12 Cctober, 2006 SOLDER PASTE FLUX SYSTEM BACKGROUN Cg THE | MTICN
Field of the Invention This invention relates to a f&%&%%é%

activation 5 and nmethod of fluxing of integrated circuit (1C) devices.
More -particularly, the invention is directed to including methylsuccinic
acid as an activator and an im dazole conpound as an accel erator for
fluxing during a soldering operation. 10 Background I nformation Sol der
paste is a mxture of a flux conposition and a powdered sol der netal all oy
that is widely used in the electronics industry. At roomtenperature the
sol der paste is conpliant enough so that it can be nade to conformto 15
virtually any shape. At the sanme tine, it _is "tacky" enough that it tends
to adhere to any surface it i 0 FhRtE with. These qualities
make sol der paste useful for both surface nount soldering and for form ng
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process involves cont act of el ectro

conponent or subst Fl%e In¥eRidan e t8fasfd1u€feFY?)%e§‘l °ra?ﬁfwggi°n
sol der - wet t @blaadpackianl atpfluntied of riotegrifest d¢irauit 038 28eVicERi mity. They

are then heat g Wntdle {h@as0) d@he r fiveh@¥Sn ua‘ Qb Pedige B ko Reliudingl
connecti on betwe n. the . sol der.-wett abhl €4 ‘p gdt;&f :1%!1‘39 5lecal cont act of

the. electroft %Hﬂf&l’f@ﬁf’ A 8% b 255 t . fornms both
an el ectrical camnmaldm@hammﬂeﬁﬁﬁé‘ctfpénﬂ&ﬁuﬂgt Hereng ﬁes‘é]t‘:{&&'th%ni c
conponent andcbBeapidmted circuit board. This process has nunerous

advant ages over other nethods of interconnection. First, a |arge nunber of
conponents.can be interconpnected sinultaneously. Second, the process is

hi ghly repedt abl e W%%ost 35 and is easily adapted for mass
Y p
producti on. Solder paste is a mixture of a flux composition and a

powdered solder metal alloy that is widely used in the
electronics industry. At room temperature the solder paste
is compliant enough so that it can be made to conform to

15 virtually any shape. At the same time, it is "tacky" enough
that it tends to adhere to any surface it is placed into
contact with. These qualities make solder paste ugeful for
both surface mount soldering and for forming solder bumps,
on electronic components such as ball grid array packages

20 or on the board to attach BGA's

In general, the surface mount soldering procees

involves placing the electrical contact of an electronic
component or substrate, a small amount of solder paste, and
a solder-wettable pad on a printed circuit board in close

25 proximity. They are then heated until the solder reflows,
forming an electrical connection between the
solder-wettable pad and the electrical contact of the
electronic component. Once the solder has reflowed, it
forms both an electrical and a mechanical connection

30 between the electronic component and the.printed circuit
board. This process has numerous advantages over other
methods of interconnection. First, a large number of
components can be interconnected simultaneously. §Second,
the process is highly repeatable and relatively low cost

35 and is easily adapted for mass production.

sol der bunps, paeRcrbAE ben s such as ball grid array packages 20
or on the boar toFat%tﬁcg E}Eﬁ%ve!!? r(general t he surface nount sol deri ng



12 Cctober, 2006 2 The surface nmount sol dering process typi calli begi ns
by stenciling or screen printing a sol der paste onto c ttable

pads of a printed circuit board. Once the solder paste is on the

sol der-wettabl e pads, the electronic 5 conponents to be soldered are
aligned and set into place on the printed circuit board with the

el ectrical contacts of the electronic conponents in contact with the

sol der paste. The sol der paste holds the el ectronic conmponents in place
during the refl ow process. 10 During t hé refl ow process the sol der paste is

heated 1o a temepgl Wierill GRund)sdlabOify iiecbhilt i cherp Rganbdes  from
all surfaces involved_in the sorderl n g\ﬁératlga e. g stub%}]rate, sol der
pads, sol der Wnﬁge%l%l%rscrﬁ?‘?éiflgf) @ SCaRF BE56i 1S ently nelts the
sol der powder stbdso-weligable pedal efceprintes sisrnit doardui PIFEAYRE The ref

| oved sol der geng@cipastbe;s dndehe RafdgeanitabiubpidAt ehe eletrronde cool ed,
soli di fies o form A OISl So1aEl P LLLCRl o GORMISILY En8OIciREe] g Nt . TO
forma conplet efr@ used ancF strong sol der joi nt, 0.t he sol der . must
adequat el y " wéhe Brigited] gircyisdbegis ¥ith Siss Frarriond FPRFEEP8hds in 1 arge
part on the mhtaélatgbodt gopgohemie Bet emanacsowiieh tinedssbleierPpale- surf ace,

and on the efhgagy £k I:Q@tes@l'o@&é fRSkeeddtbhic MigonegrbSinmpleacef fi ci ent
whenever the gDI ten t[snol deél iws in 25 contact with a clean, oxide-free
&nhe P

surface. Thus®fH¥ ¥ at'uPE AT Vhi ch the sol der powder el t$ and the
duration tHdt sol deripastke iTefhey Pr6658 Thee SPLEPR PGP hibed AT ch the flux
reacti on occuts arterpepatimnthieli ansalbows e¢hsuflwg tgovemakst ckidesaind a

strong sol der el gy HaPEYRIs 130c1ved bR {Hdisotaesidpbpadeaieal el v remove
oxi des fromtﬁe nmet al s bel ng ned gurln the, refl gw.opsration the oxides
retard or proREbFt: t%sﬁﬁﬁq%sééﬁéeer &f ?hesoggieﬁe?u?r?d dso‘?l(?%r hal | i ng" and
i nconpl ete fusilboy goedes) . Brd branfficoentdy Palte ige PeidS PRYIEhe
undesi r abl g ¢t gRdeRY i@f cSalesces into a single liquid body. The
reflowed solder contacts the solder pads and/or substrate,
and, once cooled, solidifies to form a complete,
electrically conductive solder joint.
To form a completely fused and strong solder joint,
20 the solder must adequately "wet" the solder pad and/or
substrate., Wetting depends in large part on the
metallurgical reaction between sclder and soldering
surface, and on the efficacy of the solder paste flux.
Wetting is more efficient whenever the molten sqlder is in
25 contact with a clean, oxide-free surface. Thus, the
temperature at which the solder powder melts and the
duration that solder paste is held above the temperature at
which the flux reaction occurs are important factors for
ensuring good wetting and a strong solder joint. However,
30 if the flux does not adequately remove oxides from the
metals being joined during the reflow operation the oxides
retard or prohibit the coalescence of the golder and
"golder balling" and incomplete fusion occurs. The term
ngolder balling" refers to the undesirable tendency of a
35 solder paste, when heated during reflow, to form small
apheres of solder instead of forming a single solder
fillet. Additionally, the joint will be incompletely
fused, weak and subject to "voiding." Without being held
to a particular theory, it is presently believed that the
40 mechanism behind voiding formation is the entrapment of



35 sol der paste, when heated during reflow, to forms he 5

sol der instead of formng a single solder fillet. Adﬁtg—“éﬂs-&xyﬁ?}e j oi nt
will be inconpletely fused, weak and subject to "voiding." Wthout being

" held to a particular theory, it is presently believed that the 40

mechani sm behi nd voiding formation is the entrapnment of 12 Cctober, 2006 3

excess solder flux or its vapors within the solder alloy. Either the

conposition of the flux or the reflow profile prevent the flux and/or its

vapors from escaping during the reflow tycl e which upon cooling cause

internal void é%béégesofae§okfﬁﬁ dr0 0k - vdﬂ&rﬁu@IEHiEQEhetJEidEE“%lIU%”p05|t' on

provi des severa characteristics necess for such older| oper ati ons.
& R4 S RS F SEREt

For exanpl e, tH&ReE s SORBPRLGHOHK© afe Viscosi ty,
r heol ogy, tackpm@nglmepfﬂgxsaxsy@mdztmerameralfm §§¢%@r“9péﬂﬂh‘?9 tRe| ow

printing and sgoibq @}i_c_a_(ét WREIE upeaNBedIamyScadid @nvatnaledofil. & therior to
and duri ng %ef Il%vvl_ flux nmust al so renpbve oxi des from t he net al
surfaces at The apg prlate t enper at ures and, nust be | e to protect

agai nst oxi dation £BrSHTesLeR.citdst FHGF é’t"F“Bﬂ“ltSi"&uPF?\‘@l d ®8YTEr the refl ow
operation. Additarensétistitheneddsarrantbosuch ssalderine PRsTeEEPRbl y do not

corrode the Sﬂxdgfcangﬁlteal tHé'éHld‘éQ p&bitd RYuRmise! havé ng Tabpr&pﬁnhlél ng
operation. Known so

o) S 0 suitable
for Sn-Pb sol d"e’rs§5’s 'tﬁ #’%Yf'f g@?’?var‘e}})dﬁﬁg ‘_&f}% gﬁ%%rﬁi glg?/\i/:%ondltlons
(e.g., aboullOZﬂlmd@ftm@l?é‘ut31]202{)P€i¥'b¥n9a88ﬁtse§t5‘r§e%b?ﬂsr°tn6°about 90
seconds), are cdmpoedesintainamanbiect ed,t privoc sbeand athixdngpr ol onged
oxi dation durifgipgl| Oune BESE dideSh £PRARbIONS 8ES Bhontieial hotaine resul t

of ref | ow ng e SO aste 1 n_an |d|z n t e i gh peak
t enper at ur e (eg‘ﬁ'face%\t?&végﬁb"ﬁﬁm?%a?ﬁ egﬁﬁrat"%ﬁ% ﬁ?%%{tebweérgalture ranp

