ye3eh\ @6Tbh 40 6 APR 2004 DI SCRETE SOLDER BALL CONTACT AhE)ﬁkag T B
ASSEMBLY UTI LI ZI NG SAME CROSS- REFERENCE TO RELATED APPLI CATI [
application is related to co-pending U S. patent application Serial No.

09/ 122,225 filed July 24, 1998 of Craig Kennedy et al. entitled "Hybrid

Sol der Ball and Pin Gid Array Crcuit Board |Inter-Connecting System and
Met hod" and U.S. patent application Serial No. 09/520,427 filed March 8,
2000 of Gregory K. Torigian et al. entitled "Connector with Base Having
Channel s to Facilitate Sur n e t the entire

di scl osures of both of Mhl%?§g$%@§ égéﬁ#ga §£|§§g?%§%ated herei n by
reference as thoughﬁﬁﬂIQFQQQIﬁ(§QﬂRD'Hﬁ%ﬁﬁﬁﬂﬁ|Hﬂihiﬁ¢NGsSaM§0 a
continuation-in-part of U S. patent application Serial No. 09/929,434 filed
Aug. 13, 2001, the entire disclosure of which is specifically incorporated
herein by reference as though fully set forth. FIELD OF THE | NVENTI ON The
present i CROSS-BEFEREMOES OO0 RIIAEEDONreIpaidsrodyd assenblies that utilize
surface nount technol ogy (SMr), and nore particularly, to the surface
nmounting of printed circuit boards. BACKGROUND OF THE | NVENTI ON

Di fficul t T8dsi applrifcated omurst redlated ny afo-gevidies; 1 sci p(?alwetntboar ds are

wel | kno t Ct Qly a t at extent of
t hese d|?%Pgﬁﬁggggggfg%gﬁgﬁTﬁﬁ%ngéglbg'?ﬁg?éfrcﬁPgﬁg ?g ﬁﬁg <planarity
of the Ie§§§1€nKﬁﬁ§e@QVE@ealan@ﬂ&hélaﬁbdmbﬁuﬂfbdederrEqaﬂradd Pif6 APR
2004 2z WheigohdebyPaskeys MRRIALY ARl RO LACLE NFRIR P e

physi cal Bﬁact bet ween the paste an vi ce
sol der ed ?H oMdér P@tﬁéFnﬁppélﬁﬁéﬂéﬂ Serderl Nei-nt0 X 5286 4R3r Médegdf Mewcol der

re- flom1causedobyohe@&b@@ryHamew&&aghamsétwaqse%nkhahbdt@b%hﬁ%%%%ron the
fl at ness %&t E C|r%U|t bog anq t he cocﬁ anarlt% the | eads on the
devi ce. Préséntfyct H8VI-8&d Eﬁﬁ?@ e S0 £ LB Hﬁ?épﬁ Meurtt fedsgmdt hs
of an inchtbﬁChmeptanathEyenfheetﬁuekne&&r@b difebsehder paste aeeds to be
controlle d a I syual_| t he .range of betwee i x_and
ei ght thog %EE a%ggnch% éFﬁ?eﬂeﬁg%nngfﬁgggre ScBhiv hP Ea%uiﬂﬁbuit

boar ds caﬁevaf9r§§ nuch as ten thousandths of an inch per inch, surface
nount connections are usually only nade over short distances. Sol der balI's
have been_used to_all ow SMI devices to be manufactured with w der tol erance
ranges asltdScBPBl-ARAELOY af BAEPr 2 688 iavatieonpannperthefu¥eSef circuit

boar ds MAphtmndeappmh@aem@ﬁss@t&alrﬁ&ar@9V@2b'@bae§§1ewh§ﬁgpr§3apgbb§d to
either a ﬁ vice _or a.ci rEUIt board, . sol d bal'l's provi de nore 56l

joint thah'Can"typPcarPyIBEUEGpREi WHL Hssépeéﬂfﬁ5§%éy SGC@apPéat§§|| grld
array (BGAerdenibpsrhawecheenadevibaptdruiat, wekl fzechows and col ums of

di screte solder balls to nake the required el ectro-nmechani cal
interconnections upon solder re-flow. The result is that SMI has been
successf uFEFLRNQF oJHE ENVENEEPHer balls over areas as |large as

approxi mately one and one-half inches square. A conventional BGA device 2
(Figs. A and 1B) has solder balls 4 arranged in a grid pattern of rows and
col unms. PRotRERSEBhvERVEBRAPNJERLaEEE LR gdeckaoniB patteCpndas a grid of

bal | ed pi ass&unTyekcahby ﬁ@@i@ﬂb'Qﬂ%ka@@vhﬁﬁﬁttQ@EhﬂBib 7€ (gpkger 5 ga"s for
attachnent onI have sol balls or ba pi ns ocate on oné side and

t hey have™i PEFLGRLAE ﬁenFQ BBEaﬁgéf?FelgoﬁpFﬂpeuPﬁ P5ingedpgLEsUdE
bal | ed pilmsatdsa device that already has ot her conponents. Wen balls are
added to pins by solder re-flow there nust be some nmethod of limting the
fl ow of solder or else the solder ball wll

BACKGROUND OF THE INVENTION

Difficulties in surface mount soldering of devices to circuit
boards are well known. Some of the key factors that determine
the nature and extent of these difficulties are the flatness
of the circuit board, the co-planarity of the leads on the
device, and the amount of solder regquired.




0 6 APR 200 3 substantially change its shape and thereby I%ssen its ability
to accommpdate tol erance variations. Therefore, at present| B4 of
devi ces that can be manufactured with balled pins is greatly limted. There
is a substantial need in the electronics industry to surface nmount |arge
products that contain other conponents. In the case of power supplies, for
exanple, it is desirable to surface nout two parallel boards that overl ap

over a substantial area, e.g. , two by four inches It mould al so be
desi r abl ey S WHRes TULY 1ald e ar h f the oar ds
woul d have conponents nnuntegpoﬁﬂ‘ g%ﬁgé 9 Chﬁeﬂkéﬁ e% é%so be

desi r abl e % Do Y ssie . 19amg@ s @mme@m &hei pagite @@eﬁrd@amlteladm st &dhenel |

as sol der dealilce b herRiofare i SRS Rt HREEA P ag)tr' g; - s\:@'& & 189, 203
descri bes .t he u; f solder balls to_interconnect using surface

mount  t ec ARGy DA AdS S 582 ﬁ@\%elresééﬁ’wcéblﬁleldcéﬁf @ﬁatAn}é?r obl em
Wit h thisHeokere i sHikatindeesans ol Rzloll@rﬁ@ilc@s @@I d@k ir3awsed sl OF Rekh
contacts,cgkgpe t %%ugﬁrlv from the comon gg hln p0|nt sol der
coating of tHetra 5ﬁ%cPh aB@Fthh e n&& t8& to the
upper boadgvaee tmmESﬂmuﬂwﬂﬂmmdeaﬂﬂamdstebEOW1dhﬁmngpbhaxi&bdéayfEEMQW
tenperatu ohl-e reov r t nce |n rd
fl at ness ?gﬁggﬁgﬁﬁhgﬁ¥ﬁﬁ%thﬁ%%hgﬁlg%c Bahc géedqgﬁ %bﬁ 5$%$ﬁ

t hi n sol déPLlEEAt PAGten Nassls ct@n@ebafblntr@$@e6 EXtrleyewmeﬂlye use of

sol der_bakksall 9yl BLINASHgeA JrORRERRR! diystid %E@h%c%g%‘é%d{t%%h%%' gy
toarigid |ntegposer board,” to the ter of whi
addi t i onaP% nefLECeTHne séﬁéﬁ@e§§ff@ﬁsCpﬂﬁﬁﬂth@ngénﬁl@ﬂ@&dv@@@é@@s as
descri bedchh camgecls amch bR the eablisahgreat b@ngﬂ Eﬁbﬁnberwlh*&ht he
addi ti onal dlsadvanta%§ t hat an addi ti onal i&@ Pnls needed for the

n

i nt er conn&BF £87§t BRI FOFTRSE 19564 24 STHE B &PpIREst PYRX §@ﬂﬁﬂ No.

09/ 122, 22B8ighewckat.ent No. 6, 272,741), describes a systemw th sone
sinilarities to that of the '164 patent in that an additional carrier board
is needed but also requires the presence of a pin connector on the | ower
board for Spédeirvbagdls piaveabeay vsetihéocaliper SHFaddvticesonpnebe to t he

| ower b0aﬁQnu%Q@WﬂB%doﬁlzﬂEwhﬁggNgbggréﬂc bj &6 egfagh%op gﬂgga%{% tionis

a relatlvely si npl e construction for enab i ng per boar urface
nmounted t8 ath8&§r1669@da&ﬁdtPhﬁ?*@PEotbﬁoVEGe§ftﬁér§dv§nb@g§d@fwuﬁbrea5|ng

the permi gsiibletspeeasdel ac:z@hdr\e@aeageoa@@é%ebgprmﬁ@ﬂ BRELEBLIGR ¥
ability. Ln ﬁccordghce with the gre sent invention a surface nbunt contact

i s provi dE4TFGF 8t ORHFENCTt 8 &% FP&ElPOBBQrdSO¥ﬁ§rc8ﬁﬂ&§tPFﬁUPQ&egoéﬁ
el ongat e sbéderi palrl jodandebtnveapi sygethningba shapl ibaviagha skaeht udi nal

axi s and € nd_a .l ower formed heat re-fl owabl e
bondi ng ng%%%gg|§8a?$ ﬁed%g%ﬁtﬁglpoﬁEFagngggeﬁ ﬁgvaﬁSnﬁﬁvﬁngﬁﬁgtor
surroundsdﬁﬁélgnaﬁttbﬁtthélpnmelnbwsneddabelumasupﬁedlandeteweblaﬁds and
adj acent Hhe1Rr epf %E«E%dt'ﬂ%atregﬁﬁﬁgg chQBd%Ehﬁﬁgi The present

invention. also provides a cir asse rncfudi ng an upper circuit
board andiBEEEGRRNECLiQRE MEaRdSAALeN éﬁethWhaﬁhcar29UAhdlelé@atl6&H1y

i nterconnrgkeHekA Spacedszpany, e gi@&é@lwﬂghaEbQB§P'Ba@XS okl & é%%% of
el ectrically.conductive Eac in has a shaft wt per and | ower

ends. The®tppefSEnds SPPER&B?H%%& gngt Faéh@HetBaiLﬁelﬂﬁbéﬁ edpagiet Boar d

and the ptoavaneiensanged d@v@c§r2d¢FQ§€1n$ﬂ palt esn. hAspkbnakit yaafi s
Separate ? gggg%ge nsulators eac surro t he sgaft of a corre pondi ng
rc

pin. The Tower “¢prcuit sogfadhgg eﬁFnglF?VSo?n ofifbtPRFe ARAERE T anged i n
the sane pradentinhnéddpaticer 6 48ighe Phns2BAapturali hysoh g@ﬂdu@Elve

joints arg,efch ﬁ?ﬁgeg.byT§§1E59T§OEonventional devices that utilize
solder balls for attachment only have solder balls or balled
pins located on one side and they have no other attachments
because it is difficult to add balls or balled pins to a
device that already has other components. When balls are
added to pins by solder re-flow there must be some method of
limiting the flow of solder or else the solder ball will



