tr]AeSeQNI4R6T6>V Met hod of inproving the quality of sol dered connections
The invention relates to a nethod of inproving the quality Immm
connections between | arge-area SMD conponents 5 wi th contac mum W
underside and circuit boards or wiring carriers, in the case of.,¥h

sol der required for connection is al ready prOV|ded on at | east one ‘of these
parts to be joined, a flux is used to activate the solder, and the

el ectri cal ﬁ@éhBECBQn'i %&owaaeeheoefuhh%s} 4 aehas.%a @Anae%@l aized

connection by neans of heat exposure and nelting of the solder-flux mxture
while the parts to be joined are transported through a soldering furnace,

with a subsequerRengaeh RrEIRRase.tol™ Lraétgaacar@ﬁ SMPrevimgnents quslGityas

ar ea- arra onen ar e fOl’ exa e unp Ck ed sem duct or corrponents
(f1i pchi p rﬁ%%ﬁeff PRRRAC T RIAT | g%twﬁeﬂr B%‘gﬁdcc‘fﬁ‘@ﬁf‘&)“ &nd CSP
(Chip!Sizeleacbmyuu@tcpm@gnenisﬂpackn@eﬁs1®ethadsmﬂﬁqﬁmtsbaasdbyou5|ng
wring te e IGh eI r |.s. «( pads)
present o%g?%ggun g#gf%%'are e?%%t?%g§Tl§ g%ﬁ%%%tedgtégggﬁ%aggégﬂr%d
printed cifptuicomrrgdiont ia helyeddyf previded edrconfiectéant Tnesedbl i sh

these sol deped GRINGCIIONBe YoMl SOl ABIxi $sf ietld e APREESYatE &k east
one of the 25 parts to be joined and.the conponent is subsequently

posi t i one§afethe ?Wﬁeﬁﬂ@ﬁ BFOEREFREAE oG ofCCABISBI deF TRt it6n i s

est abl ¢ shegtableshthat bpy 4 efdaues@idecbngect iansobderhagné urdmcel,ea@ flux
being required to ac vate Th| fl ux usuall hé ng

th
organi ¢ cEREPPHGENES, |@F%ﬁ%%€rsgpgﬁ:efo q%ﬁ: %Vﬁc@%ﬁﬁy{ﬁ arts to
be j oi nedpaetsi stapjlea edoinetiheafor Mrafns@o&mledert’paeughasa asml)dteuuelgof

smal | soIQ%%nggrtl% %ﬁbgg%ﬁ%lgﬁbgbéhcggﬁa 8%gFgrganlc additives (solvents

and bi nders "t hé connecte or exanple by printing or
di spensi ng. . - 2 Printing of the solder paste allows either part or
the engi r%aég@ua&egf émse é@&@@ﬁeﬁ@gu' %‘ﬁ@hf eéf@é?'éﬁbapg cton@)o&%@%ct' on,
including thé required flu be provid However, be <t at ed

t hat , \Aheﬁrﬁmftqrnﬂqﬁ@lmwa%ﬁ %e‘al‘é%@‘é%@%‘/ F@WP@WeﬁFéce(§§lprrot al |
t he organlc@u Oft&imﬁdifé’ﬁtss coaafamad @Hh]llh&}rlei-(iQFra[%@SteBQCe (@eR@dupnf-or the

chem cal atl n to_b oi ned and t he solder articles. The
flox. ool & e (BT 4P e d e B R En B8 PERIPaR LT o and
around thehsob@aﬂé@s¢om@ana(hycus1mg]Wimﬂm@IdechngqueeraunomheTmas@rganlc

const ggﬁ éﬂ#%ﬂ pL&se eg{}%ﬁgﬁt@%r%ﬁhggredﬁ%ﬂ? ecg %%egglqgn $ %roduced

form ed Wth or vapour ring operatlon
and, on a@@d@ﬂrﬁldfe 18reheeieptivyantyy regrneptedt o=@ heupprts egitong of the

sol dered connegls Ony1.Singe tﬁsxrare“&'tglm figant Ly gl i giit er 5t han tfag Jd qu' d
nmetal surrounding them This has_the consequence.t hat dependlng on the

posi tion SONBRCLRENsUbaESenBFyabLhERHUBHIGES | NPPHYRTBR t FONREGAILORS .
usually solder is firstly applied to at least one of the