(about 1 C sectd prabexit aga@%‘ié@)xidﬁtmfbﬁeﬁda sfifictent duration
15 during and after the reflow operation. Addltlonally, the

flux and/or its residues preferably do not corrode the
golder metal prior to, during or following the soldering

operation.
Known solder paste flux compositions (e.g., those

20 suitable for Sn-Pb solders), although effective under
atandard reflow conditions (e.g., about 200 °C to about
220 °C for about 30 seconds to about 90 seconds), are
inadequate when subjected to accelerated or prolonged
oxidation during reflow. These harsh conditions are

25 usually the result of reflowing the solder paste in an
oxidizing atmosphere with high peak temperature {e.g.,
above about 230 °C), and with a slow temperature ramp
(about 1 °C/sec to about 2 °C/sec), prolonged soak {e.g.,
more than about 60 seconds above about 160 °C). Although

30 these harsh reflow conditions may occur when aoldering with
any solder compesition, they are typically necessary when
reflowing lead-free soldering alloys or solder alloys with
high Pb/Sn ratios (e.g., Pb>37wt¥) both of which exhibit
liquidus temperatures that are significantly higher than

35 that of the ubiquitous SngPb;, alloy ({about 183 °C).
Another situation which requires enhanced flux protection
is the reflow of small solder deposits (e.g., deposits that
are less than about 300 um wide) because the protective
layer of liquid flux is thin and susceptible to penetration

40 by oxygen. As such, a need continues to exist for a solder



nore than about 60 seconds above about 160 C). Although 30 the arsh
refl ow conditions nmay occur when soldering with anyléﬂﬁw&j-@ggi tion,
they are typically necessary when reflow ng | ead-free soldering alloys or
solder alloys with high Pb/Sn ratios (e.g., Pb>37wt% both of which
exhibit liquidus tenperatures that are significantly higher than 35 that
of the ubiquitous Sn63Pb3, alloy (about 183 C). Another situation which
requires enhanced flux protection is the reflow of small sol der deposits
(e.g., deposits that are less than abofit 300 }1m wi de) because the

protective | sxst%%ut I nbl uﬁnr#r%vgg“&1%er§(h%qphbpl@1tty0 (peaet ration 40

by oxygen. suc a need cont|riues a,sol ober, 2006

4 paste flux fh‘é’f”ﬁ’aéct‘Wté’\)/eﬂn%ﬂnﬁée?%‘?fg\ﬁf“%%ﬂc\ﬂ 9 ?xld’atwn uxi ng
activity) andthacrighsedcempeirstaree fos boriagat f#erptdionst he hi gher tenperatures
for longer durations. SUMVARY OF THE | NVENTION 5 Anong the objects of the

I nvention are GW ¥| ol der paste fl ux havi ng an appropriate

Elo 'imr
viscosity, rfreot gy, to susgend th taI sol Qer powder ,
al | ow printiSng and"“@é@u‘i‘*@ @Péﬁ??%rﬂfct’&%n’ﬁ’dﬁ Rt a\ﬁﬁl e FFEUFEETi . e., prior

to and duri ngof&ilsa:w)iertﬂatwfpmo\hwmm aof appreni@tepubeeosityix that renoves
oxi des from ]] 'téétt%ﬁaeéhﬂatp ebexaiRadt edatedblr #sldeecessary for
oy

Pb-free sol der e _provi S t hat protects
agai nst oxi daP?‘tS o) Plb?‘"blp&gtﬁgt\;n%oaln e%%&e gy‘%ﬁ%ﬁ%ﬁ%@%ﬁg‘;ﬁ foerb free

sol deri ng; thehpkownsheed dfi - 5. PEErJe? af"lduféUl q¥) UFBE not corrode
the sol der 1@9epBbvidibh0bE taO,sodﬂér nesoe fhix mmngrmeswmﬂnér%er ation;

and the prOVLﬁtgtttgt B AS" of 1 41%B884 & chpBtatiisdeehbsessmny fosol der

deposits (e.g eposifs t are ess than about e ring a
refl ow oper at PBrEregospfden Ia;'jflt“’ﬁve BVERET °Psaer?t§9|8?t%/«r§ga\tg:tgnhf“§ydl rect ed

to a sol der fthat goopestis |agnln@wml§ﬁ\htfra fﬁ’éser@(ﬂ’fﬁs efelaering | yent
conponent, angageidieaki Adh<ERERPNERY PBORPEd Bolgering; the provision of
15 a solder flux paste that does not corrode the solder metal
prior to, during or following the soldering operation; and
the provision of a solder flux paste that protects small
solder deposits {(e.g., deposits that are lesa than about
300 um wide) during a reflow operation.
20 Briefly, therefore, the present invention is directed
to a solder flux composition comprising a base component, a
solvent component, an activating component comprising
methylsuccinic acid, and an accelerating component
comprising an imidazole compound selected from the group
25 coneisting of 2-methyl-4-ethylimidazole, 2-methylimidazole
and 2-ethylimidazole and mixtures thereof.
The present invention is also directed to a solder

flux composition comprising, in weight percent, a
hydrogenated resin from about 13.0 to about 23.0%, a

30 hydrogenated gum wood rosin from about 13.0 to about 23.0%,
a glycol ether from about 14.0 to about 30.0%, a hydroxyl
terminated polybutadiene from about 6.0 to about 12.0%, a
petroleum distillate from about 3.0 to about 15.0%,
methylsuccinic acid from about 4.0 to about 17.0%,

35 2-ethylimidazole from about 3.0 to about 10.5%, optionally,
a thixatrope up to about 13%, optionally, phosphine
derivative up to about 2.0% and opticnally, triazole

derivative up to about 2.5%.



met hyl succi nic acid, and an accel erati ng conponent I m dazol e
conpound sel ected fromthe group 25 congi st irrﬁg of ;&n&%e 2%%6
2-met hyl - 4- et hyl i mi dazol e, 2-nethylim dazole and 2-ethylim dazol e and

m xtures thereof. The present invention is also directed to a solder flux
conposition conprising, in weight percent, a hydrogenated resin from about
13.0 to about 23.0% a 30 hydrogenated gum wood rosin fromabout 13.0 to
about 23.0% a glycol ether fromabout 14.0 to about 30.0% a hydroxyl

t erm nat ed pol ybut adi ene from about 6.0%to about 12.046, a petrol eum

distillate froma t. f bout
4I 0 Ito about 17. 03/"%lé Bl%“a]{lcﬁ)yl eé’é’%g ir“g%}‘g%&ﬂ%chﬂfco&gl g°t£ (i)(r)n g%ou

optional |y, EOHﬁrXQFF%é:‘{TBrHF%SUF‘e'i@B sobfer cﬁ?éffiﬁ d’pﬁ’i’(%ﬁﬁ ne'
derivative upatsolhleeutl®x Gumposk woni. onEid wolder £AOe COTRASIGAPT v e up to

about 2. 58. 180&&-{ gla.e,r b%&@ficoépa‘ﬂi%tI@rwlwnttmpaheﬁentam nvention is

directed to_a te conprisin

| spersed in

a sol der fl éxa‘é'b’r?ﬁ‘ﬁéf‘gl‘?)‘ﬁ“p‘}?ﬁ%t sc(ﬂmgﬁrgﬂ% meE%gs&ch%% rxlqlses a base

conponent, a emaﬂ@rﬁtemmenfaﬂogp’abﬁmﬂaﬁﬂnﬁ“’@@ﬁﬁbﬁe?ﬂ"@ggﬁﬁr| sing

met hyl succi ni gebsdt@dd a8Fom aheeytsyt cbfstomimgnefit conpri sing an i m dazol e

conmpound sel gcr{\eetqlgfl(rjgn%g ﬁg %1Q0n§1"§_ltl ggi,gidaz%-lgeaﬁul -4-ethyl i mdazol e,
0 n

2-net hyl i m daz zol e an xt t [y,
t he 10ysol der 27$UW dBHBRRT ’ﬁé c"b‘r‘?%?"f"%% ther ?ﬁ%ol olbr&:E§ 1&;&& one(r)lf |223 ay

corrosi on ilahsdlderr fémm@neltm FREPTiaste apFlRAMIiray 8R®?s directed
to a processzh@®ra chg,_-gbgmbnt Weh B9 tder abhgorenef aces. The process conpri ses

appl ying to at le g@@ Qe ease%d@a@é}ltqo&étalfz@eegdacdiaposut of a
sol der paste, the 5F

corrprl S| nq a nef al sol,g_?r and a
sol der flux BERRRES {f%rﬂmtnhégs"dméP L3RR LEL AP TFon m?%. S| ng a base
conponent, a &eohpdrkscapgigriegtto @t dedstvmengt C@wpgﬁéﬂ@rab

15 surfaces a deposit of a solder paste, the sclder paste
comprising a metal solder powder and a golder flux
composition, the solder flux composition comprising a base
component, a solvent component, an activating component
comprising methylsuccinic acid, and an accelerating

20 component comprising an imidazole compound selected from
the group consisting of 2-methyl-4-ethylimidazole,
2-methylimidazole and 2-ethylimidazole and mixtures
thereof. Heat is applied to at least one solderable
surface to reflow the solder paste thereby wetting both

25 solderable surfaces with molten solder and the molten
solder is cooled to solidify the solder thereby joining the
two solderable surfaces.

