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15 Large-area SMD components, such as area-array components,
are for example unpackaged semiconductor components (flip-
chip components) or BGA (Ball-Grid-Array), BOC (Board-on-
Chip) and CSP (Chip-Size-Packaging) components packaged in
the smallest space by using wiring techniques, in the case

20 of which the electrical terminals (pads) present on the
underside are electrically connected to contacts on a
printed «c¢ircuit board with the aid of a ‘soldered
connection. To establish these soldered connections,
usually solder is firstly applied to at least one of the

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

in a soldering furnace, a flux being required to activate
the solder.

30
This flux, usually 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, wusually with further
35 organic additives (solvents and binders), to the location

to be connected, for example by printing or dispensing..
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joined, or is applied in the formof a solder paste as a mixtur I
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which 1is produced form bubbles filled with 1liquid or
vapour during the soldering operation and, on account of

15 their buoyancy, rise up into the upper regions of the
soldered connection, since they are significantly lighter
than the liquid metal surrounding them.

This has the consequence that, depending on the position

20 of the subassembly, the bubbles impinge on the usually
flat component terminals (pads), the surfaces of the
underside of the component or the surface of ﬁhe printed
circuit board as it runs through the soldering furnace. By
contrast with open soldered connections, the bubbles

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 solder. A
further disadvantage of these voids is that the organic
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paste is the case in particular with the area-array components

used to an increasing extent, such as flip-chip, BGA, CoB

15 or CSP components, in the case of which there are a
particularly high number of goldered Jjoints on the
underside, distributed over the surface area. Here, the
amount or concentration of the remains of the flux,
solvent and binder contents of the soldered connection is

20 particularly high in comparison with the amount of metal
if too much solder or the entire solder required for the
connection has been provided in the form of solder paste
(mixture of approximately 50% by volume of organic
constituents and 50% by volume of metal).

25
A particularly high number of voids are also formed if, on
account of the further development ~of subassemblies,
relatively small soldered connections have to be realized,
but the size of the bubbles remaing the same on the basis

30 of the physical properties. In this case, the number and
size of the wvoids in the soldered connections may reach
critical ranges and can no longer be ignored, sgince 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



(m xture of approximately 50% by vol ume of organic constituents and 50% by
vol ume of netal). 25 A particularly high nunber of voids are al sbdf b
if,n%n account of the further devel opnent of subassenblies, relatively
smal |} sol dered connections have to be realized, but the size of the
bubbl es remai ns the same on the basis 80 of the physical properties. In
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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 f8l | dw nghpabliesnduns baee Hebbreingnewkl iwatdagey, hReduchéormef BGA
Eut ecti ¢ {BaJyn .Sol der Joint Voiding, Proc. SM '98 San Jose, 23-27 August
1998; H 10 Bell, M Kanpfert, Haken and Osen bei der Verarbeitung von
BGAs, Teil 1 and 2 [snags in the processing of BGAs, parts 1. and 2], SMIr

2001 issuye 3capages ROdsst b issUsch pagewtil? Ball, Bbfdeke€joint
Nepoon WZL0i806, SEOAnatiin UG (SR \TORE onBADE! gl st KaTBE) (E- Roth.
Bl ei toei Bpdit,' M.auimpiett stidken undndsdanbied ldeai fueaizrbe BGMad otshel | en
[lead'fr%ﬁﬂ%ﬁr@%ffmﬁ &W@ig ?Sﬁgﬁgsihnthe processing of BGAs, parts

1 and 2], SMT 2001 issue 3, pages 30-33 and issue 4, pages

12 - 17; N.C. Lee, Troubleshooting the Reflow soldering

for SMT, BGA and Flip Chip Processes, Nepcon West 1998,

15 Anaheim USA CA; M. Reichenberger, D. Kozic, H. Roth,
Bleifrei geht's auch, Fehlstellen vermeiden in bleifreien
BGA-Létstellen [lead-free works too; avoid defects in
lead-free BGA soldered joints], F &. M Feinwerktechnik
Microtechnik Microelektronik 19 (2001) 4.

20
Specified in these publications are various causes for the
production of voids 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 wvolume and
number of voids are reduced and the buoyancy or migration

30 velocity 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 is to change the nucleation for
bubbles on the surfaces of the parts to be joined due to

impurities, condensation water, moilsture or surfaces with
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regi ons or roughnesses However, this requires additional cleanin
oper at i on$ie (35S 1Grbi AanERE oPALEEMSG Reur 2O PE’t BAYi GhEC0rP HEhG tion of

at nosphergyc rétﬂﬁ&ﬂﬂléYthéndfcﬁﬂﬁlséﬁblerﬂldc}éﬂﬁﬁrﬂsofo tHNSt ey aklre sS1agdi tional
effort. The d n of the g& hﬁ ta be 0|ned q§%¥also be .changed, . . by
ohs r

redu0|ngﬁﬁﬂgf i Fo7% fJFH@ d&P ¥PIH 13 dar ound
the 10i ntup iaf drlderbtlibbbesi dsaapiingd Aﬂthpugh thadnﬂdﬁ&ﬁnmﬁgmﬁﬂlmws

A Lhough Allce SR | JES.aLLOVR LU G000 T eRU! kscLo e doligyad ah! does
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subassembly.