25 parts to be joined and the component is subsequently
positioned at the intended mounting location. The soldered
connection 1is established after that by reflow soldering

in a soldering furnace, a flux being required to activate

the solder.
30
This flux, wusually comprising organic constituents, is
either applied directly to one of the two parts to be
joined, or is applied in the form of a solder paste as a
mixture of small solder particles, usually with further
35 organic additives (solvents and binders), to the location

to be connected, for example by printing or dispensing.
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‘'l at conponent term nals (pads), the surfaces of the underside of the
conponent or the surface of the printed circuit board as it runs through
the sol dering furnace. By contrast wi th open sol dered connections, the
bubbl es 25 cannot escape fromthe sol dered connection in their natural
direction of novement. A lateral drift2out of the soldered |ocation is only
possible to a greatly retarded extent, if at all. It has been found that

many bubbb%inleeﬁgrreof odged g&&@f Ot%n gws{vstf&&mfie{os@tt ech“ Rgles 30

and are entrapped in the solidifie der at the end he_sol deri ng
phase. Thengéfec edprddeiedtPa ﬁﬁéd§6ld§¥ﬁﬂﬂﬁﬁht%%¥ ?ﬁtﬁﬁﬂ§sﬁé99aﬁ@eknomn

as "voi ds'conhBess ongi dscdiuslhitgb thide relgegtrieldc &h uand i seaprealideact i on 35
of the sol dered connection if their nunber or size beconmes too great in

conmparison with the amount of solder. A further disadvantage of these voids
is thas tmbwewganiat musSt bemﬁ&aummtshaEnammhngdmﬂﬂimgnbheeadﬂdeﬁfect

over time oL ki ng,t he saldeted connechign.come apart, fur}g dhe gperation

of the co&bonent as a resul expansfon ances
escapi ng @pn@anh@em@ iaers aigiegs mayth@@bldﬁnslwms@racused ob thes

subasserbloneCashl di Bl A OnAnde | eAd bRy 1i6al yshacy el

caused by 1ons. ound that a particul arl ge nunber of 10

voi ds ar e SP3Ef&d Aatderc 1af avbie abl8Xcor@ldesnang | bmd%d Pabn negaime f1 at

conpopent ikerghigl saskhen sl desedibotBl i ahse covarerl byet hel®sted! the
conmponent. This i,s thggcase in parti Iar with the area-array conponents

used to afoRRErEdSIngduktBet , teEch ) ?¥+Tﬁkﬂﬁﬁ?rﬁi§9ntb BhS G
conponent s:pmsmltlmenq:azs&auﬁll/mPL‘hseherezlalheina tmaertsomﬁarégi h;togimemnﬂmr of

sol dered jw%l nths 9n thgogﬂggdm 9§Emd'§ﬁbﬂ>f’é’§ ef Jﬁhleéc?t h“(; ts}yrfﬂ(%lag eg> bHer e,

t he anmount Or concentration of e renains o qu sol i nder
contents okpove sbideredtbenmedidering Aoepatiotukad,y dn ghctausbmedr i son
with {he It if ch d ni. I reQui red
for t g c%%gctlgﬁogg eenr{%w edlﬁgbt ﬁfeh#)o#%%%fes g?ﬁgag(t?fe (?n&gture
of appr oxﬁ@étdélr;?d’SO%WW%e 8inee g&micy c‘%)'?%tﬁW@htféCaﬁ‘éIlBO%llﬂht\%l une of

netal ). 23pAnPpahle qulgarily ritgh mirefurefinoitthenare al so formed if, on
account of the further devel opnent of subassenblies, relatively smal |

sol dered connections have to be realized, but the size of the bubbles
remains timhisarea®nthbe deasieanidhaf thet phyiszbeakimgopﬁ{tthe ;idasaithjcm case,

the n er_.an S|ze of v0|d |n £ ol dered connecti ons ach
cri tl%lglo rafﬁgg% and* k%:‘-’lasnéeno ]l%nger be 1‘Fllgjgekr)uf)red RURIES tPley @%1 ]1 gad to
reliabilithlafei wg>rrrp@$1te|ntct &k rovi nedrsd e r( palderh, c origbieet aqrﬁfszedsess)f B&h‘éo avoid

such rest (il N0 4 h‘éhée'éo?r@dﬂefrb{: and EHECH Qe 6L ECERECH rsGRRPNENt S
caused by voids, various test
circuit board as it runs through the soldering furnace. By

contrast with open soldered connections, the Dbubbles
25 cannot escape from the soldered connection in their
natural direction of movement. A lateral drift out of the
soldered location is only possible to a greatly retarded
extent, if at all. It has been found that many bubbles
become lodged in the region under the soldered terminals
30 and are entrapped in the solidified solder at the end of
the soldering phase. The defects produced in the soldered

contact in this way are known as "voids".