0 6 APR 2004 5 pre-formed heat re-fl owabl e bondi ng nenbers e
attached to the | ower ends of correspondi ng pins. Each con ﬂ#ﬁbﬂ&&lﬂ
bonds a | ower end of a corresponding pin and a correspondi hg conductive pad
and fornms an el ectronechani cal connection therebetween. It wll be
understood that the terns."upper” and "lower"” are not neant to be limting,
but are nerely used as a conveni ent way3of identifying opposite ends of the
pin or one of two boards. Reversal of the pin would result in the

re-fl owabl qEnQ% e e ]

exanpl e, ggggggggggg of Fﬁ bggFSE%WP% %ﬁ kﬂgrggg ig g?? g?? g%l?lty
orientati 6f RESPEMOSSHE QQ4QH@§C@pﬁéﬁlE¢ﬁ0§ﬁd Eéﬁﬁgfﬁﬁantéﬂ p@eﬁhetLomer

board, astaef gibbebrexemales Amkelan ed arba¢brenteaf wo¥h saaggat ﬁ
assenbly i.ncl ude | ower generally planar circuit boar in a

u § gp&er .an
pr edet er ni-fed 5% &H&FF ‘el ationship by a plurality of discrete
electrically conductlve plns Each pin has a shaft with upper and | ower

ends. Thegy he s ar att hed.to, plated through holes in
t he upper CIFCUI? %Oar% % lﬁiuPﬁF E%F F%chgPﬁést6?ﬁ?§gr¥h50pins

ext end frﬁnrﬁheeum@am$|dergb phedupperthatcuontbmardtharacpmpdﬁéﬁtﬁined

pattern. ?npkﬂéabﬁgg ?% gh%%regﬁpbﬂﬁg Laters each grrggnd a gs?%gble

pernmanent [y attac e sha a’correspon |ng OWer —circuit
boar d opp§§e§u§ﬁécﬁsm@@ﬁér&MbypﬁﬁﬁéﬂﬁélbWﬁtHSthbaUppeeriapcaverbaard The

lower cirgubktbaardinasea peugal'%wOOByC@BQQC&hﬁseEad§ta&Bé@aegle EEG Sane
pr edet er m_ned gggtern as the pins extending fromt pper circult board. A

pl ural i t y95FiZ ﬁdtguﬁPgéécﬁoﬂﬁFn§oFH8rPFS?%@§laP@aF@ﬁné§ BRiEB- PREWI Ng a
pr e- f or ned£hene bea&ﬁgwabhedbﬁadbn@oﬁp@h@ht@th@ﬁﬁ@édt@naBQtﬁUéEEEBdbﬁg the
| ower end gf ngr ﬁ Eac of .the se gg joints gf a | ower end
of a corr&55oRdrhg pirh S9H g @&FPe?So 8Fﬁ§a ﬁdEBtW9BnEa8uc #RFEE portion
of the plpSOﬁQVESIbwec1endsttbaardsradthyp¢netaetwémelascebnaéﬁOBd&mg
conductiv econ rti f i ve their |ower ends
spaced sI?gEtﬁ%rgegfgr%PEgggoggé gggvgeFﬁ rB gr?%?ponding conductive pads
in a typical situation where the boards do not remain perfectly flat and

paral | el dyplaglgbezﬁaoeségkagesAehé'h@éna%e §@389ig§ﬂ& sOfoour surface
nmount contact I ncludes an 8ate el ectrica conductive pin defining a

shaf t haVFHBEECPBﬁaFFUHWHaPOQ% § Hﬁanﬁa§Pﬁ§a§ﬁ uppeE baahaAdoayl eWer end. A
pr e- f or meHobRabosedt! anakl poberdiagp M?nbﬁblhéa@ibﬁCheﬂ geobmemlaweh end of

t he pin. insul at or .wi nductive fornme er surface
thergof sgﬁ%%uﬁaéeWﬁe §hgp?%oﬁg?hEaBanﬁg?éegnPo%ﬂE EPEQF Eﬁduﬁﬁgtfor

re-f | onabbethondinhgchenbednckenthbg ﬁeeieereﬂoﬁnbbdlaemmontmewrﬁeitmwgble
bondi n L o] S o} n e _pin_end . Thi

attachgdngg?gﬁ éé §F§ Eggé%ﬁ@enleﬁéé ﬁggifgoﬁﬂ%Fﬁ@?an?l E BPgbeFﬁ%d to as
a pi nned Solder panhecBRPEFLDESERI RPFhEN LFaTHEaDRAVRAIGStEI ghe Léwamnd 1B are
5'np"f'ego§k§er§k§¥@t5991ﬂ dth@pthaQrnggﬁowr@%@5§£é¥ﬁk¥ %1@8 Tay

conventional ball-only evi ce are s
eIevatlonc%ﬂﬁetBﬁobﬂQWSV|@ﬂ§eoﬁé§pe§??vép}e§ﬁn§ecbﬂvbﬁﬁrénﬁﬂaﬁnﬁsénd bal

BGA dEVICEemEigs 26@'Swﬁﬂcﬁ”h@&ﬁ@@l?'anﬁbgvékbégdvtﬁé’QﬁleﬁﬁeQE ble bal
eqU|pped t he EGA devigce illusirated and 2B. Fig. 3 is

f i_n Fi
an enlarg %neF8% BF ofRCFFéRfoPRatBf sEPLRE E%#ger bal | contact in

accordance mnth a first enbodinent of the present invention. Figs. 4Ais a
£ 0T e 152k 3oGLLaNtheyEhe! LLUSERLLDRCCER Lo 51 v 0 of Ll
circuit bbatgrconnect a lower board using surface mount technology to

a rigid interposer board, to the latter of which may be

mounted additional components. This scheme suffers from the

same disadvantages as described in connection with the

earlier mentioned patent, with the additional disadvantage

that an additional board is needed for the interconnect

system.



0O 6 APR 2004 Figs. 4B is a fragnentary verti cal sectionji viSMIsiniIar to
Fig. 4A illustrating wave sol dering of the upper end of & BoAPRQ4ith a

| onger pin into a plated through hole in the upper circuit board. Fig. 4C
is a fragnentary vertical sectional viewillustrating surface nounting of

t he upper end of an alternate enbodi nent of our contact to the underside of
an upper circuit board. Fig. 5Ais a fragnentary top plan view illustrating
tape and reel packaging of the discrete solder ball contact of Fig. 3. Fig.

2B is a seabl paglntl ewpah hd drapecaadyl #8l. B30k3g) Agst aken sLpade!ine SB -

5B of Fig 5A Flg i.s an enlarged side el evaiioh view ustrating a
circuit bd8rdfagd nﬂﬁ&)ﬁagﬁﬁﬁéﬂé&SwﬁtﬁY&tsmuwtht9omﬁ shaidpséréee &ol der

bal | cont abts of the type ijaltesikr ahedhal EhdadditrFbfal78aksiap EBE@?QG
fragnentarg nfgrt é zec i onal vi,ew of the circuit board, assenb Fig. 6
i |l ustrating Ree ér Her A &OS5FHEFrS§IFhFoPﬁ?SﬁgﬁFe9§dab91PeCPPBﬁFﬁ@rthe

sol der babh bhet heweanbact-doftcki gecdivhiag thpihoweragndnothkheapirneand its
correspongbggdcggdgﬁhb%%tp%g %%gtﬁgagga Ego%her Fig. 7B is an enlarged
a i EW i'rcui

fragmentary vertic secti onal™v t board assenbly of Fig. 6
illustrating a |l ess desirable but still functional solder fillet joint

obt ai ned bymﬁgnﬁlgylaggt&gvﬁgEQgF ball of the contact of Fig. 3 when the
| ower end of the pin is space ightly above its correspondi ng conductive

pad. Fig. 8A is an enlarged vertical sectional view of an alternate

enbodlnEnAnOBbﬁhetC@Et@ﬁb bﬁébeﬂﬁeinﬁéntﬂéﬂlﬁgoé re@aélégf%zggﬂ geWi th a
pl at ed conducélve ted for throug ol e nmoun 0O acircuit

board. Fig°" rPg e%Pﬁr&E&ggégﬁlEEIuEB@Fl%ﬁédeF@mP%fsyéﬁaﬁﬁother
aIternatemenhbddnEntaoﬂoﬁb@ boatachnﬁhahausg$s@ﬂpraﬁﬂ£@§Othéﬂéavan@é ed

CondUCt'ngpﬁgcgggsﬁﬁgagﬁgtSgr&9§s§giéaggrgggngh oégdawgééggétang?br

improved current-carrying ability.

In accordance with the present invention a surface mount
contact is provided for attachment to a circuit board. The
contact includes an elongate electrically conductive pin
defining a shaft having a longitudinal axis and having an
upper end and a lower end. A pre-formed heat re-flowable
bonding member is attached to the lower end of the pin. An
insulator surrounds the shaft of the pin intermediate the
upper and lower ends and adjacent the pre-formed heat re-
flowable bonding member.

The present invention also provides a circuit board assembly
including an upper circuit board and a lower circuit board
which are mechanically and electrically interconnected in |
spaced apart, parallel relationship by a plurality of
electrically conductive pins. Each pin has a shaft with upper
and lower ends. The upper ends of the pins are attached to
the upper circuit board and the pins are arranged in a
predetermined pattern. A plurality of separate discrete
insulators each surround the shaft of a corresponding pin.
The lower circuit board has a plurality of conductive pads
arranged in the same predetermined pattern as the pins. A

plurality of conductive joints are each formed by re-flow of



Fig. 9 is an enlarged vertical sectional view of a further alternate
enbodi nent of the Contact which is simlar to that of Fig. %BeApsznﬂlthat
the former does not have a plated conductive pad. Fig. 10 is an enlar

vertical sectional view of still another enbodi ment of the discrete soI der
bal | contact of the present invention that has a channel ed head for surface
mounting. Figs. 11 and 12 illustrate cyld ndrical and square washer-1ike

pre-fornmed heat re-flowable bonding nenbers, respectively, that may be used

in place @fret %ﬁ@@@feé@'fe—oﬁlév&%f@rﬁlﬁﬁiﬂf NerfHets 21 ﬁlg%fo A Band C

are enlar rt y-sectiagnal views of two CII‘CUIt bo e apnwth
an attach Grahe slevinedtd b ‘é?ltltﬁﬁPQﬂdltq’ﬂepdétﬂdsEacé’tter it is

connect ed dcmdd’aﬂ;lumejoﬂﬁﬁﬂ:ﬁbrbﬂi defqrea idnd %E@&Qﬁt&éﬁcﬁm Werypard,
and after |t has been connectf to both bo dftf respect.i vel SCRI PTI ON

OF THE PREFERREI Wt ets iRRgt B T ATy §L8CtEfrodi ment of our
surface nmﬂqhacnmaa!ctccﬂrﬁlefcozrlcat tdchrabdtweera pl anar circuit board 12 (Figs.
4A and 4B) includes an elongate electrically conductive pin 14 defining a
cylindrical shaft having a |ongitudinal axis and having an upper end 1l4a
and a | owdit &tdl e emaRR sty Cheth the deimer “hgibder?6 amsl Sdlckerrdd artmonded

or ot herwinge aldaahed, tlrfﬁnlﬂ’t% o d]ab% grfe uélﬁ/ Qfs%dllaﬁ én(?r i}% 9{

for exanple, in. the form of S as a cy

sur r ounds “B¥e Oh A EYHEIHiGPPRE iitf emfsdiof Eheh@imwar caed dfowsro ends 14a
and 14b ama&mtsrteh@xs;aldeff hald ph6 wthe d uweEhiien iof dhe Jdnsdlaten el8 is

to preven e _sol der. baIbI 16 from SI n| ficantly changi ng shape. The sol der
bal | 16 pré)trl 36 FSRPETs 2eidtth P UPPFToP1EhENS N 24330 that it
covers boekxatpd ef,| atnc ireodara lend Cﬂhet tmaridm iA tandHeheilewam poidion of

the cylindri: [ | dher eof . 14| preferably provjded W|tha
shoul der %Eijlggg\?g t?gaelnr%:su a o(r%" C? el%’élrsittat}ll']i g geﬁr@é @rnﬁil%

vertical pegintiegh tef tihite loiwermlbmayd hed endiutrudienalexaxipd er.el ative to a
reference surface which it abuts, which is the underside of the circuit
board 12. The shoul der 20 need not be integrally fornmed with or soldered to
the pin 1% BGEfesHed wabsdigpntad pan qhvertisd borrdhe ssieabl yofindladeisn 14.