The present invention is also directed to an
electronic component assembly comprising an electronic

30 component having a plurality solder-wettable pads, a
substrate having electrical contacts corresponding to the
gsolder-wettable pads of the electronic component, and a
golder paste between the solder-wettable pads and the
electrical contacts. The solder paste comprises a metal

35 solder powder and a solder flux composition which comprises
a base component, a solvent component, an activating

component comprising methylsuccinic acid, and an
accelerating component comprising an imidazole compound
selected from the group consisting of

40 2-methyl-4-ethylimidazole, 2-methylimidazole and



conprising methyl succinic acid, and an accel erating 20 conponent conpr|5|ng
an i m dazol e conpound selected from the group consi 2006

2-met hyl - 4-ethyli mi dazole, 2-nmethylim dazole and 2-ethylim dazol e and

m xtures thereof. Heat is applied to at | east one solderable surface to
refl ow the sol der paste thereby wetting both 25 sol derable surfaces with
nol ten sol der and the nolten solder is cooled to solidify the sol der
thereby joining the two sol derable surfaces. The present invention is also
directed to an electronic conponent assenbly conprising an electronic 30

conponent having a plurality solder-wettable ds strafe havi ng
el ectrical corﬁ‘&?ﬁ’ygb‘ﬁ?qaéé’ﬂaﬁrﬂﬂ%ﬁui%uf%th%?cgé %?taaog‘lla d’xof t he

el ectronic corﬁmtpenﬁ.l;lm@paxormﬂl@ecomseSbetmmﬁ%#@ﬂsGPBE@H‘W& t abl e pads
and the electfjfal c6PR8AGhSinnliELSL! spoRast € conprises a netal 35 sol der

powder and a solde qux (o40) os i t onent, a
sol vent conponent, T87% A& ARG ¢ %nvﬂ %Qf'f?wrj}?‘gl?ndﬁegilé& ‘gﬁ?& ni ¢ acid,

and an acce$ ell%tthpﬁgoftcm}?@ﬂémg @oﬁﬁ%‘ﬁ%’i rﬁd‘-‘én"‘?“fﬂc’&é'ib‘l”é CORPOITY sel ected
fromthe gr oupmﬁaﬁhgl St ideg 10kt #Y 2onpdrvrt- doepiiding wettuileuccinic

2-met hyl i m dazefq % 8 1% Q6Loh8ar 290 mpbnenetdimpirtbtazol e and i xtures
thereof. The so %r ’c‘fé’l ﬁorrpom tion optionally conprises a rheol ogi cal
conponent,  arfd SFELFPEZ6A® 1 nhi bit or conponent . The._ pr esent yention is
still further direBhedaregaing anet AbkeToEeBERERS i2RE %d'?dﬁténgf‘?{]

conposi ti Onl@cﬁ’ﬂérsleﬁt NthvefitXbM Gridn Béddmeinong apparenenfrayokpei sing

nmet hyl succi ni c cid ] Geel erating conponent conprising

2-ethylim dazo 1 o c#egc t‘i’alng and other features and advantages of the
10 present i nvention will become nore apparent fromthe follow ng
description. DMEDAILE € ' ‘

The present invention is directed to a solder flux
that comprises methylsuccinic acid (also referred to

15 pyrotartaric acid). The IUPAC nomenclature for
methylsuccinic acid is 2-methyl-1,4-butanedioic acid. The
chemical formula for methylsuccinic acid is
HO,CCH (CH,) CH,CO,H. Surprisingly, the inclusion of
methylsuccinic acid in a solder flux provides several

20 benefits such as increased fluxing activity, increased
oxidation protection, and improved degradation resistance

with increasing temperature and duration.

The methylsuccinic acid may be included in the flux of

25 any applicable type of solder operation. It is, however,
particularly useful as part of the flux composition mixed
with a powdered solder alloy to create a solder paste,
Hence, the following discussion is directed to the
inclusion of methylsuccinic acid in solder paste

30 applications. The viscous flux composition of the present
invention comprises a base component, & solvent component,
and an activator component. Optionally, the flux
composition may comprise an accelerator component, a
rheological component, and/or a corrosion inhibitor

35 component.



The present invention is directed to a solder flux ¢that conprl 8

met hyl succinic acid (also referred to 15 pyrotartarlégﬁgﬁﬂ}—wiﬁé—EUPAC
nonencl ature for nethylsuccinic acid is 2-nmethyl-1, 4-butanedioic acid. The
chemi cal formula for methylsuccinic acid is HO2CCH( CH3) CH2CO2H.
Surprisingly, the inclusion of nethylsuccinic acid in a solder flux

provi des several 20 benefits such as increased fluxing activity, increased
oxi dation protection, and inproved degradation resistance wth increasing
tenperature and duration. The nethyl suc@ nic acid nmay be included in the

flux of 25 any applicable type of solder operation. It is, however,
particularly usefl.ﬁ%ﬂﬁec%wﬁég the flux conposition mxed wth a powdered
sol der alloy to crinet ectldesiindeflypwst ef theepsesenthdnventini A§edi scussion is
directed to th iéélexU§iéHh1inem51)éhSu£pidaﬂﬁbB£idi;pbnlﬁohd&h past e 30
appl i cations. , Jhe i, Sﬁéﬁﬁ Lué éﬁQQRBPiéééye g Eﬁg%mBE%§§¥Hg rkB¥ENti on

conpri ses a base co conponent ﬁ{:vat or

conponent . EpPFefipmabyy. tihe PPﬁ‘?( CORBRRERS (PBRETREF AoRBFTWP ARt cel er at or
conponent, a redmanlsnghcasé rostmon et £ bertl roeins c grosdsroedifii_fbi t or 35

corrpontent 12_t»:£&tr%b§ﬁd %Qﬁ@etic B&%lﬁnﬁbW}[@d&ﬁﬁiaﬂh&oaﬂhd,ermdagfiéwxes of \me )
Phe: base conBOfiaih Fd FARcPritiiss: Teve ¢ %?un%é‘et%hnéﬂﬁé‘s. qugpe fn whie
Pref erably, tmﬂlb'aséaébrﬁidnéﬁ?lfbo#éﬁpwrélﬁﬁ%‘?%ﬁ% Bic resin such as
rosins, nodiofheikdgentbsd Hoashn-palgimbiized resims hyddogematiedt resimesi ns.
Fosim gum T 1 o O e e R 10 hydr ogenat ed
rosin, gol y meRt oRtieTy ogli”r%a%BP’gage 5‘? %E‘P?‘n rgg Eefr)lcgt%aié%m Wood rosi n
and Pol y BD RiEHTd® raehaxylEbéntadniodarneipRi Mehﬂaghpalmﬁa&)er Exenpl ary
synthetic residina, acrylic resins and styrenemaleic resins, epoxy
15 resins, resol or novolac phenolic resins and KE 604
{(Arakawa Chemicals, Japan) and Foral AX (Hercules Inc.,
Wilmington, DB). The base component may comprise one or
more of the foregoing thermoplastic resins. Preferably the
base component comprises about 5 to about 95 wt% of the
20 flux and more preferably from about 20 to about 50 wt#%.
The base component prevents solder oxidation at elevated
temperatures, provides a protective barrier against oxygen
and also activates soldering surfaces by removing oxygen
from the surfaces and the solder.