15 Changing the melting profile has also been attempted, in
order to give the bubbles the time to rise up and escape
from the metal melt to the sides by raising the
temperatures more slowly or more quickly and changing the
peak temperature. However, the sgignificantly increased

20 thermal 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
emisgsion. 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
subassembly and the inadequate avoidance of the occurrence
of voids.

35 The invention is8 therefore based on the object of
providing a method of improving the quality of soldered

connections which is simple to realize and particularly
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The result of this unexpectedly simple method is that the
number of voids is drastically redﬁced. All that 1is
15 required for this purpose is to arrange 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 normal
plane of the transporting belt with which the parts to be
joined are transported through the soldering furnace
20 during the entire soldering operation or during a
predetermined time. In this case, it is 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 large components in the predetermined
posgition during the entire soldering operation, is
surprising.
35
By contrast with known solutions for avoiding voids, the

method according to the invention allows soldered
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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 Fjoined 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 loading may take place

by infrasound or ultrasound.



10 In-a refinement of the invention, the formng of the force of adhesion
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using exemplary embodiments. In the associated drawings:

Figure 1 shows the method according to the invention, in
15 which the parts to be joined are transported in a
vertical position through the soldering furnace

and 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, is 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 surface of the liquid solder, where they escape into the
surroundings.
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predetermlned angle by means of a suitable device 15 for
tilting the subassembly with respect to the plane of the
transporting belt 5. This angle may be up to 90°. In this
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 leasgt intensified, by
applying infrasound and/or ultrasound. However, in this
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 subassembiy, in
order to ensure with certainty that positioning problems
are ruled out.

In the following cooling zone 16, the printed circuit
board 2 is brought back into the horizontal position and

leaves the reflow furnace.

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
2 is positioned together with the components 3 placed onto
the solder paste (golder bump 6) in a frame, which

protects the parts to be goldered from tipping over,

The invention is to be

20 a setting angle of 45; and
éﬁggméﬂ%oaﬂh a

sol der bunmp 6, which
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zone 12 of the reflow furnace and the saddl e zone 13, the 10 printed

circuit board 2 lies horizontally. Wen it enters the peak zone QA?EL{ g5
printed circuit board 2 is set at a predeterm ned angle by neans o

suitabl e device 15 for tilting the subassenbly with respect to the plane
of the transporting belt 5. This amgl® may be up to 90. In this 15 zone,
the nelting of the solder takes place and the bubbles produced can | eave
t he sold h S or i cQriy re 1.
Thi s opg‘fea%hz)gr?lgla% %%tgcggfeer%%é}%pdo%lar{bel%%gt |gnt gﬁs ggnﬁgcgggﬁ yi ng
i nfrasourR¥ arfPHHCEH Y asSUKBACRowevdr , thi st hike it itse |‘¥h¢msprb@t@ﬁsur ed

t hat the dimguancypoatdt he 1lsnfé@§j3é|@@e@r twtiﬁéméndétlo%a&'ipssaleéﬁhge the
resonant _fre uenc%ggof t he arts to.be joined or the subasseg?)céé or der

to ensur @WIH Ter £5i ntY* T ha2K55si PLBRfng HrobFemRORERE Sy uf e °§5 I'n
the f&l | owiap -REA | egnzonends) ahe peildt &g cihec wdhediont b2 tise pr 6gght back
into the ti.an a he re w_f ur.nac anple 1:
Sol deri ngé}?‘{nh]%%]e @%%9?%3 Io%ém onéng ié?%Egsu rgséh(rgrblvfrtlcrl ht eargle“%w t
board 2) % tHhe &Tﬁé&e@o%h@uh@r%&rél%me of the soldering furnace. Here,
the printed circuit board 35 2 is p05|t|oned together with the conponents 3
pl aced oglt the sol der paste (sol der bunp in.a frame, which protects
the partstto®he® sBF‘HeF@@Wﬁ’t‘%r’pﬁ?%gt]&%e?OlﬁeﬁeéEGCMWe‘ntlfO ifeV@Pcal |y
ont 010he figwans pdrdt nNghdusd twerefnd hEotgawy eghy ofoi@s . sol dering furnace. In
this position, the printed circuit board 2 is subjected to the customary

sol dering process. As this takes place, the conponents 3 (CSP or
Example 2:

The soldering was performed here with a smaller setting

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 volume 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
size of the voids still ©present in the soldered

connections was visibly smaller.