Fig. 4A i sppekr agenicuey é;%rrtéxcaadlys%qtan@&alcwcawtl blodsid=athiend 16 f ow
14a of "the pin 14 of the contact 10 |nto a

sol dering_of tt&eﬂg_%er en
plated t hPEGGRR & SR EFh&P3t éﬁlﬁtB@%S@lPZbYTﬁePéh‘&@lldéﬁ’ 2§ abuts a
conduct i véldomatezme@tmmmmercﬁidﬂ@tdfvet Be neRPEE Bl b hakoar ¢nkdt o

control t e f tratl f e shaft of the _pin 14 .so that it
t er m nat eggggl gl te%e aﬁ‘?%glr Si de h[hecf'lpgﬁlrt SB5 & 8f1’z_?leﬂ'ﬁ’énrse§1§|eti ng

sol der joehtaghefi twl Pl@é:@ldamlna:lulgyl dclechdn the uppbactc:t}:@:utm: bz ndpper
circuit bgar [ l: nneg r t in 14
to a condugt ?vﬂej%m rgl#?oprfgggr%n}o cﬁﬂ%f %l %%) termg H't%ctéf%rqlda%%t er
conduct i vERgoHBEEZER I ofh & heppeped d:ér@mtth@oap@ermcuar metdett@amdmaz t hat

contacts phetpkat.ed bllliﬂ‘égh.t@o'o? d‘_i's%re@% ':ths‘dita'i:@trgs e%c'ill gt f_{l%{ ent

version of the contact 10 th has a | onger t hat exten t he
way t hr oufihi®t RETPPRCEE yh%ﬁh@a &9 ﬁhleh§h@§;§epf0|ar @artr%mlm pin.
Convent i ofak Wawers elideniitg boealinioppesear andsee ner@l@gABBr%Q%lto forma
of the | obEEnoERENAEIE Rkl Hied MEHEIGRE Chirtha O T RaPRS O
plurality of conductive pads arranged in the same
predetermined pattern as the pins extending from the upper
circuit board. A plurality of second surface-mount solder
joints are formed by re-flowing a pre-formed heat re-flowable
bonding member attached to and surrounding the lower end of
each pin. Each of the second solder joints bonds a lower end
of a corresponding pin and a corresponding conductive pad. a
first portion of the pins have lower ends that directly
contact their corresponding conductive pads and a second

portion of the pins have their lower ends spaced slightly



Fig. 4Cis fragnentary vertical sectional viewillustrating surface

nmounti ng of the upper end of an alternate contact 30 to a &Jﬁlmim% pad 31
conventionally formed on the underside of the upper circuit board 12. The
contact 30 is described later on in connection wth Fig. 10. Contacts such
as 10 can be used to fabricate a circuit board assenbly 32 (Fig. 6) that

i ncludes the upper circuit board 12 andéa planar |ower circuit board 22

t hat opposes the upper circuit board 12 in spaced apart generally parall el

rel ati onshbpvai theﬁhecuﬁﬁéé}f@hﬂﬁﬂigt cbaanétrize PRBSCORt ACE§plBaare attached
2.1n redeterm neqd pattern, “which may _be rows

to the upper. cjprcuit. boar p
and coIun%%?uﬁklgﬁngﬁﬁgrgbﬁtP@ﬁﬁasTQQ UpbeFcBA4E PEALBFtLKeLpRRs2RAe
i nserted parplatdddtbinggbhhobescessthe.upper circuit board 12 and sol dered
thereto. At this tine, the nmetal shoulders 20 al so becone bonded by the
sane solder to the underside of the plated through holes. The | ower circuit
board 22 hasaateroabei eybofliventucti verpadsfd4ef onpned aonnthetuppeludéde
t her eof ipgnut nt.i : r ' ra kn_the
br edot er i ned sa0t sen - SebERiEaTTY, cHUhReake BRETBOREaLAg PRREPE. 6 e
conpl enenP&rVyndi hleRgitpgénadi asart apdahaving Anphinpaki epdokndokder joints
such as 36ored 384( thﬁrezf\oéﬁéd@)ea%a?l@-E%W&Ql@ybaﬁ%ﬁﬁhﬂ {Aﬁmﬁ?? ol der

e

ball 16 on eac% ﬁontac biidge any snal| distance betwee ower end 14b

of each cBFFBERS dFﬂgt%?n PUCENGNPL 9f cERReBpBNdPRgLIRERYBEPEVELPRIR34. The

sol der | otahdB36t{tegpadAfoimedubst ant upbky EQupded aRdregsukhsr¥hgAst he
cont ac thchgﬂductiv The sgider | Oi nt

| ower end the_pin_14. S ad .34.

38 (Fig. 9%% g%f h8% shifeP o ﬁéﬁﬁFFE g8 PEEDEPEmﬁﬂeHeﬁEerFB pPwahde of
the pi n 14ondisngpmemdesl i fht ticapoeéerbedcendudiingat padhddreTheokihi et
shape of .olL.nt _3 S sylt_fr the_jnsulator .18 _bein
spaged to%8§g$8 gﬁ%gbgkeigogdgsﬂggklgﬁés %HerggﬁgéPgbng ﬁ%nnﬁg?'hgﬁééag

suf fi ci enPiguehtit ytbpchefidepldachbahat fanenonwenionge ARRy 2604dm. tidef | owed,
it will agsopimpdate paY<pPiagapd/ 0gk Nz naLi§y. Thus the
preferred enbodi nent ofeougdc?gcg%tnggggagsgggg%g g%i?hcludes upper and

| ower circuit boards 12 and 22 that are connected in closely spaced apart
co- pl anarsREERtDESSRIPThyNaop! wnal bRywekggont acts such as 10 or 10" each
including a pin such as 14. The upper ends |4a of the pins 14 are inserted
in plated holes in the upper circuit board 12 and sol dered thereto by wave
sol deri ngFogsr eld| amd TheapénsidglhavedshodbdelsvaDion estiabbpsplihe
penetrati t LNS: j.nt Q-the r, cLrcui ard. 12 he | ower ends
Tab of the orhs AaeB 8t Bg' A0cHRREhe Eohat bl oA ke ed e S F et
board 22 via solder balls 16 that formthe solder joints 36 and 38 that

t oget her pLgoMp4l vagi 84-L0 L Pk psa r : COP arily. e
insulativé%%olIaraﬁgds%%r%ﬁ%dgﬁgb?hgkgﬁa ?égfe£§€%9%§ﬁ %ﬁaiﬁ?gr%%%late its
‘ends ensufEs¥E hat SEPeCekpBsEdof oRefOBHERt1gBabf PiReapinkall BeRbe sol dered
conpl etelgedte@eind their circunference. The sol der joint 38 extends around
the outer cylindrical circunference of the Iower end of the pin 14 and to
its circular Iower end to provide increased strength of attachnent. The

i nsul at orFig. (F gis 3ni snpaefedabliflepetssatibnoveswt be shaf brofheheapin 14.

The i nsul i S:prefer y de of a suitable plastigc.resip that can
wi t hst and kfgﬂiggﬂgﬁﬁétéﬁeggéj?ﬁ%uﬁegéﬁ?aﬁgiP% FaggghlﬁsﬁégFrqgﬁdaE yst al
pol ymer o#Bgl ass-filled epoxy or other non-w ckable material. The insul ator
18 i s spaced above the |ower end 14b of the pin 14 to permit the | ower end
14b to be_soldered around its entire circunference. A primary function of
the insul®&dr 18LFs2RochtadvPae aidpghletehionhyieyrefent 1aayebe the sol der

from the serdéovedl Botdgeabel inlbcEboanhbow,nenPastitbe LAsyhahent 18zal ong
t he shaft,_.of the Jol The insulator 18 al so prevents the solder ball 16

n l14.
from dr anet Bt TS5 thahgV HEC£ PR shape during attachment of the upper end l4a
to the upper circuit board 12 and during subsequent re-heating to forma
bond 0 &: APR 2004_1 tween. the solder_ball 16 and the conductive pad 34
onthe | oMo PR T BonreoBERehRg SRRETh D br e taRe L nkeSy ound
cr oss- sect} bis trrt 189 meelef bbw Coppder bngaoCopperuppéoyend of hehehi gh
conduct i vd ¢ oy andyt y1. hi gh r and
provi de d%%%tﬂ?igéﬁfﬁﬁﬁ'c%ngﬁé??€?§§$§§§eE§f§&§5 %g%gbgﬁpﬁgtéﬁgéfth
Ti n/ Lead OVEFUNF R@FL@r other suitable materials commonly used to fabricate
el ectrical contacts that are to be soldered. The contacts such as 10 can be
packaged in receptacles 42 (Fig. 5B) in a conventionally fornmed tape 44
(Fig. 5A) wound on a reel and inserted in a feeder in an automatic pick and
pl ace machi ne. Pl acenent on circuit boards can be acconplished utilizing a
vacuum pi ck up nozzle. The pickup nozzle via suction sucks in the sol der

A~ Y T S o " . A~ -



0 6 APR 2004 13 Stated another way, the solder that bonds the Eper ends of
the contacts to the upper circuit board 12 preferably has a h.@ P mgng
tenperature than that of the solder balls 16. The nelting point of the

sol der balls 16 depends upon the choice of the alloy for the solder which
they are made from Wen the solder balls 16 are re-fl owed, they should
preferably retain their substantially rounded shape illustrated in Fig. 7A
When the contacts such as 10 are bonded to the conductive pads 34 on the

| ower circuit board 22 the upper circuit board 12 may be sufficiently heavy
so that t Iomer ends 14b of sone of the pins 14 actually rest on the
conducti v ’tﬁﬁj's 1% 3 1 TRITRRAEY Ve iy oA sastdrans Jd e iy reddutlermitee d