These voids disturb the electrical and mechanical function
35 of the soldered connection if their number or size becomes
too great in comparison with the amount of golder. A

further disadvantage of these wvoids is that the organic



"have been carried out to research the causes of the voids and, finally,
produce sol dered connections that are free fromvoids. 5 In this respect,
the foll ow ng publications have becone known: W Casey, Reduction of BGA
Eutectic Ball Solder Joint Voiding, Proc. SM '98 San Jose, 23-27 August
1998; H. 10 Bell, M Kanpfert, Haken-aRd~Gsen bei der Verarbeitung von
BGAs, Teil 1 and 2 [shags in the processi ng of BGAs, parts 1 and 2], SMr

2001 i ssugoRstPRUEAL302%AM AP SHE 4neRdRS el 2the 1EF e 488 time
Tr oubl eshooting the Refl ow soldering for SMI, BGA and Flip l@_}Pr gcesses
Nepcon vest anStEtﬁatFétlrﬁqm CﬁonﬂﬁcﬁéPEhé‘rﬂS‘& g@ParB qébrzl'r HSRot h,

Bl ei frei gﬁéifaﬁl@blChofFehﬂl'Sé el &@rﬂpdﬁ@éﬂ@l des i B blwidula enoBGAthQﬁz‘ﬁthQ| | en

[l ead-free_works too;_.avo cts in |lead-free BGA_sol d%%_d Joints], F &

U Foi nwer FEUBHRERIM cHOTEERR KA BRI SRt ARTADIRG ( 2301 FRSS¢hadft i ed in
t hese publbidsi ansy arleadar itous st aws edesiorutthiopr aefuctthen efibesisesmbagd t heir
avoi dance g C t I es by

| oweri ng tﬁﬁg%ﬁux ang ?%ﬂng%ﬂ e%?ggrqgﬁ%%éggﬁ%fg Eﬁbf? gggcggﬁ%ent, or
changi ng ?heseﬁsbﬁsﬂpysef t he organic constituents and the chenlcal

conposi tion of the solder pastes and also the grain size of the solder
balls, is _described. This achieves the effect _that the volunme and nunber of

voi ds arelfedir®d Daed t fRuBdoyERly G RPEFAFHOATIY vERESEt YT Péased.

Afs ?hI@SU:vbadBOV\@it!@f féhﬁé@ Iﬁ@e%ethtﬁ{ﬂaamtﬂabu n ddmlpﬁmt_ surfgdp{mpertl es
o) e so aste e behaviour in screen printin e
wetting cﬁggéEEBH st? cst %Aﬁ(gt h89m88§‘§t1£)| Itreff}“t%ezp% ﬁgt?ge%fjﬁgleﬁ& eation
for bubbl gsian tike slsd acesemédt g peid sréet befj dilreedecdupohent npThiitsi es,

condensat i, Lgn teerasgol st Ltgelbﬁc&fﬂ agc §hvv| Agpég éjfﬁg?sb%%"? %’%nlt% to

change t h&ndcieat 73R es on e surfaces of J ol ned
due to inpeedt ites amnuemewmgmaxeﬁnm sughe a6y mpe@espw BEA, CoBactive
regi ofis Opyr 0@9?“\%?\?@ nd¥everyn thirg reguir esradghfignalpoleaning 5

operations, the a ance of tenperature fluctuations or the reduction of
at nospher PRTRGFIGPEYY anthHonsedieeH | yof ead& 16 TE6Ns i IRIbT e SRaddEi onal

effort. Thegdesiae, ofdiderpaitsedt e 1 @héedsdfﬁfséc%i sarae chaélg@d thhye
reducing the form and | ocation_of the gg of _sol der_ st 21@ r around
ap|

the j oi nt @PHDGr d8F t GORFERGFAHAN d°fo GhSof TERBLRSHhLP s
Al t hough tbilsesoneiridresi rdéowsonuehesgedd trmwcb'sdéned)ecanheetzmn iits does

not produg m,de gnvmt t t

subas%gnblpyr iguﬁtﬁan i ngl e heltd ﬁa%%r%e% i I‘é%kgspg n‘geen a??enptt%g in
order to gifveachenbeibbeddelre ax n@e oentseeu;@Oémremelre@rrfphe tinst al
melt tot %%nale%aohy He?é Shagn ! Re LSRG Alr 5 MpLe S| M ¥ 9B DR AW CKly

and changi ng the peak tenperature. However, the significantly increased 20
thermal | JAGMEYTSE (He SEPRERBHBRYSIE dP8AdvAW ag ¢n Phi s Egs@ic