5 m cro-BGA conponents) are held by the adhesion.on the, for exanple
printed-on, solder paste on the vertical surface of the printq&kﬁtbqgm;
board)Z. In an X-ray exam nation of the sol dered conponent, it 1
found}that there were no | onger any voids. Exanple 2: The sol dering was
performed here with a smaller setting 45 angle. Here, an oblique position
of the printed circuit board, 2 during_the entire reilom/process in the
convection furnace (setti aRgt e eI LRRCA AMBSRA-By the printed circuit
board 2 being supported on one side on the transporting belt 5. In this
case, the nupber, of 4 connections wth voids was reduced to about 25% and
the overall volune of the voids per soldered connection was also visibly
reduced. The2r enef Hitprd voldsuik ebbacrdted at the edge of the sol dered
connection and atenbdeLef ore no longer problematical. 25 Exanple 3: Here,
re-nelting of the subassenbly was perforned after it had already been

sol dered in the %ﬂ%@%ﬁ%??lﬂﬁydhﬁﬁchOEontained voi ds in each sol dered
connection. #er esrdhepostibagseabty was positioned vertically (standing
upright) onto th%_ raquorting belt 5 and once again taken through the
convection furnate %?%f OWPf urnace 10) and nmelted once again under the
sane conditidns.pdde nunber of sol dered 35 connections with voids was
reduced to % er and size of the voids still present in the

sol dered c?%neé%pgﬁggags visibly smaller. 13 DEC 2005 - 11 List of
reference nufrer PECYRREY der '

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



2 printed circuit board 3 conponent 4 transporting direction 5
transporting belt 6 solder bunp 7 pads 8 bubbles 9 buoyancy 10 1 & DESW2005
furnace 11 soldering curve 12 pre-heating zone 13 saddle zone 14 peak
zone 15 device for tilting the subassenbly 16 cooling zone 13 DEC 2005 12
Claims 1. A nethod of providing inproved;gol dered connecti ons between

| arge- 5 area SMD conponents with contact pads on the underside and circuit
boards or wiring carriers, in which the solder required for connection is
al ready provided on at |east one of these parts to be joined, a flux is
used to activate the solder, and the el ectrical and nechani cal connection
is established by a sol dered connectiéﬂaﬂﬂﬁ nmeans of heat exposure and 10
melting of the solder-flux mxture while the parts to be joined are
transported through a soldering furnace by a conveyor belt, with a
subsequent cool i ng phase, wherein the parts to be joined are positioned

one over thd. ot hér mathibd-ofpreeicisl Ingpreast soideesd bynmsthions Batwass 1drhe- part s
to be joined are placed on a hol der which supports both the 15 parts to be

joined ag a tiltiapga SMID @oipoRehRSWIRS Eohtaict PadPbATRe Bhdbitfde SREYAYGE bel t,
at least during the nelting of the solder paste. 2. A nethod according to

CGaiml, charactephaffol Birfndatarfi hgﬂgﬁ_ﬁzmﬂe isﬁldeirrf@cﬁtﬂ?’eeodfop)éoﬁﬂgét}gnnl a

slight force when the parts™are a
already provided on at least one of these parts to be joined, a flux is used

to activate the solder, and the electrical and mechanical connection is
established by a soldered connection by means of heat exposure and

10 melting of the solder-flux mixture while the parts to be joined are
transported through a soldering furnace by a conveyor belt, with a
subsequent cooling phase, wherein the parts to be joined are positioned
one over the other and connected to each other by adhesion; and
the parts to be joined are placed on a holder which supports both the

15 parts to be joined at a tilting angle with respect to the plane of the

conveyor belt, at least during the melting of the solder paste.

2. A method according to Claim 1, characterized in that the adhesion is
improved by applying a slight force when the parts are adhered.
20
3. A method according to Claims 1 and 2, characterized in that the tilting
angle during melting is greater than 0° and lies between 0° and 180°.

4, A method according to Claim 3, characterized in that the tilting angle is
25 about 90°.