25 Solvent Component
The flux of the present invention comprises a solvent

component. The purpose of the solvent is to dissolve the
base component and other flux components, disperse non-
gsoluble flux components, and coat the solder metal alloy
30 powder. If the solvent is volatile, it will also promote
fast setting after the flux is applied to the substrate.
During the reflow operation the solvent evaporates leaving
behind the other reacted and/or unreacted flux components.
Exemplary solvents include ketones such as acetone and
35 methyl ethyl ketone; alcohols such as methanol, ethancl,
isopropyl alcchol, methylcellosolve, ethylcellosolve, 1-
methoxy-2-propanol, carbitol and butylcarbitol; esters of
such alcohols; aromatic solvents such as toluene and
xylene; glycol ethers such as tripropylene glycol n-butyl



I ncl ude car boxyl -contai ning resins such as pol yester r85'| HS’ gﬁéél I C
resins and styrenenal eic resins, epoxy 15 resins, re 0 phenolic
resins and KE 604 (Arakawa Chem cals, Japan) and Foral AX (Hercules Inc.,
W I mngton, DE). The base conponent may conprise one or nore of the
foregoing thernoplastic resins. Preferably the base conponent conprises
about 5 to about 95 wt% of the 20 flux and nore preferably fromabout 20 to
about 50 Wt % The base conponent prevents sol der oxidation at el evated
tenperatures, provides a protective barfier against oxygen and al so

activates solderin urfaces.b e | r t aness and the
sol der. 25 SOF\QI%% %e(?rrggﬁé?ﬁ%h*%%ﬁ? {53.%&%? étlh%gg?%s%r?%g} %gdt%:ég{r)] conprises a
sol vent conp8R@htas PRBE Rilpase EATRiREOLHREERPIFEN Aishi L P8 " he  base

conmponent andhpdhetylf kexmierednssitydbutadbper.seTherforsgbitd @olvat&onponent s,
and coat the 3ol dss Jaghal ndldeQiedQ yPOMORI combihdtticsnl vent is volatile, it
wll also pronote f%st set t+ng %I)ter thn?JnleHé ig %QBLL%LJ\;@ khe, substrate.
During the refl ow BFEEFERPHH SRS A PENTORIRSOr oY 2% T 8avi ng . behi nd t he

ot her react edabmell G5 wht calcttbd 1w 288 mireprefersdpfeey B8R et s i ncl ude
ket ones such gs assitone wa¥l 35 tmi kyphceitrpkibetoheheadchbieots such as

nethanol et hagglonereS QBT AN aBLGORR! we i ehe el B Gbitgos 1B, OsHd 050 ve,

1- et hoxy- 2- propanol, "car |t8 an but%%ﬁarbltoll_ h egt%spr%(,en uch

al cohol s; ar ofhEFREIEH| GEnte Shek 18 YBicRMY SRd™ 90 PBne" 1_gl col ethers such

as tripropyoepeintijngoknd-trgaplivaly Gopadies theopeatapidiherchfiet et r aet hyl ene

gl ycol di nmet hyb) &dhefascand dreERe RherShigdi, as £ptie conkentuchtionpohieol ;

petrol eum di sual | at.e agdc 'Jg:\ég[age(y <e8h51 fafuedrpalosbut adé e t&ead or egoi ng
epen

sol vents can B2 G nd&Fenaent 1y or - in conbi nation. D, Breferably the
sol vent conpokerie defFiges ianbe astige HHAGHLOB5 Suy of P HE5F| ux and nore
preferably freswsdrat 20d the aboitati@gwtemponent hevhdehceart TeeRdh ¥ t he

sol vent 15 insufficient fluxing and incomplete fusion of the solder

alloy during reflow.

Activatin mponent

The flux of the present invention comprises an

activating component which comprises methylsuccinic acid.

20 Preferably the activating component consists esasentially of
methylsuccinic acid. Preferably the activating component
comprises about 1 to about 30 wt¥ of the flux and more
preferably from about 2 to about 20 wté. Methylsuccinic
acid is available from numerous suppliers including SGA

25 Specialties Group, LLC Annandale, NJ, and 65-Star Group,
Lewingston, PA.

Although considered to be unnecessary, the activating
component may comprise additional compounds which typically
include amine hydrohalide salts, and amine organic acid

30 salts, phosphonic acids, phosphate esters, amino acids,
alkanolamines, organic acids and combinations thereof.
present, the additional compounds preferably comprise an
organic acid and more preferably comprise a carboxylic acid
(e.g., mono-, di- and polycarboxylic acids) which wmay

35 contain hydroxyl groups and/or double bonds. Examples of a
monocarboxylic acid includes aliphatic monocarboxylic acids
such as caproic acid, enanthic acid, capric acid,
pelargonic acid, lauric acid, palmitic acid and stearic

.acid. Monocarboxylic acids also include aromatic

If




conmponent is |ess about 20 wt% of the flux conpositi Otheb Vi ity of
the flux is typically so high as to prevent 10 print&%—éﬁ%——?’?@@ﬁ%’s\/ely

i npacts the coatability of the solder paste. On the other hand, if the
concentration of the solvent conponent exceeds about 70 wt % the flux
tends to be deficient in the active fraction (e.g., the base conponent
and the activating conponent) which can result in 15 insufficient fluxing
and inconplete fusion of the solder alloy during reflow Activating
Conmponent The flux of the present invention conprises an activating

conponent which conprises methyl sugci n c acid 0 Pr. I he
activating coMSBREAPLEILFTEidss BaTH i2aPFY2Dt° acﬁ‘??]y Bsal}g]é %?c(t:) %J’B

Preferably thendete\atidagsebinsyhintacidonpirampdeghdfitc 8 1?%1'%‘331“:30 Wt % of
the flux and n@sa if¥RiREAR HpHREO dlkauboRylie abbdd s2@hwedooXsERy| succinic

acid is avail abﬁgaf ram gngégiuS E JileTeTH eggld nglugapg: Qe 25maRaei al ties

Goup, LLC Anif St P ugh
consi dered to %duﬂfbdés‘@a‘i“f ache %Rf’c |a€8‘f‘ gtw aéd@élﬁ%??se

addi tional corgaophtisalifei ahld.yplsoahttt;allpnenﬁi@ném ne hydrohalide salts, and
am ne organic I@ghgaf&eﬁaﬁo@i@gp&a@ C Brafespbpsphatieassiaylse am no
acids, alkanolaq necz]mi?r gamag:'ba %& leﬁorg%ﬂ’i‘ﬁic?&%ihh%@@‘nrhé present,

the additional®<d era nprise a a0 gnd rore
preferably comsidse %PR?&FMB@IG‘F&“%C&F& C(’ES ereﬁoﬁf)c t&?’ e%ﬁfa‘ﬁoﬁycar boxyl i ¢
aci ds) whi cip rengy35re ailaily ivrdeoxglatgrveups reddAercensabRéngonds. Exanpl es
of a nonocar g%xj‘,%ﬁogl gug}Q(:AéJgﬁ&@IHYQQaﬁéﬁdmn@@ag hoxyline acids such as

caproi c acid, enan ric.a r d,
b it c et d BRFock Lerides snd Amn HRerPhrs e ﬂ@.ﬁa%'s%‘”?"*n‘%}*ﬁ'hé ot ¢

12 Cctober, 20@&d onnbroeietknopire Htﬁu@§r1§ucﬂ"°&'eﬁ‘é?ﬁ'0| ©ei8gi d, salicylic
acid, anisicRgijde-Hrd,apxéy @oaabtl. 1dadanpl gee above diesarbosd/| i c

15 corrosion of the solder metal which takes place when
halides are present. If included, dicarboxylic acid
compounds are preferable because they provide an acceptable
combination of soldering performance, minimal residual
ionic contamination, and high surface insulation

20 resistance.

The selection of the base component and the activating
component materials is based, in part, on the melting
temperature of the solder alloy being used. The reaction
starting temperature of the base component with the

25 activating component is preferably lower than the melting
point of the solder alloy. For example, the reflow
temperature of SngPb;, solder alloy is about 183 °C so an
activating component which has a melting of about 130 to
about 180 °C may be considered. An activating component

30 with a lower melting temperature would react with the
thermoplastic resin too early during the reflow operation,
while an activating component with a higher melting point
would not allow the solder to adequately wet regsulting in

an incompletely fused solder joint.

35 celerati C onent

The flux of the present invention comprises an
accelerating component to accelerate the reaction betweern
the methylsuccinic acid (and any other activating
components) and the base component. Stated another way,



acid includes aliphatic dicarboxylic acids such as oxalic ECidE Eglonic
acid, succinic acid, glutaric acid, maleic 5 acid andds and
aromati c di carboxylic acids such as phthalic acid, isophthalic acid and
napt hal enedi carboxylic acid. Exanples of a tricarboxylic acid include
tricarballylic acid, aconitic acid and citric acid. Carboxylic acids are
consi dered accept abl e because 10 they are weakly ionic relative to

hal i de-containing activators, such as am ne hydrohalides (e.g., am ne
hydr ochl ori des and am ne hydrobrom des WhAi ch are conmonly wused in the

el ectronics industry._ Mreover, bei ng hal i de-frhee t he tglgenac.) |l ead to the
above- descri bethel 3CEBIeTLiige SARORENE sisfEraRe? AP WAPTBPPARES T ace when
hal i des are prwsient thé f £l hgdgimidat ardsekybne hegiid (tohpotih®ls are

pr e; erabl e beCfofe%a{:bﬂn meew{e@l&_tal@_ a@@%&ahéecon@mhﬂaﬂd)phﬁfbm} dering
performance, mnimal _residual_ _ignic & 0 gh surface

i nsul ation 20 FERCEERhLe. dr%éﬁe‘-‘“:sce &t F%rﬁ]ggﬂ%ﬁ?’ﬁa 5?%%%ﬂgke t and the
activating Eorqmerdaes mn dmidazolies cOERAWA PR RFVatyYe {Lﬁ‘éﬂ“ﬁgﬁ ic#g
tenperat ure ofyiik®d $akliele alheyhhlek rgchiddoidTird e eaenethylinidazqley
tenperature Ofa&J‘%-QéﬁﬂlﬁrHﬁHQQf‘é‘.t Whid gra€e2ibRLithdadddid egatpanent is

preferably | ower than e neltin oi .nt . ol d Rey. exanpl e,
the refl ow te?ﬁS@f"ﬁFﬁr"esﬂﬁntéﬁi;j?P%&Bé%% elgﬁlé#%f%i's abo tzja% ' C%q‘leo an
activating conpredrrawing lfompeRentnEPTRTiFesf abPHuL - 2 38° (BP°UApbUYE80 C nay
be consi der gd. oA ARHACEL ¥R EnAgmEeNpaREatallY Hrom abobwertarabpihiglk enper at ur e
would react with the, §henioplashinds’ SXH abOne A -bynfiLiniagzbhe aef | ow

oper ati on, whi e an . actvat Lnd _conponent with ahigher meliingpoint

woul d not al | ceprmeEcsa} e vadl gg?‘&l%/v\%f‘e?%sf’ul fYRg T n ™ an 1 nconpl etely
fused sol der jErg®.. 35 Accel erating Conponent The flux of the present

i nvention conpri segsaflonAq¢6! Edldckglefmiageasmioneac cedercatprise reaction

between t hei\s nc?t;[hhrl gg%éxﬂa'd% g‘&tl: a(saggm@r@ﬁmoggﬁfs agh M@i‘l‘ii@g'y amine.