Finally, iconRastaksesbega abkemyt edliameChEngrtibhe .at mospheric conditions,
by carryl ng out the soldering 25 operation in a nitrogen atnosphere, in

order“?o reduce the surface tension of the sol der and consequently the work
of em ssi an pahiavievdrr tyhé ifgir matntser of £ voditids canaohlbe compldt alfy aroi ded

0 O S vk 30, The sl v, ol SAQBRLR0es 0L LGS s: TLB00S. e di ey eased

effort, the erloratlon in ual I € su asse
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quallt connectlons which is sinple to realize and particularly
of the physical properties. In this case, the number and

gize of the voids in the soldered connections may reach
critical ranges and can no longer be ignored, since they
can then lead to reliability being restricted or render
them completely useless.

35
To avoid such restrictions of the reliability and function

of electrical components caused by voids, various tests



'- 6 5 10 15 20 25 30 35 effective and with which the nunber of voids can
be drastically reduced. The object on which the invention is based is
achieved in the case of a nmethod of the type stated at the begi nning by the
parts to be joined being positioned one over the other and connected to
each other by fornming a force of adhesfon and by the parts to be joined
being arranged in such a way that they are tilted at a predeterm ned
tilting a i respecy t he.n a t Auripg.thgmel ting
of the sopggg g&%?e. Theg%%gﬁR% g ?%?ggﬁﬁéxgggtgﬁvgﬁgfﬁ%€e£ﬁgtK%éafs t hat
t he nunmbepngi Voingd s dprgeieal Ispldedgdedcompectirisi $hedqua¥edirse this
pur pose i $rbg @akhapge the printed circuit board or the parts to be joined
in such a way that they are tilted at an angle in relation to the nornal
pl ane of the transporting belt with which the parts to be joined are
transport gd tthimighetbecsql dehé ng dfldrondacry dpubhychbeonrat itizeres obdebmag
operationk L guring a predetermned tine. In this case, it is imuaterial on
whi ch si dé"6F "t he printed circuit board or a support elenent the conponents
to be fastened, such as for exanple sem conductor chips, are |ocated.
During the tikti o] 10N, t SETANS § Qi I erg t to one
anot her bg'foééiggf gg%g%#gﬁﬁlA??%rgp e %ng?%igof t % E%P'éﬁ;(?ﬁgﬁgolder

t M@

past e?, iddReri EST opSMLi e5%@r Sampievsed A2 12e MegbBhRg ¥Dt&esHof the
nol t ey sobden , om,t k@ npAds-t0f HrePridy eskd& rsal tabpavdraipbheuagmpenent .
The high faorce of | dhes%gﬂ, mflch kﬁﬁPs even relatlvelg | arge conponents in
t he prede?@ﬁﬁ?ngﬁlgoéiﬁ QurSRER R it rRYQCFRRI FAgCbpaFafi oRATES
surprgsing.aBﬁhQthGmmgzmdﬂ”%@Ele$fiﬁagémw36033a&ﬂﬁdﬁsguéphdsfagb? met hod
according.,to t in ion_a red . _connections wt ar. _fewer

voi ds or gééen_ eggi;r\éf';gw Eﬁ%ﬂt Qi\(/\%ol'%gs)l?sgh%%lpr}%dgg&% ©i §3 \91§ﬁt158es of

t he previ dogl YWMhowAGRetdnotisFbip avibiigh nerecdsises sublepasnf diegxadPlos ,

pr ol ofgi GGkl fCT B3R1 NEAL hely ! NefIMLLd G, Of 1 he parls 5.0 Rpdhol ned
during the reflow sol deri hg, naklng the gr cessing properties deterrorate
and the aBdpifsral aahdard nguelf oFehilatehdepr seadeican benapdedédeiinna
surprisingy-spEBke1%8Y I0cha-areafl i RBFRAL 6botheakBYENt WaFeckhe figrm ng
of the foace of. adhesion is_inproved q% gﬁglyln a slight force. The

erf 0%ndf 1861nyerktechyisingl e of

tilting an§PE-GHPPngPERI t PAGIFESE |3 Het
90 bei ng prefeceetnikaMigudelektronik 19 (2001) 4.
20
Specified in these publications are various causes for the
production of wvoids and their avoidance. For instance,
changing the composition of the solder pastes by lowering
the flux and solder content or increasing the metal
25 content, or changing the wviscosity of the organic

constituents and the chemical composition of the solder
pastes and also the grain size of the solder balls, is
described. This achieves the effect that the volume and
number of voids are reduced and the buoyancy or migration
30 wvelocity is increased. As a result, however, there is a
deterioration in the processing properties of the solder
paste, such as the behaviour in screen printing and the

wetting characteristics.