M ni num smie) ng2bel Vinest tde) i petvangh | Weim o i € Wil Qﬁﬁﬁ £2. Sone
%1 g ed é%ﬁmtlve pads 34

of the | ower .ends 1 not touch, thelr correspon

as il | ust rated “Eﬂ%‘ a?B{O%ﬁF‘er Rt/ dHatiady 14 &% or the
| ower C|Hﬂnﬂ6HxnmntdEt Hdvever, reliable solder 10|nts 36 or 38 (Figs. 7A
and 7B) will still be forned due to the volume of solder in the balls 16

and the size of the conductive pads 34. These characteristics, as well as
the size HIhdGils a4 farapadrd anponrtdfcalheepitionkd thatw are within the
sol der baljlis Sho f t V|de t )r oper vol unme
and hei ght o#éghlde#kgdgﬁg%g%gdﬂﬁgﬁhe ?%%%' %dﬁéilﬁq ra “es an

al t er nat e Si5gdiakeheEediReRo Mfa UL FaHRCt §Oadté1m edld‘emSJtdﬁ auglerhol e
nmount i ng M@p@nndyxadlguxﬁgkdlt includes a straight pin 52 that has a

sol der ball 54 attached to its |lower end. A cylindrical insulator 56 is
press fit over and surrounds the pin 52 and has a plated on conductive pad

58 on theFugpeEAsudeethhﬁﬁmﬂenfﬁny|ﬂm@ubab@rv&@waadl%@ﬂﬂﬁﬂiﬂ thad %@uﬁa” be
f or med as ir |t b er. .cl ad ass epox
mat eri al . ?"ngacié orcg &y gizllstco-f r?toz}ldﬁ ﬁ l&hﬁﬁ’élt%‘fc §‘d—|"-¥ier3 -bal |

54, while |ts conductive pad 58 allows the contact 50 to be soldered to a
conducti ve;ipadsgugh as 31.GF # &0 04 14 t.he | ower

side of an gﬁternate forntoCkghe%ﬁ%ﬁéﬁfg?$CU|FpgogrgA %Tﬁ?q % or 56

can be pI§€§§na?Lﬂﬁ9(%kFﬂ(§ﬁy1lﬂﬁ W&l Fagsi 5Pons al ong t he strai ght pin 52

to permt different spacings between the upper and | ower circuit boards 12
and 22 to_be established. In addition, adjusting the position of the

i nsul at or F18 1 81 &6 §& £ ERIabRdceRdeTRting Filavalildns taeting 2of t he

sol der baklirshdpebolive eorieatily5Eamay caebdnaienas puehaQuitherfs ¢kl yi ng
as | éss overall netal

capacity ont 3at e forner,

cont ent hgag%ggt%tgnayeﬁé 3&&1gpniﬁdighggpgpetBYPSbﬁd Yyt raged igp

i | lustrat89yeB.another alternate enbodi ment of the contact 60 that is
adapted for surface nounting to a conductive pad 31 on the underside of the
upper circyit board 12. It uses a shorter straight pin 62 than the contact
50. A cyIFhHrlaél15n§@|§@é@r8¢dm thagmeatatryvekytikadk seatdockilve ipad 66 on

an upper afdghbhgaggh tsbgragﬁ Lisbhgdyoxer pihe gt [ he pin 62
does not ext?nd t 3 g aSSGG Yo) that t he go% gg?%6%LQn§?§ Eban be

surface nBah Edrﬁ gp&ér@&lﬂo3PhétcGHB&@F?@ebﬁade3fl@Wlﬂﬂet@ﬁd@@iﬁ@? of

t he upperbanlcufttheabdntactAoiobdgr balhefBthe ablachedd ot hed ower end
of the stgghghES e ﬁllnsu at.or 64 and _conductive pad 66 can al so be
forned as“a ninra urg gPP lpgbggpguﬁﬁdgeoPaébSBEFaEFa&a§Pa§§h§6bxy PCB

material. Fig. 9 illustrates. yet another enbodinent 70 that is simlar to
t he enbod nt -50;Qf _Fi o oes nat have
conductlvgﬂgad7§nl?hgﬁugn1§ég%§e % b?ng%SM|aFO l§§q RES8P bﬁPFW¥4 is
attached ¢6 the raéweriéngocstdaasseabdit opfi Fig6. 6Thelupperntemd of lele
strai ght aeﬁu?ﬁbté §9Ed%ft§§1' @uHE%ESnm Eggdﬁkafc’??l&@rg%ﬁ%th%‘tﬁ ;B fghe

upper cirguit i but the 1nsul sol d&r "4t Cachment to the
upper C|r%ﬂltebg 931?9 th? FELERY PahétP5n§hascan§9§§epfaﬁd9préveW@@nsolder

wi cki ng. The DbﬂefGeﬁHS@fC@hbdpQﬁ Sk kpRedal BsuGREeY Ledvar iWgre. I n other
sul ati.on coated wre could have its ends stripped of

d
rﬁ; ?nsul ??%%QP889Fﬁ8 FRBESEEVRgPRA -pl ace at an 0 6 APR 2004 15

internediate pin position. That left-in-place insulator coating, which

coul d hav n e h e_solder _ball 74, would function as
t he |nsuI§%§ gg §ga%heép%gg ?oﬁggﬁ %re@%ﬁ#lggF Vlﬁn cRfng rom t he bal |
at the | owkkespatppenbeddmentt hé thperorhdct| thaheuseat ang inend arade
sufficiently thick, it could also act as a stop. Alternatively, a netal
collar 20 can be added on top to act as the stop. As a further alternative,
an insulating coating can be applied to an internediate |ocation on a bare
Wire or rod to serve as the insulator. Fig. 10 illustrates yet another
enbodlnent of our contact 30. It |s S|n1Iar to the cont act 10 except that

~r~N " T 1 T 1 4



0 6 APR 2004 16 In the enbodinents described so far, the conﬂ@cmpRh
utilized the solder ball 16 to nake a connection to a lower circuit ard
22. However it will be understood by those skilled in the art that the

sol der ball 16 could be replaced with a wide variety of pre-forned heat
re-fl owabl e conductive bondi ng nenbers that can be heated to cause themto
re-flow, and thereafter when allowed to tool and re-solidify, wll provide
an el ectro-nechani cal connection between the |ower end of the pin 14 and
the condudtitfe hataed opduygiive -#3dwend v afdamsd fsuppitisigh-diale
convent i omaduraineaid on e andiher conventional heating techni ques for
solder re-flow may be used. Figs. 11 and 12 illustrate cylindrical and
square pre-forned washer-|ike solder elenents 90 and 92, respectively, that

can be forfigd @B ln'm dif&ﬁglafﬂgfbd&dr@rdlﬁfcal f“@&tﬂ/@ﬁfalehﬁﬁiéif dfhl‘i/iéﬂ hranjo{’chﬁlhey
may surro oVer 1 the pin sg that they are flush with its
per pendi c%qg:reqh%vt\fr eg}brog}lwfiﬂ%s %%@e Cpﬂ{gzaecfterfgqrﬁts SAd 9SS0 be
spaced beMawh ive dlawed emchdidts iofe theed Eimd lid aatappddemdabomedde same. The
el ements 9f,ahd 22 Ry akyt . Lhe ator 18 or be slightly spaced bel ow

t he sane. \Wen g%% custonefnégféérs ‘he upper ends of the contact 10 in the
plated through holes of the upper circuit board 12, the elements 90 and 92
will re-firay.and ifonm sel1deihdahles AdACHUiRRINSUIR! Y 18-¢, 11858 Sol der
bal I s naygﬁ%pl and harden as the assenbly noves down to the next automatic
fabricati G “STEREN SHRECEMERE Wpdheciqihacth adiehl 2 swistimniilies dror dpad
attached pifnFitd ean keeptverzed tard flaead PR R tohakhe sseaandLireuit
board 22 g B%£% &%;flq ing the solder balls. The pre-fornmed heat

re-fl owable on&in& F@#%ers could also take the formof a discrete quantity
of a suitable solder paste applied to the | ower ends 14b of the pins in a

manner togpepsurg that .t i Il .adhere thereto during the.agssenbly and
re-rom1ope§Ztiongg Egsg %%Q%%ﬁyﬁ%%%?gglo §F%ﬁﬁ€agr8}F8rﬁ%dsﬁé&3

re- f | onabPEOEbRHI fELREAFen tatifathed discreles saARRe20D4 117 come lcowelf ene 14b
of each cpmrbaehtl@nkaYthenmae 0k L 1B 4 cepguct poxy,

br azi ng cg ound, weldingnbonpoung andcﬁﬁéh%%%g.B%ﬁgsggge%E%%%ng in the
art wll QgBPE&PHte that the circuit board assenbly 32 could be fabricated
with these various different types of pre-formed heat re-flowabl e bonding

menbers i p.whi ch.cas e.lLower ends 14h of ,the pins 14 woul d be bonded
with cond85§g0eEﬁo?ﬁﬁsagth3&SE§aF§-FVﬁWPdE&FaHOPnﬁe§§§§§ﬁiW?SP@Fnﬂékﬁade
of sol der pr8ifFpkmeByhethereppdbwabde bé&dﬁhgtﬁembbﬂa,CQébggiﬁi%@Q9¢Cted to
t he upper ygLECHI a 2:WM nductive joi.nts, forme re-fl ow, but
not necesggéFL§é?oP%tggﬁédéwggﬁgggdgg.Ebﬁg§59f§rAPﬁgéh8% e COPBEFEPTA
pref erred®&nBé8i-m8at of the invention in which parallel boards 12, 22 are
i nterconnected by a plurality of discrete |aterally-spaced pinned sol der
balls 10, _only one_of _which is shown. The conponents nounted on the boards
are not shd@A: bdt 2 nBa2Bewer a8gppPry2appHi Partdl: seypioaplly viewe ofper
board 12 weul dibeupepybatead ﬁafaebhaS'qgswwkhhaﬁ|89E58HE§ %BEB%QEB%ii The

free upper _(fromthe_Fjig. 3 standpoint). pin _end 14a is shown in Fig. 13A
seat ed ianh‘éoﬁE?SPFiﬂztg GFSﬁSF B aFE‘S PRR&GEN- RBFETOAthdFoFeTREELE®. | n

thi s enbotenthe, uppernbbakdf bangbe20risisl ightbynaxtall yospacedogkove (from

the Fig. ndpQj;n e.Lnsulator _18. Thi paci ap be adjusted for
toIeranceﬁ?gggbngﬂgné%F%pp%%vﬁ 8 ESHCEBQBFF?Fé gBngﬁﬁiﬂﬁaHﬂFPerent
prot rusi oREFRAGER¥el¥b beyond (below) the insulator to optimize ball size
and shape. It will also be observed that a tapered section 96 joins the
free pin end 14a to the flange 20. This provides the inportant advantage of
al | owi ng PRECREGFEIGN 5 BHE| BREBERRBDaEMBAPIMENEEacenent tol erances, (of
the pinin the hole), but at the sane tinme it ensures that the pin centers
properly gg the p st§.95 rovided in the via is reflowed. The tapered
section thus“hetps é?rng Bef oF 8F aRUPAFLBENE ePf 0RUT FFYTE29B HRBWE t he
assenbl y edheactheoffostatehbhmed? 06 thplhnee pincendspddaqof ot he
i nt erconn 12,4n their respective via. Fig. 13C shows 0 6 APR 2004
is the asgg%ﬁ?y % t%gdtﬂgsseégﬁguﬁg?lﬁﬂl@goﬂgagﬁeegﬁ?Fr f8di¥6 of the
i nt er conneenrdualive phei14rdspeuingeapagldddrical shaft having a
longitudinal axis and having an upper end 14a and a lower end