Exemplary ammonium salts include triethylbenzylammonium
chloride, trimethylbenzylammonium chloride and
tetramethylammonium choride. Exemplary tertiary amines
include benzyldimethylamine, tributylamine and tris-

20 {dimethylamino)methylphenol.

The relative amounts of the methylsuccinic acid and

the 2-ethylimidazole are preferable gelected to produce a
flux composition which has excess acidity. Preferably, the
weight ratio of methylsuccinie acid to 2-ethylimidazole is

25 from about 6.7 to about 9.3 and more preferably from about

8 to about 11.

Rheological nern
To improve the printability of the solder paste the
flux preferably comprises a rheological component.

30 Typically, the rheology of the golder paste is such that it
is gel-like or semi-solid when static, however, when a
shear force is applied it flows like a ligquid. This allows
for the paste to flow through a stencil when a force is
applied using a squeegee and to maintain the pattern of the

35 gtencil after the stencil is removed from the surface of
the substrate. These characteristics are preferably
attained by using a thixotropic agent at the rheological
component. Exemplary thixotropic agents include
hydrogenated castor oil, castor oil-based thixatropes such



conponents) and the base conponent. Stated anot her wai; 12 %t ober. 2006
10 the accel erating conponent decreases the tenperatu tohgr; 20960

fluxing chem cal reactions begin (i.e., the interaction between the
activating conponent and the base conponent). The accel erati ng conponent
preferably 5 conprises an i m dazol e conpound or derivative exanpl es of
whi ch include 2-nethyl-4-ethylimdazole, 2-nethylimdazole and
2-ethylimdazole. Mire preferably the accelerating consists essentially of
2-ethylim dazole. Prefer abI y, the accelldrati ng conponent conpri ses about
0.5 to about 15 wt % e flux.angd nore er abl I bout 3 to
about 11 wt % 2% %F %nﬁ?ﬁﬁ lg, ’f‘f’"hge Ifi‘et F‘W F{FE%@%I e are
commerci al |y asailable #mnﬁadv@rqneEle@ﬁolgew@e% prévamides amASF.

optional ly, thglaeealeamad lwagesomeemedmglamdn@eneﬂﬁ elyhesmmameounds
such as amnl&fgb%gl Jn?réa‘%‘} LRLt £, %Bd%t er B ?ré/h@rrrmm um salts

i nclude trieth enzyl ammoni_um  chfor trinmeth

benrzgﬁ% I um chl ori de
and tet ranth‘iH“&ﬁﬁBﬁ?‘Urﬂ”cﬁSrF'&Fe theglegicat, ComRqneRt 18 gAY | ude
benzyl di met hyl latiween abausuOyb are récandld wit§ @0 thei AbwhArghivged net hyl phenol .

The rel ative agmifRb-spDf frbm AB&IY hsueGdHoue 8rivwtsand thd&laxet hyl i m dazol e
are preferable selected to produce a flux conposition which has excess

acidity. Preferably, the vvel ght rati o of nethylsuccinic acid to
2-ethyli m dazol e | SQRERFLHLE] O WOIRRNgReut 9.3 and nore preferably from
about 8 toiabout fthe ﬂahm)bﬁgtmsallneemmmemayﬁolaorrpmmn leerpodinmabi | ity of

the sol der pas}.rﬁuw A@soﬂé,@é VoA BLYu &OBRT hEBRenR E@@fﬂﬁ%caf gHanponent . 30
Typically, the rg stol de %%te | ) ek sulbg gel i ke or
seni -sol i d wherft Pﬁ‘??"ﬁ&ﬁe@%’r“ # Shay "Fo?ge 1% app??de?fl it flows
like a |iquid.hepsi smhlrm/\esw@#atteﬁeww‘sttéet wriyiggteRtBu@Toae®tenci | when a
force is Exemplary corrosion inhibitors include phosphine
15 derivatives such as triphenylphospine and triazole
derivatives such as hydroxybenzotriazole. The corrosion
inhibitor compeonent may comprise one or more of the
foregoing materials and preferably comprises about 0.1 to
about 5 wt% of the flux and more preferably from about 0.5
20 to about 3 wt¥% of the flux.
One embodiment of a solder flux in accordance with the
present invention is set forth in the table below.

Component Type Weight Percent
hydrogenated resin base 13.0 - 23.0
component
25 hydrogenated gum wood base 13.0 - 23.0
rosin component
glycol ether solvent 14.0 - 30.0
hydroxyl terminated solvent 6.0 - 12.0
polybutadiene
30 petroleum distillate solvent 3.0 - 15.0
methylsuccinic acid activator 4.0 - 17.0
2-ethylimidazole accelerator 3.0 - 10.5
thixotrope rheclogical 0.0 - 13.0
agent
phosphine derivative corrogion 0.0-2.0
inhibitor




applied using a squeegee and to maintain the pattern of the_ 35 stencil
after the stencil is renoved fromthe surface of the < ese
characteristics are preferably attained by using a thixotropic agent at

t he rheol ogical conponent. Exenplary thixotropic agents include

hydr ogenated castor oil, castor oil-based thixatropes such 12 Cctober, 2006
11 as THI XATROL ST avail able from Reox, Inc. and RHEOCIN available from
Sud- Cheni e Rheol ogi cal s, pol yam des and pol yet hyl ene waxes. The

rheol ogi cal conponent may conprise oneibr nore of the foregoing materials
and the 5 concentration of the rheological conponent is preferably between
about 0.5 to qbouty ;3 Wi odrilheidd ux find caBfr&sidar ef prablycfz.am abput 1 to
about 11 wt % ¢f the flux. Corrosion Inhi biihﬂf.bl onent 10 The flukx of the
i nvention may FAG-B -0 5+643 AR-b-er—eorpbrent—to—Teduce or
prevent corrosion of the ref |owed solder joint during use and/or during
subsequent heat cyglid H3eds lcat ed with the manufacturing process.

Exenpl ary corrosio |E| gltors I.DC ' 1 hiMathaepesuch as

tri phenyl phospi ne 'g%l Hxa%%ri'peoslgé%l?\(}gt ng:;p};gl% € %ﬁ?ﬁ?gﬁ dlgéeéﬁé hgi azol e.
The corr osi on PreRRTed thyr 2B ARATERT 13kE) MEbRPT | séFYBi‘éa ng{;% or ? e

f oregoi ng neg e¥ompbieird (Ar ef cralel golwemy:, | base alkebivd:ingyo about 5 wt % of
the 1ux and mRe: Br&iciADkYed cdTeab Wt Bobrosdon! gniafilubr3 i % of the fl ux.
One enbodi ment. of - a sol.der Flux Jgn a orrdgm&ie\gitg@\eggg sREEBEHLel NVenti on
is set forth iST™PRB=TLH A7 BB %e%gnen? ype_Werght ~Percent

hydr ogenat ed respersase 18.9. - bepgween @apbntht°C 58 ?ﬂ%ﬁﬂ’:oég?}atcg&n&um wood
base 13.0 - 23%Rfeoshly BeEPEdtabout| ok Cettrirl39oFermndi4fop @ 30.0

hydr oxyl te:[cmsq&tfggigﬂ Vbt ford (2.42 Qbout 60 to about 180 minutes)

until a uniform and homogeneous solution is obtained.

