mounti ng | gaesiaAneface 8skd fdikes RGREKA! §diriBGdRls Wedhédny thefredRBEly Nt O two
substanti al'ly equal portions, each land having a circular perineter and a
geonet ri c adigntdcontadie med damdscire sabdarttaly aqualized fofetweden thh dirsti andesacemdli ng i nt o
t he substrate,dﬁﬁerein each via has a geonetric center located in a region
bet ween t HEOYSARHM: center and the perineter of its associated |and,
wherein the | ands conprise a first group having vias whose geonetric centers
are offset in a first direction with respect to the geonetric centers of

t he corresifondiTig eleametsc ofssantdy friegidad gr olapn Whewbémint hachl siadmbgvispz i se a

second gro havi ng vi as ose onetric centers. are. offset | econd

i r oot | on PETRTY G  whRRE O Rats et By Sugg it arpiasBafidng | ands
of the secgpgradddRuitWaAKRE o b@s@geﬁ&iuﬁﬂg@less%m%fw»@w&aﬁ&{_e on opposite
sides of the centerline and wherein the Tirst direction is different from

the second direction. 37. The substrate recited in claim36, wherein the

vias are cif cul file elg'cgronic assembly recited in claim 32, wherein the thermally expansive

substance comprises a volatile organic compound.

34.  The electronic assembly recited in claim 32, 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.
35.  The electronic assembly recited in claim 30, wherein the vias are circular.

36. A substrate comprising a plurality of mounting lands and a centerline
separating the plurality of lands into two substantially equal portions, each land
having a circular perimeter and a geometric center, wherein each land has a via offset
therein extending into the substrate, wherein each via has a geometric center located
in a region between the geometric center and the perimeter of its associated land,
wherein the lands comprise a first group having vias whose geometric centers are
offset in a first direction with respect to the geometric centers of the corresponding
lands of the first group, wherein the lands comprise a second group having vias whose
geometric centers are offset in a second direction with respect to the geometric centers
of the corresponding lands of the second group, wherein the first and second groups
are on opposite sides of the centerline and wherein the first direction is different from

the second direction.

37. The substrate recited in claim 36, wherein the vias are circular.
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