A typical application to denonstrate the advantages of the mv% Ap%fmp@s
follows. The supplier, for exanple, of a power nodule will place”edc

the free ends 14a of the nmultiple discrete pins into their respective vias
inthe first board 12, oriented ball up as shown in Fig. 13A and then the
assenbly undergoes a flrst reflow, sinulganeously soldering a first series
of conponents to that sane side of the board, ultimately becom ng the | ower
side of the flrst rd.. The sult is_a power npdule board 91 from which
pr otrudesh‘La Brurdb rs&?%ﬂ"r :ira 133 Sl S s RIBiRfi g Qe Fvissspect i ve pin
end. That aftrtrasiheat‘sstmm:lhe Qllomn éﬂnﬁmm &Oltthe @i qust ont Mha RIS to

supply a 0 I\ he fi st board e attached. This
cug!too)r/rer vs'\[/ieafl f]% rgatq{qna%t e (awqt %%’i“é (t %r%ﬂﬂiedoh)‘?f? LdoRF Boar d,
seat the ﬂ%@nmlwmmrswduﬂc&mh@ dmmimrcc‘f athd heid awer board 22
as shoun iimifhedidfbe and (Ol by SeaaNd SLAP 1of Lo the, soldler, (past e

and balled _ pin) to attach t assenbly” (po Sboar d
(bal | dowbDieas WK bl Filp - B funcuigmgat dthe helmdﬁeromtitﬂjlles assenbl y

91 wi || C@xsaere‘srtrr&;r@ stdleaem rbsatlﬂbteatfﬁ&&? rl 3¢ eq] P@t ngtsmg second
board padﬁg}n %31 eflomed T%flca ly, at east pin

stabi | | ty &0 r?tsad:tret/ﬁetW e va@gmen @ uspadd tﬂi@:lslc{wﬁr temet d4dhoul d
be very | iaft |te1es@hder1atoeto/vema hie: m&sarmbttme;se RIRS ccttmn@rnenan dehe

buoyancy | der the weight aof the a enbly) e other pi.ns wll
typi cal | y%ftln]e %er %aldaq:qtf ngcer[ éﬁ%r?&’e?f 52‘51 Gl FgacHakar page.
It is the tél@lr@@rf -b&lhe mmldnle% t;edermrtarmetyprprro@riened wfith. d rmtoament 20f

sol der belgwiche e t wihat perm all the balls 16
to touch fhe pastgggﬁﬁﬁgféﬁgh]ghgg %éﬁ%ﬁﬁ%%er &%ﬁﬁéﬁ a good
sol der j oVRtdf@hdpsitdosuns rde mm@ﬂqmcm@m dancrindEmalr anent al

condi ti on&eﬂ@i@&&ﬂev teNANgRS d it RIMEH 3 | g tsef g0l der
is require APR 2004 19 At theaganéh?f%% r11:halb%’t%h%lé ?ﬁggg'ﬁgaF %

sol dered P&dteﬁéléiec&ﬁd EhGacd TG fogasi Aed, Thef shovilider 8 meedr abkow or
even aft ebet Hatseeend yr ebraisd wlttlhetarorsoll@te&eﬁt des tak e fiar $hebeandgcan
be populaggd w%%h %onponen% % at t g& tinme that the first board
i s sol der8d fo tRET§&CoRG HodPdntsd o & ftb@ﬁoFQetW&P décond refl ow

or even after the second reflow, the second board can be populated with
conponent g4l t 4iS jRr acti e four gn refl.ows in this schene:
first, formng th(Ja"B gllf gﬂ%%t%% rgﬁ% lc% Fgﬁgﬁogﬁ&svffﬁ of the pins;
second, sal-dBFLHEgLine piené lawd seddissisat oft bheheppers entoadnd; ofhiche,
sol deri ngpeanpanest B0 cbi? 20pPaYl Ll de Qfa&%'aetiﬁ eRERD RN SEOUREN.

[

solderlng the first hoard t he second onal
refl ows fBPp?EpSFFCHFtrQH§$§I 12)n 6@@eﬁ§PUIﬂﬁFIéonébue§s@nﬁqmdUCﬁuVES

pr ef err eddbhat the &Qldﬁésu@@%dsddklﬂg the ﬁﬁ%é%s%h%%u%%eg%agﬂygﬁgggregsh?g
S j oi

melting t ratures t.o nimi ze t he nynber
undergoesggggrond%§§tgﬁpghr ePetheaﬁFHn Béi h§cofhaétarfak@enRifingda
hi gher coaduthitgi iy tbamlﬂatéerb&ﬁb@rthb uppeteaia& blfe teer keficugar ryi ng

ability o | de o Al so contacts illuystrated in
il gs. B8 aad- 10 Rave Phe SBVAY ide SORAET: ARD Tk dinbinal o lrFheBtRoNTY

sol der joRRE3ChRAt the ﬁ@ﬂtﬁéquﬂﬂeta hbkeupperacfireeipi boamd, 18hiahd at the
same Ui meptboyaekien bhecedyannagenabenal shiBnoAl phie g0l dar (paterials at
opposite pin_ends as explal ned greater det al el'ow, “and “noréover the
surface ﬁﬂ@u§5F88rcﬁ6FHﬂtaFr?6§ aartr daddiatrpked) i bepodinpitdngwiinl e t he

sol der bakhophent cahdubeibhet BempBY 1Becadiyat hpgegugha% bef kaw hgper
acconmpda e boa d osrt{lgmg han The di scre

shoul der a5' TP haB°8dHe aﬁegﬁnEaFFédth?spé?t§€e§hapugﬁpgpﬁance in the

assenbly process descrlbed above, because it virtually seats agalnst t he
bottom su ce,pf bga t hys_provides additional surface area
and fillegigreggféémggFgé?%ﬁ gt%geﬁgg%g aﬁﬁgeFﬁEQ VRT§4E8 H%t tB&parate from
the firstcpdhrat 10'e6thpR Qee4a loogdur phg Lheé sEhabdeKeéhdw ail 1sthsequent
prOCGSS'n@ayThﬁrBhéﬂgéhgo §5E8daEh§o ghahg%gplgotﬁ §gg tgg pl,a. 14a from
penetratlng é 8 P Vi a uaran fe SR A Am

i nt er boar’@°3p ct%g PPBﬁﬁFh@nBﬂnwéﬁﬁt§ﬁid©rtﬁ§ teahgequep age weedr ko
adequat e heat dissipation space for conponents on the bottom side of the
first board or the top side of the second board. For a typical pin axial

| engt h of about 0.080.2 inches, the board spacing can be as small as about
0.80.17 inches. For these dinensions, a typical flange dianeter is about
0.08 inches, a typical insulator dianeter is about 0.15 inches, and a
typical ball diameter is about 0.05 0.1 inches. The netal flange 20 has to
be srzed to fit the annular plated rlng around the vra |n the flrst board

. o 1 . . . ey v



0 6 APR 2004 21 These figures illustrate that configuration i nﬂ\ghiﬁpk g@
pinis cylindrical, and the ball is spherical with a dianeter chosen h
t hat the pre=sol der-fl ow sol der thickness between the pin end and the top
surface of the solder ball (in the view shown in Fig. 13A), indicated in
Fig. 13A by reference 98, is about 0.0100.020 inches. The significance of
this thickness is that it indicates thaft 'the pinned solder ball conponent
as part of a mul ti board intercopnect systen1mn|| tolerate as nuch as
ot 0. oS A marH Hy TG g R ek RtorIrdsgt b dTL IS
boar ds andGStatl lther avdpoter reald adot ecisol fieingd. connections to both boards. In
the preferred arrangenent, the soldering of the pin end uses a

hi gher-tenperature solder (for exanple, 90Sn/|O0Pb) which will not reflow
when t he [Fawer 4Ceriperftagnesm dervenft tdel s dterotl Iv:(efmorllqwmﬂa%ln

63Sn/ 37Pb)s iy ef | baII S are
surface rr)glhlrﬁfgﬁ ﬁ%ﬁé@ﬁ%?@ %ngﬁrﬁger?c{ Oafq rsltﬁ’g&ai cd§1 ¢ the
bal| end {& é-ﬂQquﬁR1WQNRﬁdu%icﬁQﬂHﬁnﬂﬂQﬂﬁiiXﬂufqmmmbknreﬂmnnended The
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which are arranged in the same predetermined pattern as the
contacts 10 and their pins 14 in order to be complementary
with the upper circuit board 12. A plurality of solder
joints such as 36 and 38 (Figs. 7A and 7B) each formed by re-
heating the solder ball 16 on each contact bridge any small
distance between the lower end 14b of each corresponding pin
14 and its corresponding conductive pad 34. The solder joint
36 (Fig. 7A) is substantially rounded and results when the
lower end of the pin 14' contacts the conductive pad 34. The
solder joint 38 (Fig. 7B) has the shape of a fillet and
results when the lower end of the pin 14° is spaced slightly
above the conductive pad 34. The fillet shape of the solder
joint 38 can also result from the insulator 18 being spaced
too far above the solder ball 16. The solder ball 16 must
have a sufficient quantity of solder such that when re-




a pre-forned heat re- f1 onabl e bondi ng nenber attached to theﬂlﬁoWPR 2004 of
the pin; and a discrete insulator surrounding the shaft of the pin
internedi ate the upper and | ower ends and adjacent the pre-formed heat
re-fl owabl e bondi ng nenber, 10 said di screte insulator conprising a collar
extending laterally fromthe shaft. '{ge surface nount contact of claim1l
wherein the pin has a cylindrical cross ection. 3. The surface nount
contact of_claim1 wherein the upper end of thecgjn is formed with 15 a
head wit h &Pt -erl s iflde @ 39ommMqdath mmsipiednd de hsesid insmedton,  and
bonded t o,plarcaniduetive pad on a circuit board, and the [ower end of the
pin is dinmensioned and configured to be attached to a |ower circuit board.
4. The surface nount contact of claim1 wherein the pin is provided with a
conduct i v&'i2G stiwulpdesf dretete embdiEi mppero®nshofc e it boand Hhesdniayl at or

f bI t rtical pasi.tion, al e | ongi t udi nal
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a high tenperaturé plastic resin or a printed ci r &
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e et ac sty By e R 1R i S Byt The pinis 14 nawe  Com 2!
shoulders 20 to establlsh the penetration of the pins 14 into
the upper circuit board 12. The .lower ends 14b of the pins 14
are bonded to conductive pads 34 on the lower circuit board
22 via solder balls 16 that form the solder joints 36 and 38
that together accommodate variations in pin and/or board co-
planarity. The insulative collar 18 surrounding the shaft of
each pin 14 intermediate its ends ensures that the exposed
lower ends 14b of the pins 14 to be soldered completely
around their circumference. The solder joint 38 extends
around the outer cylindrical circumference of the lower end
of the pin 14 and to its circular lower end to provide
increased strength of attachment.