Although not required, it is preferred that the
activating component and/or the accelerating component are
added to the flux composition in a manner which limits

15 and/or eliminates chemical reactions between sald
components and/or the other components (especially the base
componentg) . For example, without being held to a
particular theory, it is presently believed that the
methylsuccinic acid and the 2-ethylimidazole react to form

20 2-ethylimidazole methylsuccinate which is believed to
greatly enhance the flux activity. It is has been observed
that the flux activity during reflow is maximized by
minimizing this reaction prior to a reflow operation (e.g.,
during the flux preparation and during storage). Thus, at

25 least one of the components are preferably added to the
flux near the end of the flux preparation process. More
preferably, both the methylsuccinic acid and the 2-
ethylimidazole are added near the end of the preparation
process. Specifically, as the flux preparation is being

30 cooled to the ambient temperature, the methylsuccinic acid
and the 2-ethylimidazole are preferably added after the
temperature falls below about 40 °C. In addition to
jncreasing the flux activity, it has been observed that
minimizing the reaction prior to reflow also benefits the

315 stability and shelf life of the paste.



pol ybut adi ene 30 petrol eumdistillate solvent 3.0 - 15 met hyl succinic
acid activator 4.0 - 17.0 2-ethylim dazol e accel eratl&‘—s—‘ﬂb—:éggg

t hi xotrope rheological 0.0 - 13.0 agent phosphine derivative corrosion
0.0-2.0 inhibitor 12 October. 2006 12 triazole derivative corrosion
0.0-2.5 inhibitor Flux Preparation The flux conposition of the present
I nvention may be prepared by any appropriate nmethod. Typically, the
various 5 conponents (i.e., the solvent, base, activating, accelerating,
rheol ogi cal and corrosion inhibitor casponents) are nm xed together and
heated to a sufficient tenperature (e.g., between about 80 C to about 150
C and preferabl y Seddelddl®out 100 C and 130 C) and for a 10 sufficient
duration (e.g., almhetfhix tcd oherek80t ninventiyn mayt be wsashiwibh Awhd

hﬁm)geﬂeous SQiéEezqeai Scdtladi né'&héi/er%iiwghcﬂoés rcefvEReLbnalt 1ésdaar ef er ' gdd
that the activy onent _and/ 0 a CO nt are adde
to the flux cB =t i 82‘}) B Hiner \Aﬁf’gﬁ “ﬁ%’ﬁ\ ﬁz&k nd/gér)qgal M nat es
cheni cal reécP#tﬁwu@étméw@chFo E3hp oy %Hd?Yc?r tPAk ither conponents
(especi al |y t bendtaneiaInAFeaenss)Lealiowhiaape esommiohp ute fzairad tel d to a

articul ar th [ S [ t gaykBaeci ni ¢ aci d
gnd the 2-et hyi? E‘Le o148 §ﬁ<l}¥a RRY | l‘%ﬁﬁgaiﬁﬁ cdnB8in NRIFAY

azol e rea md succi nat e
whi ch is bel |%%H: § %%har\)geg’]f BPF‘%?? aa(;'tlovaal'ze%qefgeﬁwejas been
observed thabighes ﬂmxlcb,@t temva@ureﬁgawprowﬁ@wﬁs&ﬁﬁ 288 BRA1 i ni ni zi ng

thi's reactijgn)édd-Qont#irminebbdierORELSFs ON Eécemglary dhbr frep wBhedéd ux

preparation a duri.n "ﬁi orggegn ThyS, gasft sl 18gQkbl he conmponents
are preferabl¥ °c¥3ea“&91 e TeetTaos Stsd.a %€ 05805 ®
Snss sADs s, SDgs.sAG; sCUy 7, SNgg sAGICUp.s, Sfles sAG4CUy 54

SnNgy.eADy ,CU; 1, SNyBilgg, SNgBig (Cugs, SNes.aCU4 7, 8n,,Cu,,
8n5,C,, SNy 1IN0 sAG;SDy e SNy o TNu0AGz ., SNy 61N 02107 6 Sng,5b,
15 and Sn,.Sb.. The foregoing preferred methylsuccinic acid-
containing flux composition is particularly suited for
printing and fluxing Sngg «Ag,Cug.s and Snge.sAg;Cu,.s alloys.
when preparing a solder paste, the solder alloy is in
powder form. Preferably the alloy powder particles have a
20 size between about 100 and about 400 mesh according to
Tyler Standard Screen Scale (i.e., the particles will pass
through a screen having openings of about 150 um and not
pass through a screen having openings of about 38 um}. The
solder powder may be prepared by any appropriate technigue
25 including inert gas atomization and centrifugal spraying.

Solder Paste
The solder paste is preferably prepared by mixing the

cooled flux composition and the metal alloy powder in a
conventional manner. The method of mixing is not critical

30 but should insure that a homogeneous dispersion of metal
and flux is obtained. For example, blenders and rotating
blade mixers can be used. The proportions of the solder
powder and the flux are selected so as to provide an
admixture having a consistency suitable for printing.

35 Generally, the weight ratio of the solder powder to the
flux ranges from about 80:20 to about 55:5 and preferably
from about 85:15 to about 950:10.



flux near the end of the flux preparation process. Nb& refer 8 , both
the methyl succinic acid and the 2- ethylim dazole are e end of
the preparation process. Specifically, as the flux preparation is being 30
cooled to the anbient tenperature, the nethylsuccinic acid and the
2-ethylimdazole are preferably added after the tenperature falls bel ow
about 40 C. In addition to increasing the flux activity, it has been
observed that mnimzing the reaction prior to reflow al so benefits the 35
stability and shelf life of the paste. 2 Cctober. 2006 13 Sol der All oy

The flux of the pregent invention e \g id R aVaetbgstd il contact
sol der al l oy such gg é%n_ fre}:r?f'i p%%réggéd’god fl‘%@ ldatlavresgéein%ie , Ip§n63Pb3, and
Sn62Pb36Ag3) .haxsneyepecific ¥israpityi c Befrre therdrersitt 8% &% der alloys
that are subspaste abl yedtede bf ilscatefdratiyaaklawednbalgtandf é¢¥ed to as
lF’b- ; r egbsgl dersa{é Xshﬁﬁ% tsxsp'tﬁagé Ly v-gm'awg&ﬁé&ylt Eﬂﬁ_ﬁ%ﬂhiﬁhcﬁ Wt % of
ead. -free s er alloys.tend to,.pav Lgher, |1 gui LeEPe{ at ures
and/ or reflow Bﬂf?ﬁfﬁﬁ%’%'héﬁeﬂ)“icéjga-p’éooﬁrt é.'lp‘ﬁ?%agatseqf:ggr aﬁoo S, Exenplary
Pb-free sol derbefgrieognd/ar: duding AgESSHERE, eXpUBleINdS BHRPEIEK( S to°
Sn65Ag25Shi 0, hHC 284D8icnal S8AbrenA9Ba B Bito addeBd6 i 5AGBCYI s§psity
Sn95. SA34Quo. 5 9300 A U4y a 43Bia23 oy FAREBE, maCR addéd, 9. 3Cu, ., ,
Sn99cCuy, $n9,jcix§%@’s§§‘gﬂ % nigy‘?%Agféﬁo. 6, 1§ny “2AN2 AR b etor
Sn63. , | n8. 8ZnBreFpraRbycihe; BashRy 18,6k} 31 19ed 55, BE3Th S LB &r red
met hyl succi mb cremsiagur tomttdenvhgedsdity- conposition is particularly suited for
printing and fluxing Sn95, 5Ag4Cu0.5 and Sn96. 5A93Cuo. 5 al | oys. Wen
preparing a solderP aste gr alloy is in powder form Preferably
the all oy powder p 20 sizg bet ween Qout]%pg ggd about 400
mesh according to ¥l desxtikedaakpveer BRG 8SC4FE RAEE 1St P particles will
pass through selseted@nahws by operinngd afrcabbiroaxGObPrEtaRFiAdeg pass
through a scregh RaViPEAPSRI RGP, Bb&HrodSe dvicébears alcdare@aumder may be
pr epar ed bylgn hea%%??éé %[oq.dtescgargt%ugnd the assembly is heated in a
furnace to melt or reflow the solder alloy, thereby bonding
the electronic devices to the circuit board. The peak
surface temperature of the circuit board when heated is
preferably below 250 °C and most guitably about 50 °C above
20 the liquidus temperature of the solder alloy(s) present in
the paste. -
It is believed that during reflow the methylsuccinic
acid and the 2-ethylimidazole react and form a salt, i.e.,
2-ethylimidazole methylsuccinate, which activates the
25 thermoplastic resin to remove oXygen from the surface of
the metal solder alloy and the substrate and protects the
metals being joined from atmospheric oxygen by forming a
liquid that encapsulates the molten metal and prevents
oxygen from reaching the solder joint during and after the
30 reflow operation. Preferably, at least about 50% of the
available methylsuccinic acid and 2-ethylimidazole react to
form the activator salt. More preferably, at least about
20% of the available methylsuccinic acid and 2-
ethylimidazole react to form the activator salt. After
35 reflow, the preferred flux composition leaves a residue
that is soft and allows for testing of the solder joints

using circuit pin testing.




25 including inert gas atom zation and centri fugal sp[ﬂaél gal ﬁ&er Past e
The sol der paste is preferably prepared by mxing th

conposition and the nmetal alloy powder in a conventional nanner. The

met hod of mxing is not critical 30 but should insure that a honbgeneous
di spersion of metal and flux is obtained. For exanple, blenders and
rotating blade m xers can be used. The proportions of the solder powder
and the flux are selected so as to provide an adm xture having a
consistency suitable for printing. 35 Géherally, the weight ratio of the
sol der powder to the flux ranges from abﬁut 80: 20 to about 95:5 and
preferably from about 85:15 to abou ~10° 12 Cctober. 2006 14 It is
of ten desirabl e t oTherfimxahe actdyliterofpasrerhyd surgieic agpdeific viscosity.