35 Another possibility 1s to <change the nucleation for
bubbles on the surfaces of the parts to be joined due to

impurities, condensation water, moisture or surfaces with



15 success being obtainable in the vertical position. Tilting angles of 20,
45 and 60 likew se yield an inprovenent, albeit smaller. In a continuation
of the invention, the tilting angle is 20 changed during nelting, a
continuous change being preferred, in order to prevent novenent of the
parts to be joined caused by vibrationS. “In a further refinement of the
invention it is provided 25 that the nmaxi mumintended tilting angle is

reached aftgbrgomP! ALY OONOT dheBBbhhagserer atbelver, i niihe Rerkizere. One
particul ar refinenment” of the invenfion is characterized in_that" the parts

to be joi AEHLEEEN8Y 1 eFeREEIHNY t r KRFFATIRN S hr oUePe a sBVBEARRGS! ur Rdce. To
achi E}/e th%m@%kaﬁhrléhaﬂlllﬁ]dlﬁlM§S oh:eaytee_tﬂgduettiga S@fb detmpaphiegdlar |y
quickly or conpletely, the parts to oi y be subjected to

e st Y onpt R She Yo PiiSad it O DECdRY ool okebk fek g

| oadi g maddtiakenplaeé€fbyti.nf rasound or ul trasound. _ g _ One particular
refinenment of the invention is characterized in that the tilting of the
parts to be joined during the nelting takes place by a continuous change,

in order Thepderdem afvenemtPattshEopdet Jaimgse My ohhed bgusb@nged,

vi brationg,, Addidiigy PRSSiAY I tynds 1b@akAbhoducer BoCaNdid | R RGIHFE Wi th
an essentially _constant tenperature between the nelting operation_and the
f ol | owi ngSE6EI iLFG PIeEs L MNTHhENS nyeARF on ifs HrEieEe ExpfEPhedai kudsde detai l

bel oW ¢isi RY feMHABLEBIM dBdYSind N ANEhaSSOCERL 8dsBhaviRgs: filgwe 1
shows the ne&hod accordhﬂﬁﬁgo thg i nv ntiog, i.n %%ﬂ%gich t he garts to be

j oi ned ar B FENEF6R &FT VET t PEaPCHSEVEPon Ythr PRe BOPHEFPnG™ ur nace
and sol deped itnamonde ahah hevitl-i gespe2tshowns drhersopdepengied tde paets to
be joinedsgha%%eﬁgigtting angl e of 45; and Figure 3 shows the transporting

of the parts oi ned through a reflow furnace with a tenperature
profile in a soldering curve. 25 Figure 1 shows how the printed circuit

boar d; 2, @h%ﬁ%ﬁn&_eréﬂecaﬂnéitEﬂgarp*i@f‘iqre_ Ihad St EBNIRAUT ede vilBeLhe goponent
porting di b

3 arranged on~it~in the transpo rection 4 on a transporting belt 5

t hrough aSFE8efowd WHER ethehd b ligshrihe biBRUESd TF9 P t RBAs SIs§@bieng

process !mrbﬁe &Qkﬁefméﬂﬂp 6mewi ched or pBef r @AgEhe $§Qde£a9§§hg bynzel ting
of the tin-I|ead Eartlcles of the sol der paste between ads 7 of the

he
printed citFERFEASEEFE PUR # %W%%rrBiSn €34 Tof i 3 Sﬁ}gpﬁénﬁattﬁ’ﬁal
buoyancy pehit t hemperatifrace tbwelved,i qihe selidenfiwaerdyt hdynceseapel i nto

the Syéro%%%E%%' loading of the subassembly is disadvantageous in

this case.

Finally, it has also been attempted to change the
atmospheric conditions, by carrying out the soldering
25 operation in a nitrogen atmosphere, in order to reduce the
surface tension of the solder and consequently the work of
emission. However, the formation of wvoids cannot be

completely avoided in this way.

30 The main disadvantages of these methods are the increased
effort, the deterioration in the quality of the
gubassembly and the inadequate avoidance of the occurrence

of voids.