The insulator 18 (Fig. 3) is preferably press fit over the
shaft of the pin 14. The insulator 18 is preferably made of a
suitable plastic resin that can withstand high temperatures
without degradation, such as a liquid crystal polymer or
glass-filled epoxy or other non-wickable material. The
insulator 18 is spaced above the lower end 14b of the pin 14
to permit the lower end 14b to be soldered around its entire
circumference. A primary function of the insulator 18 is to
provide a tight seal that prevents any of the solder from the
re-flowed solder ball 16 from flowing past the insulator 18
along the shaft of the pin 14. The insulator 18 also prevents
the solder ball 16 from dramatically changing its shape
during attachment of the upper end l4a to the upper circuit
board 12 and during subsequent re-heating to form a bond



35 an el ongate electrically conductive pin defining a shaft Hhéi ABR=2004

| ongi tudi nal axis and having an upper end and a | ower end, a pre-fprned
heat re-flowabl e bonding menber attached to the |ower end of the pin, 06
APR 2004 24 an insulator surrounding the shaft of the pin intermediate the
upper and | ower ends and adj acent the pig-forneq heat re-flowabl e bonding
menber, the upper end of the pin being rmed wwth a head with an outer
surface that is dinensiqned to be positioned on, and bonded to, a

conduct i vOSFAESh W% i5daT Redrld Tearrdd fdies qopderctdive opld Bé 9im thei ng

di mensi ondedwand cianfuiguehAd e atdeagied 140 pa ek 1¢ el & hepns the
head being fornmed w.th at ] east one channel that opens through an outer
surf ace o%rpﬁgﬁﬁﬁﬁ§%ﬂﬂj%¥ er Hﬁé&hpﬁmﬂqpﬂﬁF ke ch&8BPEF0 213 0YAXur f ace

mount conaderf dvigt tcactiverttiwia ya neiteauiatl ?@@L@hu@OQQHFShﬁgF 3@ %%Qagageand

| ectri |4 ' [ fini. as vi.ng.a | ongi tydinal axis
ﬁaS?nélgﬁh& S%?neng&ghgsgaﬁgp - end §C5EQ?hSF%§&C%&aFOPQ%FF&WQEWé.E@ﬁdlng
nmenber at Pidghdd ment he Pewdredend tif Trieg Ligiad, oamrri Niwkaflobrswitheundi ng t he
shaft of bh&t@bﬂeiﬂb%%&%%ﬂ%t%o%ﬁ%nﬂ@p%%eﬁngol%QBEi%Q@% electrical

contacts that are to be soldered.

The contacts such as 10 can be packaged in receptacles 42
(Fig. 5B) in a conventionally formed tape 44 (Fig. 5A} wound
on a reel and inserted in a feeder in an automatic pick and
place machine. Placement on circuit boards can be
accomplished utilizing a vacuum pick up nozzle. The pickup
nozzle via suction sucks in the solder ball 16 after vision
equipment sees the insulator 18 or the shoulder 20 (depending
upon which is larger in diameter), and fastens to the ‘
insulator 18. This allows the automatic pick and place
machine to place the pin 14 into a plated through-hole in the
circuit board 12. Where the upper end of a contact such as 30
(Fig. 4B) is surface mounted the pick and place machine would
put the upper end on the corresponding conductive pad.
Conventional pin-in-paste, wave soldering or reflow soldering
techniques can be used. At present the preferred .design is
to make the diameter of the insulator 18 larger than that of
the OD of the pickup nozzle and larger than that of the
shoulder 20 but the arrangement could be vice versa. It is
also possible for the diameter of the solder ball 16 to be
the largest diameter on the contact 10 so that it would be
recognized by the vision equipment.

High temperature solder is preferably used for bonding the
upper ends of the contacts 10, 10' or 30 to the upper circuit
board 12 so that when the solder ball 16 is subsequently re-
flowed to attach the contact to the lower circuit board 22,
the attachment of the contact to the upper circuit board 12
would not be adversely affected, such as by re-flowing.



15 and adj acent the pre-formed heat re-flowabl e bonding rrenberﬂ, ﬁt%%R 2004
pre-fornmed heat re-flowabl e bondi ng nenber being a solder ball, the

i nsul at or having a conductive pad forned on an upper surface thereof
surroundi ng the shaft of the pin adjacent the pre-forned heat re-flowable
bondi ng nenber. 20 11. A discrete surfag% nmount contact for soldering to a
circuit board, conprising: an elongate electrically conductive pin defining

a shaft havin | ongi tudi nal axis and having a free upper end and a | ower
end; a pr eg-traotgﬁ%‘gcﬁfﬁétgrﬂf 3y ovidht esebierertiat |bendddied wnpeandnds [of
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t he | ower

When the contacts such as 10 are bonded to the conductive
pads 34 on the lower circuit board 22 the upper circuit board
12 may be sufficiently heavy so that the lower ends 14b of
some of the pins 14 actually rest on the conductive pads 34
as illustrated in Fig. 7A to provide a predetermined minimum
spacing between the upper and lower circuit boards 12 and 232.
Some of the lower ends 14b will not touch their corresponding
conductive pads 34 as illustrated in Fig. 7B, due to non-co-
planarity of the pins 14 and/or the lower circuit board 22.
However, reliable solder joints 36 or 38 (Figs. 7A and 7B)
will still be formed due to the volume of solder in the balls
16 and the size of the conductive pads 34. These
characteristics, as well as the size of the pins 14 and the
amount of the pins 14 that are within the solder balls 16
should be carefully selected to provide the proper volume and
height of solder for a good connection.

Fig. 8A illustrates an alternate embodiment of the contact 50
that is adapted for through-hole mounting to a circuit board.
It includes a straight pin 52 that has a solder ball 54
attached to its lower end. A cylindrical insulator 56 is
press fit over and surrounds the pin 52 and has a plated on
conductive pad 58 on the upper side thereof. The insulator 56
and conductive pad 58 can be formed as a miniature circuit
board made of Copper clad glass-epoxy PCB material. The
insulator 56 serves to maintain the shape of the solder ball
54, while its conductive pad 58 allows the contact 50 to be
soldered to a conductive pad such as 31 (Fig. 4C) formed on



35 end of the pin, a discrete insulator surrounding and perﬁ'@ng Imﬁl
attached to the shaft of the pin adjacent the pre-forned sol der ba and
sealing the shaft agai nst solder migration, 25 06 APR 2004 a discrete
conductive collar mounted on and surrounding the shaft of the pin
internmediate the insulator and upper enggof the pin. 13. The discrete
surface nmount contact of claim 12 wherein the insulator has an outside 5

di aneter t Beeeds; fhe [ dianeter of t _ sol der ball. 14. The
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faci ng thé0 dkEd -efd ofirgrecdheedimondimdap Ness overall metal content
however it may be easier and cheaper to fabricate.

Fig. 8B illustrates yet another alternate embodiment of the
contact 60 that is adapted for surface mounting to a
conductive pad 31 on the underside of the upper circuit board
12. It uses a shorter straight pin 62 than the contact 50. A
¢ylindrical insulator 64 with a relatively thick conductive
pad 66 on an upper side thereof is press fitted over the
straight pin 62. The pin 62 does not extend through the pad
66 so that the conductive pad 66.één be surface wmounted and
soldered to the conductive pad 21 on the underside of the
upper circuit board 12. A solder ball 68 is attached to the
lower end of the straight pin 62. The insulator 64 and
conductive pad 66 can also be formed as a miniature circuit

board made of Copper clad glass-epoxy PCB material.

Fig. 9 illustrates.yet another embodiment 70 that is similar
to the embodiment 50 of Fig. 8A except that the latter does
not have any conductive pad on the upper side of its
insulator 72. A solder ball 74 is attached to the lower end
of a straight pin 76. The upper end of the straight pin 76 is
soldered in place in the plated through hole in the upper
circuit board 12 but the insulator 72 has no solder
attachment to the upper circuit board 12. It merely functions
as a spacer and prevents solder wicking. The pin 76 also
could be stripped insulated rod or wire. In other words, a
length of insulation coated wire could have its ends stripped
of the insulation leaving the coating in place at an



a lower circuit board opposing and generally parallel with the_u per
circuit board, the lower circuit board having a plurality of ch ﬂ@%
pads arranged in the predeternmi ned pattern; and a plurality of conductive
joints each formed by re-flow of a pre-forned heat re 25 fl owabl e bondi ng
menber attached to the Iower end of a cperesponding pin, each conductive
joint bonding the | ower end of a correspondi ng pin and a correspondi ng

conductiv rm.ng_a l.ectr i cal nd therebetween. 17. The
circuit agsgﬁgpgaqetglgﬁﬁ 98%5%595 n%ﬁgﬁthEE &PtB RAENLESHL2ERE pin upper
ends 30 aﬁéathagcowbmchlw@qhd heveake ©0 denljlernthanandathersehder joints
are physi S at,qd ther b their ec ul at or
SBLakroBRINAYET TR b e Y S ZRBECh L8 PRE

such that the solders at the 0|nts 5 ho Ccircuit
boar d asséﬁB??téPncﬂaﬁnP¥6VWW§r@pddEWewupbengeﬁdsmothehbamnnatathe35
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has a conduEhlve sh ul der. positioned” between t I nsu e uapper
circuit btH 1FH§Pt ¥t kBftc hed tacpiddeBeeni AEH ﬁénglﬁgﬁpnal position of the

pin rel atAwEetnatmeemppea et e tcoQQaﬁ:dzo céf B ARR-4004 49, fhesetrcuit
board assggbLMeof clal gh EF Ee %E%er end of ,each Eln is formed with
a head wi SHCotiF 8P s fﬁc GEFBRELYRed2 ol BEUSBEEREORGALHATI and
surface bGﬁUeUEteppéledcnodamoﬁduetmmdlaaé 0Bchheotppar aChagdi {yiBeard. 5

20. The cihguil, baard %%S%HB|¥ngf18E$'”]16 wherein the pre-formed heat
re-fl owabl e bondi ng s frade of "4 material selected fromthe gr oup

consi sting of T|n/Lead sol der, Tin/Bisnmuth sol der, conductive epoxy,

brazing cpagound. ; vehdtpareeMpeund naPfle3oLAEhaPA8EE 020ur contact 30.
It is similar to the contact 10 except that the shoulder 20
is eliminated and instead the upper end of the pin 82 is
formed with a cylindrical head 84 for surface mounting to
conductive pads such as 31 (Fig. 4C) formed on the underside
of the upper circuit board 12. The head 84 is formed with a
plurality of outwardly opening radially extending channels 86
in its upper surface. The upper surface of the channeled
head 84 provides the principal contact with the conductive
pad 31 on the underside of the circuit board 12. The channels
preferably also open through the peripheral cylindrical outer
wall 88 of the head 84 to permit out-gassing of vaporized
solder flux. This minimizes skating and aids in self-
centering of the pin to the pad during solder re-flow. Solder
joint strength is also improved because the channels 86
increase the area of contact between the re-flowed solder and
the head 84 of the pin 82. The channels 86 could be formed by
a plurality of diametric channels that intersect in the
middle of the head 84 or a cris-cross pattern. The head 84
could have a wide variety of configurations as described and
illustrated in U.S. patent application Serial No. 09/520,427
incorporated by reference above. A ¢ylindrical insulator 90
is press fit over the shaft of the pin 82 until it abuts the
head 84. A solder ball 92 is attached to the lower end of the
pin 82.