Before the Vi scRshiyi®f pheredashaei palsessast tihe pseguref ¢nedsitjioal | owed to

stand for several hours t "nest Vi i & Rs: A3lgahped. S5 If
necessary, theweffsg%"s“féf:g;(s)?ot%ga%pggt%b ?gee ST ?%{S 5

C I n be m)gl |§$1F&Ilb§fore q,plg/or during
use. For exahplaatain wgtdwdsnesinis agis uAigh 2 FQAPET 8Fvent may be
added or if theldesceslil test serttadlbqviacaddia isdder spater daPOHF powder nay
be added. P ehgi@bhys dl'énPafnebs dil1gh Ql}tdnﬁ%igl@tétmghimlb n before 10
remeasuring the visgcosity. 1Ling, an Asp fasGl Bgdhgbove, the
sol der paste i aﬁﬁgl?%&‘%Bt %ﬂe%]ééﬁeogér%egig on%wa Q%H;lt e(Zaci{ uit board by
stenciling amétoeddey asidpriailong. sE2gcplefiatedevt tEe%LPR Munt ed on 15
the appliedisqjsdee @asdsdtanill hepasdenilingi fdmaneround andfshifyce to nelt
or reflow the \gh gk, Ald QY aidfiieebys RARALNS md e psbegidtakmantavites (o the
circuit board. e_pea urface at e, 1 heUE L f2QRr df When
heated is prdtér by WI“EWZ%D%@%%S%@LP%%&%P orgbtg)ut 80 C above 20 the
| i qui dus t enperhet alenifa sherewiddag allarges)fygeds@atiin  the paste.

Specifically, test solder pastes containing about 87-

15 89 wt% of Sn, Ag,Cu, s alloy powder and about 11-13 wt% of
fluxes prepared in accordance with the above flux
composition table. Comparison solder pastes identical to
the test paste except that it was free of methylsuccinic
acid instead of phenylsuccinic acid were also prepared.

20 Several reflow tests were performed on test and
comparison solder pastes. For example, deposits were
reflowed using a constant temperature ramp of about 0.7
oC/sec to a temperature of about 230 °C and then cooled

(oven tolerance is + 5 °C). The deposits remained above

25 about 217 °C for about 60 geconds. The eutectic
temperature of the Sng AgCuy s alloy is about 217 °C. A
few degrees (< about 5 °C) above the eutectic temperature
the alloy becomes pasty and a few degrees higher the
liquidus temperature is reached (i.e., the alloy is

30 completely molten). Vieible inspection of the paste
deposits showed that the methylsuccinic acid-containing
pastes were completely fugsed whereas the comparison pastes
were not.

In another test, the pastes were only heated to about

35 229 °C which is only about 12 °C above the eutectic
temperature. Even at this low temperature, the
methylsuceinic acid-containing deposits formed completely
fused solder balls.




It is believed that during reflow the nethyl succinic_,acid.and ng
2-ethylimdazole react and forma salt, i.e., 2-eth

met hyl aucci nate, which activates the 25 thernoplastic resin to renove
oxygen fromthe surface of the netal solder alloy and the substrate and
protects the netals being joined from atnospheric oxygen by formng a
liquid that encapsul ates the nolten netal and prevents oxygen from
reaching the solder joint during and after the 30 refl ow operati on.
Preferably, at |east about 50% of the H¥ailable nethylsuccinic acid and
2-ethylimdazole react to ,formthe activataqr | 1. rably, at
| east about 70% of°% ﬁ&aé'%ﬂa‘iﬁaéb?%"‘%tlﬁ??suacgﬁfﬁ?%alaé‘}a ’zE'i.nc : i.‘gt hyl i mi dazol e
react to formreftowncreration $ort theaSner A haf 2ARY EREAVRPERFERP f | ux
conposi tion | gavesurraceshélitr; sbhddreds £604 ttempdratlmbeteeen @bbung of the

sol der j oI ntS 534SiAQ 4 LAY JRENd GibRYincireabll A 11RODfhook>r&xaNl es
The fluxing activity of a net hil Succl nj c aci d-hcont agpl n(?o"E%-rf tef sol der
pastes of t Ife OfteRlian PhVERR BGRAeHeWe MR ATIIRERNE S t halC o *Free sol der
pastes that dbdanitg Fatentmiatonetn? Sdéeiniichait dassi hareb SOrBeFNDal | test.
The sol der bal k-§ estecgBt @dddS dpk Btd Res01i5pl deurpiest, e cleposiliow about 6.5 mMm

in di amet  um pa pl. | Gh.iS 1 DGR e@25-250 C |
oven. Al um nacPRrngoh R REEudl %@?"%ﬁ‘ﬂ}%ﬁ‘}?ﬂ o Sﬁ%%afm y fluced

sol der 10 pasEUPHERRS £8gyd aép%ﬁ%af?ﬁg", FIRS SPELRA™ANE shiny  ball
havi ng a dilamgeey. of60abOU4nd orML8PSEY Eperdtmutahees bBecends) B FRults in

?Xi dijzgdl |m9t gltiﬂé’}’%vlefehé ?qqﬁya&?ag:%u@éra&m ak UPddRA aBoiitt AuRddNg a1|5air38e\r/vt y
of - SnoBo5AgaCHESRRdY 16, AhRiiaPO s TRBL: TELTASIIT,ar yRien 8 i in
accor dance wi thet¥eflawooperatign ceafdsre| Hie tf&B?‘e‘.’c’"@?ﬁ'b'éjr‘?’ééﬁ E‘gﬁler past es
identical to rbbestfmt tpasie peneapitibhadf idtmaaphdriee onygemttippbualci ni c
15 the liquid flux. Solder pastes containing methylsuccinic
acid reflowed and formed completely fused joints even under
gsuch harsh oxidizing conditions.
It is to be understood that the above description is
intended to be illustrative and not restrictive. Many
20 embodiments will be apparent to those of skill in the art
upon reading the above description. The scope of the
invention should therefore be determined not with reference
to the above description alone, but should also be
determined with reference to the claims and the full scope
25 of equivalents to which such claims are entitled.




acid instead of phenylsuccinic acid were al so prepared. 20 Several reflow
tests were perforned on test and conparison sol der %Q@%W—?eﬁ—"é@anpl e,
deposits were ref |lowed using a constant tenperature ranp of about 0.7
C/sec to a tenperature of about 230 C and then cooled (oven tolerance is t
5 C). The deposits remai ned above 25 about ;217 C for about 60 seconds. The
eutectic tenperature of the Sn95.5Ag4Cu,El> alloy is about 217 C. A few
degrees (< about 5 C) above the eutectic tenperature the alloy becones
pasty and a few degrees higher the |iquidus tenperature is reached (i.e.,
the alloy isc3@igenpletely nolten). Visible inspection of the paste
deposits showed that the nethylsuccinic acid-containing pastes were

conpl etely fused-wAesekden Hdusorgrpcsdbhopasamgsrisiege not. | n another test,
the pastes were z0BL¥e N&aRAehe; about 35 229 C which is only about 12 C
above the eutectic _tenperature. Even at this |ow tenperature, the

met hyl succi ni ¢ ZcPAIEHt SORPABERtEposits forned conpletely fused sol der
balls. 12 Cctoben. aZfiifatihf Cofipadatt boniptisiagDaet pliBuceihyPiadld; and

manuf acturing reflow.operation for the Sn, ... .Ag, Que.s .all ent aj |
ot act U a9, PRl ANGGRRE by Mbniedhebl ot sipd: f driafnely, SRbREhE,;, o
and about X¥5derwmtive tor soceierghe th&atdactddnflostweenxkttat i on of the

sol der by tienpi SRERRELCacTH Carkl THE G LR, rate is about 1-2 C's
which is | ess ﬁarsh thana%nﬁe 0.5-0.7 C/scoﬁ‘sﬁe during testing. Further, the

refl ow operation often includes soaks in which the printed substrate is
hel d at a tenpezatihee s6LaeNEIuke compiritlohlof ecThim G0whetdid @helBAs& f or

about 30 g neaitbofBliddl » BRGNS Freildeliteed BRI i St U
ref | ow opefemsiatingqof reeed hsihuxgwomesdnt i tal beidoresinesi stant to the
penetrati 08; §rPoPRIBALELSE 1LY AEMPdV¥alted rosin, pdlymerized rosin,
hydrogenated resin, hydrogenated gum wood rosin, a carboxyl-
containing resin, a polyester resin, an acrylic resin, a
styrenemaleic resin, an epoxy resin, a phenolic resin, and

mixtures thereof.

3. The solder flux composition according to claim 1 or 2,
wherein the accelerating component is selected from the group
consisting of 2-methyl-4-ethylimidazole, 2-methylimidazole, 2-
ethylimidazole, and mixtures thereof.