35 The invention is therefore based on the object of
providing a method of improving the quality of soldered

connections which is simple to realize and particularly



- 9 In contrast to Figure 1, Figure 2 shows the arrangement of the printed
circuit board 2 at an inclination of 45 with respect to the normal of the
transporting belt 5. 5 Shown in Figure 3 is the transporting of printed
circuit boards 2 through a reflow furnace 10, the tenperature profile of

whi ch during the sol dering operation-i$ represented in a sol dering curve
11. In the pre-heating zone 12 of the reflow furnace and the saddle zone

13, the 1%@&@&%@ caﬁewweﬁar@hgcﬂﬂe@hgorﬂmlal |y W&ﬁgi SR the
peak zone 14 rinted circurt board 2 is set at a prede ternlne angl e

by neans @?aétéﬁﬁﬂgﬂl€eééﬁﬁée 15 for tilting the subassenbly with respect
to the plane of the transporting belt 5. This angle may be up to 90. In

this 15 zo he nel ting of thﬁ sql der takes pl.ace and the bubbles
produced ¢ ﬁ PRACE T IR SErHER blifip 16VERAL OFs Forkf IR RRBLGYSA
corr espondineg dasdigfir@a e thaids cﬂﬁ)ethél appealmtlaﬁeahczai ethéednegcimrﬁmg{ east

ntensi fi gd. . applyLng d nicasaynd andil ULLLEsUADs HoNeVEE,, T nthi s 20

case it sure requenc 6 "Afrasound”6F uItrasound
i s chosenotlesi dend heonneohadt ta egaencyptdert Hey plerwing e foraedadr the

subass eyl o0 UR(q {9y CRRMI i) <Fr5él 3ot rhAtn P08 t LonbAgear abf ers

are rul ed out. In the foll ow ng coo Zzone 16, the printed circuit
board 2 |§usbo@gma>fbet&@ti ey h%r%oﬂ]z’éﬁ@a?tpéspﬂfieéﬁtéﬁﬂllll'@évé@lttﬁélgr ef | ow

furnace. JQgEeanpiten 1re§9le@@r 'tﬂg tRet ROMRIL | BANBPSidd ONe@btt BRiring

subassenbl ( rinted C|rc rd 2) with respect to the normal plane of
t he soIdeF%ﬁ %F&Fﬁgge g rﬁ%§§@ ‘circuit board 35 2 is positioned

t oget her mnth t he conponents 3 placed onto the sol der paste (solder bunp 6)

inafra whi ch .pr ot ec t he arts tg.be sol dered fr tLppiLn er -
10 “ver it BRI oY (e ERiReBBRRRRYBaY ISR R SRR PORTEE Eer i ng
furnace. hmmbers pdsi tvicdds t He pdraiséd ceildyui treld@azled 2 iAdlsulijhedt ed st o t he
CUSt0:[@”ég}@u‘i‘i‘fe'd“gfB&OC%%%shA?gaﬁ%'o%et akes place Lhe CO %neg%{;i% P or

5 mcro- onent are t he adheS|on on
print ed- oﬁlr§éﬂl(§elb0@z¥ @rorF}tEhéDQ/léﬁffll%lb%uWh%%do#nt ﬁécbr Binfuedy d-'ihac,tmt

board 2. lmedn e alt i@y Natl OeYhOfanEjl% sohdefeadh tGiioReNnt ghé t ﬂe@f%aho f ound
that there_were no | onger an

| d rf d
hore wi t hPAEallortFa EF GRS BHER oDotbr Btk ‘TP ORRER BN ot e

printed cijodwied are transported through the soldering furnace
20 during the entire soldering operation or during a
predetermined time. In this case, it 1is immaterial on

which side of the printed circuit board or a support

element the components to be fastened, such as for example
semiconductor chips, are located. During the tilting

25 operation, the parts to be joined remain attached to one

another by force of adhesion.

After the melting of the solder (the solder paste), the
adhering properties are improved by the wetting forces of
30 the molten solder on the pads of the printed circuit board
or the component. The high force of adhesion, which keeps
even relatively 1large components in the predetermined
position during the entire soldering operation, is
surprising.
35
By contrast with known solutions for avoiding voids, the

method according to the invention allows soldered



board 2 during the entire reflow process in the convection furnace (setting
angl e 45) was achieved by the printed circuit board 2 being supported on
one side on the transporting belt 5. In this case, the nunber of 20
connections with voids was reduced to about 25% and the overall volume of
t he voi ds per sol dered connection was dl so vi si bly reduced. The renaining
voids are located at the edge of the soldered connection and are therefore
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zone 14 peak zone 15 device for tilting the subassenbly 16 cooling zone -
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10 In a refinement of the invention, the forming of the force

of adhesion is improved by applying a slight force.