21. Acircuit board assenbly conprising: an upper circuit boalﬂoﬁtﬁpﬂrzﬁg%,
contact positions, a plurality of discrete electrically conductive pi

each having a shaft with upper and | ower ends, the upper ends of each of
the pins being attached to the upper circuit board at one 15 of its contact
positions and being arranged in a predeggrm ned pattern, a plurality of

i nsul at ors each surrounding an internedi ate position of the shaft of a

correspondifngGHa 1y : [ it rg, apposi enerally parallel
with the u pg;r, Ci rmﬁ%l%%,&%#efﬁ%r&ci r Cui tg}%ogébgqtﬁeaé\k%gm&%pl urality of
conduct i v tﬁiﬂéeéﬂr Ay liden haldr ddetter Makead 2 putaasrion £@leudaticry of
conduct i ve:ijreiultcs tRaG f20r metbud-dre-ifl Qi 1of B R{rﬁié‘x%rt'&gi b iRl owabl e
bondi ng nenh ﬁﬁggtach d to the | ower end of a caorrespondi nd pin, each
conduct i v@lﬁlgi Bohditry &te Ghketinddder dediledformag fien rapd aged
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i nt er medi o SPLVER taPTeHe PeRdR D e @S E9Fordileg pive - £a oMowey
circuit bbar dsegposi ng and generally parallel with the upper circuit board,
the lower circuit board having a plurality of conductive pads arranged in
the predeterm ned pattern,

Figs. 11 and 12 illustrate cylindrical and square pre-formed

washer-like solder elements 90 and 92, respectively, that can
be formed on, or press fitted over, the lower end of the pin
14. They may surround the lower end 14b of the pin so that
they are flush with its perpendicular lower circular surface.
The elements 90 and 92 may also be spaced below the lower end
14b of the pin 14, or extend above the same. The elements 90
and 92 may abut the insulator 18 or be slightly spaced below
the same. '

When the customer solders the upper ends of the contact 10 in
the plated through holes of the upper circuit board 12, the
elements 90 and 92 will re-flow and form solder balls
adjacent the insulator 18. These solder balls may cool and
harden as the assembly moves down to the next automatic
fabrication station where the upper circuit board 12 with its
array of attached pins 14 can be inverted and placed on top
of the second circuit board 22 before re-flowing the sdlder
balls. The pre-formed heat re-flowable bonding members could
also take the form of a discrete quantity of a suitable
solder paste applied to the lower ends 14b of the pins in a
manner to ensure that the paste will adhere thereto during
the assembly and re-flow operations. Besides Tin/Lead alloys,
the pre-formed heat re-flowable bonding member attached to



27 06 APR 2004 a plurality of conductive joints each formed by ﬂr&-tmR)\Qﬂﬁ
pre-fornmed heat reflowabl e bonding nmenber attached to the [ower end of a
correspondi ng pin, each conductive joint bonding the |ower end of a
correspondi ng pin and a correspondi ng conductive pad and form ng an

el ectro-mechani cal bond therebetween, 538 first nmelting tenperature of the
solder in the solder joints of the pins to the contact position being above
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therebgt gh ow, but not necessarlly joints made of solder.

Figs. 13 A-C show more clearly a preferred embodiment of the
invention in which parallel boards 12, 22 are interconnected
by a plurality of discrete laterally-spaced pinned solder
balls 10, only one of which is shown. The components mounted
on the boards are not shown, but in a power supply
application, typically, the upper board 12 would be populated
on both sides with electronic components. The free upper
(from the Fig. 3 standpoint) pin end 14a is shown in Fig. 13Aa
seated in the metallized via or plated through-hole 94 before
reflow. In this embodiment, the metal flange 20 is slightly
axially-spaced above (from the Fig. 3 standpoint) the
insulator 18. This spacing can be adjusted for tolerance
reasons and to provide the capability for making different
protrusion lengths 14b beyond (below) the insulator to
optimize ball size and shape. It will also be observed that
a tapered section 96 joins the free pin end 14a to the flange
20. This provides the important advantage of allowing the
hole 94 to be larger to allow for placement tolerances (of
the pin in the hole), but at the same time it ensures that
the pin centers properly when the paste 95 provided in the
via is reflowed. The tapered section thus helps centering
before and after reflow. Fig. 13B shows the assembly after
the first reflow 97 of the free pin ends 1l4a of the
interconnects 12 into their respective via. Fig. 13C shows



t he upper end of each pin being formed with a head with an ce
t hat Pg di nensi oned topbe positioned on, and surface bondgdq?§?ng:g@§nd
conductive pad on the 25 upper circuit board, the head being fornmed with at
| east one channel that opens through the outer surface of the head and a
peripheral wall of the head. 24. A circyigt board assembly conprising: 30 a
general ly planar upper circuit board having spaced plated through vias; a

luralit f electrically conductive pins each having a shaft w th upper
Bnd over SHESSHR Y pae’?/t%% DF SEFHIDi TRE I P I diteedd I amfstitached

to the pl afedherioughrdmirescin Thedippesiciradfdcdioal by s plurality of
first solder joints and being arranged in a predetermned pattern; 35 a
plurality of discrete insulators each surrounding the shaft of a

cor r espondi fyRdiaRl appshiaratiion pflantemdrosterated s tacheattdeppesi rGiand
gener al | y ipdicaidicln id fud N6, URBRY. SIS Wi baard, dhe dapen of rouil board
having a plurality of conductive pads ar nge&yln heEEW? t'e fed
pattern; &RVer XPdE-eapRHogdacelarcl iaf) tdfe Jerenerstd dem jodii nfs f or med by

re-fl ow ngud tina<f erinkd-dieaty gy filawaklfs jondi éﬁﬁ%ﬁ%#ﬁ¥%&@%ﬂ¥]the si de

of the insulators facing the |ower circuit board, each of the second sol der

joints boﬁrﬁ’& Qqaﬁrl T s diRtiafy SHowtarid & icor Aédpomrdichg

conduct i vehegad the fadssnlgr irtle@fodde FHinshawmew, 0wRmARds dhaldi rectly

contact t@@fﬁering a first series of components to that same side of
the board, ultimately becoming the lower gide of the first
board. The result is a power module board 91 from which
protrudes a number of solder balls 16 each surrounding their
respective pin end. That first assembly 91 can then be sold
to a customer who plans to supply a second board 22 to which
the first board is to be attached. This customer will first
paste (apply paste to) the pads on his second board, seat the
first assembly solder ball facing downward on the lower board
‘22 as shown in Fig. 13B, and then in a second step reflow the
solder (paste and balled pin) to attach the assembly (power
module) to his second board (ball down) as shown in Fig. 13cC.
The weight of the power module assembly 91 will cause some of
the pins 14b at the balled ends to seat on the second board
pad 34 when it is reflowed. Typically, at least 3 pins, for
stability, should make contact with the second board pads (or
there should be very little solder between the board and
these pins, depending on the buoyancy of the solder and the
weight of the assembly). The other pins will typically be
rfufther away due to tolerances, coplanarity, or board
warpage. It is the solder ball thickness below the pin end,
i.e., the amount of solder below the pin end 14b, designated
98, that permits all the balls 16 to touch the paste and/or
pad and reflow properly. Also, to make a good solder joint
and have it survive through mechanical and environmental
conditions (mostly changes in temperature) a significant
amount of solder is required.



5 correspondi ng conductive pads and a second portion of the pﬂﬁs‘qpﬁ\ﬂmé
their | ower ends spaced slightly above their correspondi ng conductive pads.
25. The circuit board assenbly of claim?24 wherein each of the | ower ends
of the pins are spaced fromthe bottom surface of their correspondi ng

re-fl owabl e bondi ng nenber by a 10 thiqf?ess equal to about 0.010-0.020
inches. 26. The circuit board assenbly of claim24 wherein the upper

surface of  t sul at Qr nd Ctl pad .and the upper end of the pin
extends a Svg%Fh 88%&68Fi3333a§%P % HO?HQ tFpEPLE6FEdcECotnEhe
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of electrtnalbwc@@adu@Eub% ptﬂé Qé@BnBaBbagdac§HaEE gbbﬂlgee P | ower
ends, the Uﬁ er end of _each of the Elns being inserted in an bonded

to one of “PRECUFELSi-n IEnéScPreGEiChdaFl B§vE EPHEL O5olasr F@fﬁ@wﬁhhﬂ al so
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nsul ator g h Lr d he_shaft of one ins_internediate its
Lp;gr and ?gggreéﬁ Qﬁg b%gtﬁurgﬁpﬁy 8?CSF§ fﬁ?ﬁéﬁrﬁgattPE PFBﬁaﬁ?g
soIderingCﬁ@HQQEQtéaﬁﬁ tbeatfedsonbbhedsi tkiofl, oneldérihe cospbatnts to
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end of the, pin;_ each discrete insulator sea %ventlng
sol der m §+REFoROBEAWEENtRReSErPEE Boptdr F@lﬁ@lénaSthédad}aneht

re-fl onablerseldeEbRgrBBEBEr or removal. In general, while not
Av. A\ . A. A8v A8.An.A A A_A A An. AB. A A . A A_Ah% A A%
.A,.A>\.A.%§%‘ é}r ApyFsApreferred that the solders used during the

successive steps have decreasing melting temperatures to

minimize the number of reflows that a solder joint undergoes.

As indicated earlier, the pin, being of metal and having a
higher conductivity than solder material, increases the
current-carrying ability of the solder joint at the hole.
Also, the contacts illustrated in Figs. 8B and 10 have the
advantage that they are normal surface mount solder joints
that do not require a hole for a free pin end, while at the
same time they offer the advantage of separation of the
solder materials at opposite pin ends as explained in greater
detail below, and moreover the surface mount solder joint at
top can remain fixed in position while the solder ball joint
at the bottom may be adjusting during reflow to accommodate
board position changes.

The discrete metal flange 20, or shoulder as it has sometimes
been called, is of special importance in the assembly process
described above, because it virtually seats against the
bottom surface of the first board and thus provides
additional surface area and fillet area for soldering to

ensure that the pin does not separate from the first board
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during any of the early reflows. It thereby maintains the
amount of solder on the pin end 14b allowing it to remain
generally ball shaped or at least providing solder beyond the
pin end and surrounding the pin end before the soldering to
the second board. It will also be understood that the
insulator 18 can have shapes other than cylindrical, and as
explained in connection with Fig. 9 can also be an insulating

coating of small diameter on the pin to prevent wicking.

It will also be appreciated that a feature of the invention
is that the solder at the pin end--for example, 95, 97 in
Figs. 132, B--and the solder of the solder ball 16 are not
allowed to commingle by reason of the insulator separator 18.
This has the advantage of allowing more flexibility in the
choice of soldering materials, such as different melting
points or other properties of the separate solder materials,
and also allows additional control of the ball shape.
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he pin end and the top surface of the solder ball (in the

view shown in Fig. 1334), indicated in Fig. 13A by reference
98, is about 0.010-0.020 inches. The significance of this
thickness is that it indicates that the pinned solder ball
component as part of a multi?le board interconnect system
will tolerate as much as about 0.015 inches of warping oxr
out-of-flatness in one or both of the boards and still
provide reliable soldered connections to both boards. In the
preferred arrangement, the soldering of the pin end uses a
higher-temperature solder (for example, 90Sn/10Pb) which will
not reflow when the lower-temperature solder of the solder
ball (for example, 63Sn/37Pb) is reflowed.