20 3.- A method according to Claims 1 and 2, characterized in that 1t31ggc 2005
tilting angle during nelting is greater than O and |ies between 0 an
1800. 4. A nethod according to Claim3, characterized in that the tilting
angle is 25 about 90. 1 3 DEC 2005 13 5. A nmethod according to Clains 3
and 4, characterized in that the tilting,;angle is changed during the
nelting. 6. A nmethod according to Caimb5, characterized in that the

tilting anglee is, s _gcontinuousl anged. 7. A nethod according to Clains 5
and 6, char &ct er fk@&%# ?ﬁ%rgﬂﬁocﬂgﬁﬁg,ﬂﬁdﬁbeﬁm@?ﬂﬁ WgthghHiedtiifiag r eached
after the conpl etdngle RfcHdMgedRirhigtee dRatiRg.i on. 10 8. A nmethod of providing
i nproved sol dered connecti ons between | arge- area SMD conponents with

contact pads on the underside and circuit boards or wiring carriers, in

which th | d ' - n ' . ) i d |
one of hest par tA 143 oG8 MRS, crbradhigefh Rl s Brdlecs or
and the el ectri cgbntimgoustg baamged. connection is established by a sol dered

connection by neans of heat exposure and nelting of the sol der-flux
m xture while the parts to be joined are transported through a sol dering

furnace by & CO”}Aebh%’El'zj&PéécordettB @aiﬁyg%g@%taﬁéaéh%% Hgtﬁ%tethe"mer ein: 20

the parts to be joined are positioned one oOvVér e ot connected to
each ot her by admadivom itendddktilbag eagledsbeaghechefterahe domigietion betheat a
predeterm ned til ti@rg%angl[?ﬁ. of about 900 with respect to the plane of the
conveyor belt, af"TEZ2LPHIAYHg the nelting of the solder paste. 25 9. A
nmet hod ggcording to one of Clains 1 to 8, characterized in that the parts
to be joined are repeatedly transported through a sol dering furnace. 10. A
net hod accoBdi ngAt edind of provising umpreved seldered hannrestions hetween farge- t he

area SMD components with contact pads on the underside and circuit
boards or wiring carriers, in which the solder required for connection is
already provided on at least one of these parts to be joined, a flux is used

15 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 solder-flux mixture while the parts to be joined are
transported through a soldering furnace by a conveyor belt , with a
subsequent cooling phase, wherein:

20 the parts to be joined are positioned one over the other and connected to
each other by adhesion; and
the parts to be joined are both tilted at a predetermined tilting angle of
about 90° with respect to the plane of the conveyor belt, at least during
the melting of the solder paste.

25

S. A method according to one of Claims 1 to 8, characterized in that the

parts to be joined are repeatedly transported through a soldering furnace.

10. A method according to one of the Claims 1 to 9, characterized in that the
30 parts to be joined are subjected to vibrational stress during the melting
operation.



30 parts to be joined are subjected to vibrational stress during EIB.
melting operation. 13 DEC 2005 13a 11. A nethod according to d ai BEC 2005
characterized in that the vibrational stress takes place by ultrasound or
i nfrasound energy outside the resonant frequency of the parts to be
joined. 5 12. A nethod according to one gf Claims 1 to 11, characterized in
that the tilting of the parts to be joi ned is performnmed after reachi ng the
peak zone or after the nelting of the solder paste, 13. A nmethod according

to one of i msAI“ﬂ'S‘OQ?CCQFfHP%EQ Slaipelp.iGharagierized i hahthe vibratiegat i me wi t h
an essentially cg Hl'h%sb nd BF frq%éﬁiﬁd éﬁ%‘f%@@l}[]‘tsfcféeth@e! ting

operation and the oI o g cool I ng p ase. I nprovi ng
pre-existing soIﬁﬁpedntbemaﬂuwdﬁéhbeﬂﬂeéobbdo@ed area SMD conponents w th
contact pads on the underside and circuit 1s boards or wiring carriers, the
met hod i ncluding positioning the parts which are joined by the sol dered

connectipns1Pn aATHEPOHIaceBrding € ¥AY OF CIARIS 1 td e, sHerastetized irf thad thde parts
which are joined at a tilting angle with respect to the plane of the

conveyor belt, afrﬂﬂngyééﬂimgalﬁ&@ beiniagdis perfarmadchaitergeashingrthapeakizone t he
sol der connectl Ogﬁaﬁéreché'?ﬂg’lk ﬁ&%f the solder paste.

13. A method according to one of Claims 1 to 12, characterized in that a
10 conditioning time with an essentially constant temperature is introduced

between the melting operation and the following cooling phase.

14. A method of improving pre-existing soldered connections between large
area SMD components with contact pads on the underside and circuit
15 boards or wiring carriers, the method including positioning the parts
which are joined by the soldered connections on a support on a conveyor
belt, the support tilting the parts which are joined at a tilting angle with
respect to the plane of the conveyor belt, and passing the conveyor belt

through a furnace where the solder connections are remelted.