The tilting angle during melting must lie between 0° and
180°, a tilting angle of 90° being preferred, maximum

15 success being obtainable in the vertical position. Tilting
angles of 20°, 45° and 60° likewise yield an improvement,
albeit smaller.

In a continuation of the invention, the tilting angle is
20 changed during melting, a continuous change being
preferred, in order to prevent movement of the parts to be

joined caused by vibrations.

In a further refinement of the invention it is provided
25 that the maximum intended tilting angle is reached after

completion of the melting operation or in the peak zone.

One particular refinement of the invention is
characterized in that the parts to be joined are

30 repeatedly transported through a soldering furnace.

To achieve the effect that the bubbles leave the melted
solder particularly quickly or completely, the parts to be
joined may be subjected to vibrational loading during the
35 melting operation. Such vibrational locading may take place

by infrasound or ultrasound.



"1. Method of inmproving the quality of soldered 5 connections between

| ar ge- area SMD conponents with contact pads on the underside and circuit
boards or wiring carriers, in the case of which the solder required for
connection is already provided on at |east one of these parts to be joined,
a flux is 10 used to activate the sordér; and the electrical and mechani cal
connection is established by a sol dered connection by neans of heat

exposure aRd Melddig Rf1dhe splepfehdpx m xkure oM | e {hgepaLds toihe
j oi ned are transgorte through a s Iderlgg,furna e, 15 with a subsgguent
t
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they are 50°tFFt ed"at %4 pre&été?nined thtlng angl'e mn?hg}éépec? tg t he

nor mal5 pl apénedt chvast bur vagreheomsl.-ti ng of the sol der paste. 2. Mt hod
according to Claiml, characterized in that 25 the formng of the force of
adhesion is inproved by applying a slight force. 3. Method according to
Cdains 1 AndurtheRamRg LY n1ehsP e 1ddUGeng? afghel BLPRAgIt kd™el ti ng

is 30 gregtieh than QswyuhdilLs petywasdh@ande rédcuMet hpdtaeeqr dichg to
Claim 3, characterized, in_that %9? &ihﬁin angl e i,.s about 90. 35 5. Method
accor di ng"E¢ tePdi ABe335A874 2 0Eh &P S ot 2W A Bn CPRAL P B E i ng angl e i s
changed during the nelting. - 13 6. Method according to Caimb5,
characterized | h Lt a I nt.i.n y d . t hod
accor di ngll?l% &rg‘(érrlg@%o%ng%, It%:Dhzr;lfg%c'?-"girp:elz‘—’{elcsfle?i F\Lht Erﬁc??% he&én%(&%nu%eﬁr?ygﬁded
tilting anghiag sxeepdhed afbedisemplet fontbe eleogekbtiedy dypariagison. 8.

Met hod according to one of Clainms 1 to 7, characterized in that the parts
to be joined are 10 repeatedly transported _through a sol dering furnace. 9.
Met hod ac&dPHirRg Lt 0SBAWSoftNE dneighad t BC8OrehBg aderiBRdiNHeRRAP hdThar t s

to beigoined are supheehedhtopdirbeatbonal jbeadtingreutiragsibeted tinng 15
operation. 10. Method Ecco di_ng .to Cla% ed.in that the

t 9, h ter]
vibrational |oadi ng"thk&sepl &8yt ¢ g%%ﬁ%ﬁ %ﬁgiﬁgié%ﬁhﬂgeﬁgfﬁﬁcgutside

t he resonant frequeang soldered to one another;

Figure 2 shows the soldering of the parts to be joined at

20 a setting angle of 45°; and

Figure 3 shows the transporting of the parts to be joined
through a reflow furnace with a temperature
profile in a soldering curve.

25

Figure 1 shows how the printed circuit board 2, placed

vertically in a holder 1, 1is transported with the

component 3 arranged on it in the transporting direction 4

on a transporting belt 5 through a reflow furnace. The

30 Dbubbles produced during the soldering process in the
solder bump 6, which forms from the solder paste by
melting of the tin-lead particles of the solder paste
between the pads 7 of the printed circuit board 2 and the
component 3, are driven by the natural buoyancy 9 to the
35 sgurface of the liquid solder, where they escape into the

surroundings.