In the preferred arrangement, the ball ends are surface
mounted to planar pads. In principle, it is possible to
solder the ball end to a via, but this has disadvantages and
is not recommended. The reason is that the via would have to
either be pre-filled (with a pin or solder or paste) or a lot
of solder would be required on the ball to allow it to both
£ill the via and still maintain a good solder joint between
the pin and board (either with the pin sitting on the via or
in the via itself).

In several views of the drawings, for example, Figs. 44, 4B,
7A,-7B, the platings 2la and 21b on opposite board sides can
represent outer parts of a plated through-hole, the inner
connecting part being omitted for clarity, or separate pads
on the top and bottom sides of the board that become
interconnected by the soldered pin. Also, the Fig. 4A
embodiment can represent a single-sided board with the
soldered pin providing a connection to a trace on one board
side. It will also be understood that the vias for the pins
need not be plated.
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10Q(m OAD&(Qact w1th attached heat re-flowable bonding member and
c¢ircuit board assemblies made therewith, it will be
understood by those skilled in art that our invention may be
modified in both arrangement and detail. The use of the words
‘upper” and “lower” is merely for convenience in describing
the structures illustrated. The boards and pins could be
assembled and/or used in ény orientation. Therefore, the
protection afforded our invention should only be limited in

accordance with the scope of the following claims.
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1. A surface mount contact for attachment to a circuit bodrd, comprising:
an elongate electrically conductive pin defining a shaft having a longitudinal axis and
5 having an upper end and a lower end;
a pre-formed heat re-flowable bonding member attached to the lower end of the pin;
and
a discrete insulator surrounding the shaft of the pin intermediate the upper and lower

ends and adjacent the pre-formed heat re-flowable bonding member,

10 said discrete insulator comprising a collar extending laterally from the shaft.
2. The surface mount contact of claim 1 wherein the pin has a cylindrical cross-section.
3. The surface mount contact of claim 1 wherein the upper end of the pin is formed with

15 a head with an outer surface that is dimensioned to be positioned on, and bonded to, a
conductive pad on a circuit board, and the lower end of the pin is dimensioned and configured

to be attached to a lower circuit board.

4. The surface mount contact of claim 1 wherein the pin is provided with a conductive
20 shoulder between the upper end of the pin and the insulator for establishing a predetermined

vertical position along the longitudinal axis relative to a reference surface.

5. The surface mount contact of claim 1 wherein the pre-formed heat re-flowable
bonding member is 2 solder ball.

25
6. The surface mount contact of claim 1 wherein the insulator is made of a high

temperature plastic resin or a printed circuit board material.

7. The surface mount contact of claim 1 wherein the insulator collar is press-fitted

30 around the pin.

8. The surface mount contact of claim 1 wherein the pin is of copper or a copper alloy.
9, A surface mount contact for attachment to a circuit board, comprising:
35 an elongate electrically conductive pin defining a shaft having a longitudinal axis and

having an upper end and a lower end,

a pre-formed heat re-flowable bonding member attached to the lower end of the pin,
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dimensioned to be positioned on, and bonded to, a conductive pad on a circuit board, and the

5 lower end of the pin being dimensioned and configured to be attached to a lower circuit
board,

the head being formed with at least one channel that opens through an outer surface

of the head and a peripheral wall of the head.

10 10. A surface mount contact for attachment to a circuit board, comprising:

an elongate electrically conductive pin defining a shaft having a longitudinal axis and

having an upper end and a lower end,
a pre-formed heat re-flowable bonding member attached to the lower end of the pin,
- an insulator surrounding the shaft of the pin intermediate the upper and lower ends
15 and adjacent the pre-formed heat re-flowable bonding member,
| | the pre-formed heat re-flowable bonding member being a solder ball,
the insulator having a conductive pad formed on an upper surface thereof surrounding

the shaft of the pin adjacent the pre-formed heat re-flowable bonding member,

20 11, A discrete surface mount contact for soldering to a circuit board, comprising:
an clongate electrically conductive pin defining a shaft having a longitudinal axis and
having a free upper end and a lower end;
a pre-formed heat re-flowable solder ball soldered to and fully surrounding the lower
end of the pin; and
25 a discrete insulator surrounding and permanently attached to the shaft of the pin
adjacent the pre-formed solder ball and sealing the shaft against solder migration;
the insulator having a dimension extending in a lateral direction to a distance
exceeding that of a corresponding dimension of the solder ball such that the insulator provides
a visible accessable surface to a pickup member.
30
12. A discrete surface mount contact for soldering to a circuit board, comprising:
an elongate electrically conductive pin defining a shaft having a longitudinal axis and
having a free upper end and a lower end,
a pre-formed heat re-flowable solder ball soldered to and fully surrounding the lower
35  end of the pin, ,
a discrete insulator surrounding and permanently attached to the shaft of the pin

adjacent the pre-formed solder ball and sealing the shaft against solder migration,
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discrete surface mount contact of claim 12 wherein the d1ameter of the msulator

is smaller than the diameter of the solder ball.

10 15, The discrete surface mount contact of claim 14 wherein the insulator is a coating on

an intermediate position of the pin.

16. A circuit board assembly comprising:

an upper circuit board having contact positions;

15 a plurality of discrete electrically conductive pins each having a shaft with upper and
lower ends, the upper ends of each of the pins being attached to the upper circuit board at one
of 1ts contact positions and being arranged in a predetermined pattern;

a plurality of insulators in the form of collars cach surrounding an intermediate
position of the shaft of a corresponding pin, the collars each having a flat surface on the side

20 facing the lower end of a corresponding pin;

a lower circuit board opposing and generally paralle! with the upper circuit board, the
lower circuit board having a plurality of conductive pads arranged in the predetermined
pattern; and

a plurality of conductive joints each formed by re-flow of a pre-formed heat re-

25  flowable bonding member attached to the lower end of a corresponding pin, each conductive
joint bonding the lower end of a corresponding pin and a corresponding conductive pad and

forming an electro-mechanical bond therebetween,

17. The circuit assembly of claim 16 wherein both the attachments of the pin upper ends
30  and the conductive joints are solder joints, and the solder joints are physically separated from
one another by their respective insulator such that the solders at the two joints do not

commingle.

18. The circuit board assembly of claim 16 wherein the upper ends of the pins are
35  inserted into corresponding vias in the upper circuit board and each pin has a conductive
shoulder positioned between the insulator and the upper circuit board that establishes a

predetermined longitudinal position of the pin relative to the upper circuit board.
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20. The circuit board assembly of claim 16 wherein the pre-formed heat re-flowable
bonding member is made of a material selected from the group consisting of Tin/Lead solder,
Tin/Bismuth solder, conductive epoxy, brazing compound, welding compound and solder
paste.

10
21. A circuit board assembly comprising:

an upper circuit board having contact positions,

a plurality of discrete electrically conductive pins each having a shaft with upper and
lower ends, the upper ends of each of the pins being attached to the upper circuit board at one

15 ofits contact positions and being arranged in a predetermined pattern,

a plurality of insulators each surrounding an intermediate position of the shaft of a
corresponding pin,

a lower circuit board opposing and generally parallel with the upper circuit board, the
lower circuit board having a plurality of conductive pads arranged in the predetermined

20  pattern,

a plurality of conductive joints each formed by re-flow of a pre-formed heat re-
flowable bonding member attached to the lower end of a corresponding pin, each conductive
joint bonding the lower end of a corresponding pin and a corresponding conductive pad and
forming an electro-mechanical bond therebetween,

25 each insulator being formed with a second conductive pad that is bonded by a

corresponding second solder joint to a corresponding second conductive pad on the upper

circuit board.
22, A circuit board assembly comprising:
30 an upper circuit board having contact positions,

a plurality of discrete electrically conductive pins each having a shaft with upper and
lower ends, the upper ends of each of the pins being attached to the upper circuit board at one
of its contact positions and being arranged in a predetermined pattern,

a plurality of insulators each surrounding an intermediate position of the shaft of a

35 corresponding pin, _

a lower circuit board opposing and generally parallel with the upper circuit board, the

lower circuit board having a plurality of conductive pads arranged in the predetermined

pattern,
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the lower ends of the pins to the conductive pads on the lower circuit board.

23, A circuit board assembly comprising:
10 an upper circuit board having contact positions,

a plurality of discrete electrically conductive pins each having a shaft with upper and
lower ends, the upper ends of each of the pins being attached to the upper circuit board at one
of its contact positions and being arranged in a predetermined pattern,

a plurality of insulators each surrounding an intermediate position of the shaft of a

15  corresponding pin,

a lower circuit board opposing and generally parallel with the upper circuit board, the
lower circuit board having a plurality of conductive pads arranged in the predetermined
pattern,

a plurality of conductive joints each formed by re-flow of a pre-formed heat re-

20  flowable bonding member attached to the lower end of a corresponding pin, each conductive
joint bonding the lower end of a corresponding pin and a corresponding conductive pad and
forming an electro-mechanical bond therebetween,

the upper end of each pin being formed with a head with an outer surface that is
dimensioned fo be positioned on, and surface bonded to, a second conductive pad on the

25  upper circuit board,
the head being formed with at least one channel that opens through the outer surface

of the head and a peripheral wall of the head.

24, A circuit board assembly comprising:
30 a generally planar upper circuit board having spaced plated through vias;
a plurality of electrically conductive pins each having a shaft with upper and lower
ends, the upper ends of the pins being inserted in and attached to the plated through holes in
the upper circuit board by a plurality of first solder joints and being arranged in a
predetermined pattern;
35 a plurality of discrete insulators each surrounding the shaft of a corresponding pin;
a generally planar lower circuit board opposing and generally parallel with the upper
circuit board, the lower circuit board having a plurality of conductive pads arranged in the

predetermined pattern; and
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28
a plurality of second solder joints formed by re-flowing a pre-formed heat re-flowable
bonding member located on the side of the insulators facing the lower circuit board, each of
the second solder joints bonding a lower end of a corresponding pin and a corresponding
conductive pad, a first portion of the pins having lower ends that directly contact their
corresponding conductive pads and a second portion of the pins having their lower ends

spaced slightly above their corresponding conductive pads.

25. The circuit board assembly of claim 24 wherein each of the lower ends of the pins are
spaced from the bottom surface of their corresponding re-flowable bonding member by a
thickness equal to about 0.010-0.020 inches.

26. The circuit board assembly of claim 24 wherein the upper surface of the insulator has
a conductive pad and the upper end of the pin extends above the conductive pad formed on

the upper surface of the insulator.

27. The circuit board assembly of claim 24 wherein each of the insulators separates the

first and second solder joints such that their solders do not commingle.

28, The circuit board assembly of claim 24 wherein each of the insulators comprises an

insulating coating.

29. A circutt board assembly comprising:

a generally planar single-sided circuit board having a plurality of spaced vias each
suwrrounded by an electrically-conductive trace on one of the board's sides;

a plurality of electrically conductive pins each having a shaft with upper and lower
ends, the upper end of each of the pins being inserted in and solder bonded to one of the vias
in the circuit board by a first solder joint that also electrically connects the pin to the trace;

a plurality of discrete insulators each swrrounding the shaft of one of the pins
intermediate its upper and lower ends;

a plurality of pre-formed heat re-flowable soldering members each located on the side

_ of one of the insulators adjacent the lower pin end and soldered to and fully surrounding the

lower end of the pin;

each discrete insulator sealing to the shaft and preventing solder migration between

the first solder joint and the adjacent re-flowable soldering member.