20 of the parts to be joined. 11. Method according to one of Clainms 1 to
Z0, characterized in that the tilting of the parts to be joined is
performed after reaching the peak zone 25 or after the nmelting of the

sol der paste. 12. Method according to one of Clains 1 to 11, characterized
inthat a conditioning time with an &sSentially constant tenperature IS

i ntroduced 30 between the neltlng operation and the follow ng cooling
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f<tp3 #19¥2§§§E§t3§g %é%%O%%VThgs angle may be up to 90°. In this
15 zone, the melting of the solder takes place and the
bubbles produced can leave the solder bump 6 that is
forming, in the way corresponding to Figure 1. This
operation can be accelerated, or at least intensified, by
applying infrasound and/or ultrasound. However, in this
20 case it must be ensured that the frequency of the
infrasound or ultrasound is chosen outside the resonant
frequency of the parts to be joined or the subassembly, in
order to ensure with certainty that positioning problems
are ruled out.
25
In the following cooling zone 16, the printed circuit
board 2 is brought back into the horizontal position and

leaves the reflow furnace.

30 Example 1:

Soldering in the wvertical position of the subassembly
(printed circuit board 2) with respect to the normal plane
of the soldering furnace. Here, the printed circuit board
35 2 is positioned together with the components 3 placed onto
the solder paste (solder bump 6) in a frame, which

protects the parts to be soldered from tipping over,
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circuit board 2 is subjected to the customary soldering
process. As this takes place, the components 3 (CSP or
5 micro-BGA components) are held by the adhesion on the, for
example printed-on, solder paste on the wvertical surface

of the printed circuit board 2.

In an X-ray examination of the soldered component, it was

10 found that there were no longer any voids.

Example 2:

The soldering was performed here with a smaller getting

15 angle. Here, an oblique position of the printed circuit
board 2 during the entire reflow process in the convection
furnace (setting angle 45°) was achieved by the printed
circuit board 2 being supported on one side on the
transporting belt 5. In this case, the number of

20 connections with voids was reduced to about 25% and the
overall wvolume of the voids per soldered connection was
also visibly reduced. The remaining voids are located at
the edge of the soldered connection and are therefore no
longer problematical.

25

Example 3:

Here, re-melting of the subassembly was performed after it
had already been soldered in the customary way and
30 contained voids in each soldered connection. Here, the
subassembly was positioned vertically (standing upright)
onto the transporting belt 5 and once again taken through
the convection furnace (reflow furnace 10) and melted once
again under the same conditions. The number of soldered
35 connections with voids was reduced to 30%, the number and
gsize of the wvoides still present 1in the soldered

connections was visibly smaller.
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4 transporting direction

in-“

transporting belt

solder bump

5
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7 pads
8 bubbles

9 buoyancy

10 reflow furnace

11 soldering curve

12 pre-heating zone

13 saddle zone

14 peak zone

15 device for tilting the subassembly

16 cooling zone
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w1r1ng carriers, in the case of which the solder
required for connection is already provided on at
least one of these parts to be joined, a flux is
10 used to activate the solder, and the electrical and
mechanical connection is established by a soldered
connection by means of heat exposure and melting of
the sgolder-flux mixture while the parts to be
joined are transported through a soldering furnace,
15 with a subsequent cooling phase, characterized in
that the parts to be joined are positioned one over
the other and connected to each other by forming a
force of adhesion and in that the parts to be
joined are arranged in such a way that they are
20 tilted at a predetermined tilting angle with
respect to the normal plane, at least during the
melting of the solder paste.

2. Method according to Claim 1, characterized in that
25 the forming of the force of adhesion is improved by

applying a slight force.

3. Method according to Claims 1 and 2, characterized
in that the tilting angle during the melting is
30 greater than 0° and lies between 0° and 180°.

4., Method according to Claim 3, characterized in that

the tilting angle is about 90°.

35 5. Method according to Claims 3 and 4, characterized
in that the tilting angle is changed during the
melting.
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characterized in that the parts to be joined are

10 repeatedly transported through a soldering furnace.

9. Method according to one of Claims 1 to 8,
characterized in that the parts to be joined are
subjected to vibrational loading during the melting

15 operation.

10. Method according to Claim 9, characterized in that
the vibrational loading takes place by ultrasound
or infrasound energy outside the resonant frequency

20 of the parts to be joined.

11. Method according to one of Claims 1 to 10,
characterized in that the tilting of the parts to
be joined is performed after reaching the peak zone

25 or after the melting of the solder paste.

12. Method according to one of Claims 1 to 11,
characterized in that a conditioning time with an
essentially constant temperature is introduced

30 between the melting operation and the following

cooling phase.