4. The solder flux composition according to claim 1 or 2,
wherein the activating component consists essentially of -
methylsuccinic acid and the accelerating component consists
gssentially of 2-ethylimidazole.

+ 5. The solder flux composition according to claim 1 or 2,
.wherein the base component constitutes between about 5 and about
95 weight percent'bf the solder flux compositicn, the solvent
component constitutes between about 5 and about 95 weight percent

5 of the solder flux composition, the activating component



15 the liquid flux. Solder pastes containing nmethylsuccinic acgidref |owed
and fornmed conpletely fused joints even under such ﬁé?gﬁgg%ﬂégggﬁb
conditions. It is to be understood that the above description is intended
to be illustrative and not restrictive. Many 20 enbodi nents will be
apparent to those of skill in the art upas reading the above description.
The scope of the invention should therefore be determi ned not with
reference to the above description alone, but should also be determ ned
with reference to the clains and the full scope 25 of equivalents to which
such cl ai ns canstiuties| bdtweeh @bbobel ,arkD@boutd 73 Clweiigbt Heroknsoblethd | ux

COMPOS L i On o6 88 | ahATeomfbdi56ne RPN aclePlaaRs SOIRARSRL: 2

activating conponent co r|S|ng | 'succrnic acl an accel erating
P

conponent cBERARFTUEGS ahetwaeda2 %tc%rﬁpé‘e?nﬁbmb"r I&el’ﬂleifﬁlt‘? \REXCENECeEI et e t he

reacti on bekvbddr tfhax cRMgysitwesl nic acid and the base conponent. 2. The
sol der flux conposition of claim1l wherein the base conponent conprises a

thernopl astic resin selected fromthe group consisting of wood rosin, gum
rosin, tall oil éro%he,soldiespfdportanpoat etion aaicordiygriogerlatiad3 f odievein

pol yneri zeth D HaBe cmn%@négﬁgﬁ rt'%ﬁ;'eg bé‘é’ﬂée%g%ﬂéh@ dS %LHEC\QBBQUQSS' n, a

carboxyl - containing resin Fesi resrn
styr enenal SfGShEsPRICant @5o%he r%%lldﬁr 51%6?%190@115&%1?0 th&néom‘i‘% ur es

t hereof . 3. compens@t dﬁinsfthuﬁtﬁ@mﬁebhoﬂb@tﬁc@ dhAJabsutCloBl Meigh phrcedberein
t he acceler%ttgg ?Et Is sele ted fron1th§ o consi sting of

2- et hyl - 4-%t hyFi 7 WX RN F’ﬁ’f‘darztiﬁ gctav 'éjtrf'ﬁ{/) ISCRPE43%t e, and

m xtures t Wééitutzbs ‘bleawsgrh carouft] Gixand rglesitt Bonweigtar gengento aoff &hm 1 or 2,
wherein th@cagtt AL QRAIPONIH, SAASLIL S2318RLEAld YobondEL NY! succini c

acid and the accel erating conporient cons
constitutes between about 0.5 to about 15 weight percent of the

solder flux composition.

7. The solder flux composition according to claim 4, wherein
the base component constitutes between about 5 and about 95
weight perceﬁt of the solder flux composition, the solvent
component constitutes between about 5 and about 95 weight percent
of the solder flux composition, the activating component
constitutes between about 1 and about 30 weight percent of the
solder flux composition, and the accelerating component
constitutes between about 0.5 to about 15 weight percent of the
solder flux composition.

8. The scolder flux composition according to claim 1, wherein
~ the base component is selected from the group consisting of wood
rosin, gum rosin, tall oil rosin, disproportionated rosin,
hydrogenated rosin, polymerized rogin, hydrogenated resin,
hydrogenated gum wood rosin, and mixtures thereof.



essentially of 2-ethylim dazole. S. The solder fl ux jggﬁoEitiog; gcording
to claiml or 2, wherein the base conponent constit € bout 5
and about 95 weight percent of the solder flux conposition, the sol vent
conponent constitutes between about 5 and about 95 wei ght percent 5 of the
sol der flux conposition, the activating cegponent 12 Cctober. 2006 18
constitutes between about 1 and about 30 wei ght percent of the solder flux
conposition, and the accel erating conponent constitutes between about 0.5
to about 15 meiﬁgtgggrcent of the solder flux conposition. 6. The sol der
f1ux conpositi orf -acB6r 8PHIER & 18K aFPHEPS ik eR 2 FrondiBgheR & ddfpdnefitrther
constitut eschqwnemlgabomecﬂogadaahmﬂpo%ntw@égéutgﬂefﬁaﬂtu%f gtrbepsoljde[) flux
conposi tion vept_ .c gnent constitutes between ahqui 5 and about
55 et gt _peridieifySF o PRI ed akE SAT o SRR BPRRY component
const i t ut estetatgene abowolyamide abotol3othel givt wper camd wifktules sol der fl ux
conposi ti onghapadhet he accel erating conponent constitutes between about 0.5
to about 15 wei ght percent of the solder flux conmposition. 7. The sol der

flux conposition according to claim4, wherein the base conponent
constitutes betweenTid@dlder afthakmpoddt i W iadlbrasig e c0himhe, sol der flux

conpositio sol vent . conpgnent constitutes between about 5 and about
95 wei ght p%élrrtgkelgf gé)r?p]’—tlﬁéngo‘? d'g}ec{ilogi’(c‘?:gn‘fﬁﬂmoflﬁﬂﬁ,sv%tggt ?V%Ti'ﬁbe conponent
const i t ut egrisepPweersidtdoy of anhydvogen8edweiaghbrpeilcent cabtoheoilsbaded fl ux

conposi ti ORpiRREdHE gcggiggl?ﬂquacggﬁéﬁyﬁengogﬂi ta%:ieﬁ\igéﬁ%@éen about 0.5

to about 15 wei ght” percent” of the ux conpositi on. The sol der
fl ux conpo§f’FF6 according to claiml1l, wherein the base conponent is
selected fromthe group consisting of wood rosin, gumrosin, tall oil

rosin, dispropoytiqpated. tosi hydr ogenated rosin, polynerjzed rosin,
hydr ogenat ed rce)i;]i 'n%eh%}%egtérfg?gdxﬁm&/#d&nr 85??1‘5&1’%98‘:??1 gf#r'%sl't hereof . 12
Oct ober, 26@ether comprising a corrosion inhibitor component selected from

the group consisting of a phosphine derivative, a triazole

derivative, and mixtures thereof.

12. The solder flux composition according to claim 3,
further comprising a corrosion inhibitor component selected from
the group consisting of a phosphine derivative, a triazole
derivative, and mixtures thereof.

13. The solder flux composition according to claim 4,
further comprising a corrosion inhibitor component selected from
the group consisting of a phosphine derivative, a triazole
derivative, and mixtures thereof.

14. The solder flux composition of claim 12 wherein the
corrosion inhibitor component constitutes between about 0.1 and

about 5 wt% of the solder flux composition.

15. A solder paste comprising:



19 9. The solder flux conposition according to clai m& g{gr,},her,éu!cfborrpri si ng
a rheol ogi cal conponent selected fromthe group con <

hydr ogenat ed castor oil, a castor oil-based thixatrope, a polyamde, a

pol yet hyl ene wax, and m xtures thereof. 10. The solder flux conposition
according to claim4, further conprising2a rheol ogi cal conponent sel ected
fromthe group consisting of a hydrogenated castor oil, a castor oil-based

t hi xatrope, a pol yanm de, a pol yet hyl ene wax, and m xtures thereof. 11. The
sol der flux conpgsitian according to ¢claiml, further comprising a
corrosion inhibi ?o’?'e%agjtrpq(?ﬁgﬁf %‘é‘?d&ft 24sPSARYd tRetR® G AENEIWEi ng of a
phosphi ne detompasition aft clatwle derivative, and mixtures thereof. 12. The
sol der flux conposition according to claim3, further conprising a
corrosion inhibitor conponent selected from the group consisting of a
phosphi ne deri vat%v&heaspider gastedef i alatimves alskeiin theemetdlesedfier 13. The
sol der fl uxpeRaPesidd 2B188F %] l.aim4 rther .conpri.sing .
P 1
corrosion inhibjtor conmponent sxglgg{é'ﬁ%%t?ro?mar? Féyegsre(l)luplgo?ls‘fesjtglhggr%loa
phosphi ne dEPRIARY fEOmaabeita A9 :@0 Herahputi 96;5 snlderxpavder t:heoddér 14. The

sol der f| uxfompespbe®bion. cl aim 12 wherein the corrosion inhibitor
conponent constitutes between about 0.1 and about 5 wt* of the solder flux

conposition. 15. A solder paste conprising: 12 Cctober. 2006 20 a netal
sol der powder dil¥perbedsolicrhpaste daf cllhin 150RMRTeEH OPhd bagkatdhdonek®. The

sol der pastg, rigégiy%é Lp. the netal. sol der owder and sol der fl ux
conposi ti on g‘r}{g resen ?ﬁr@ggﬁgxg?b FSPAR; Bel9HTS rﬁ§°$‘r &FEYP 80:20 to
about 95:5 ¥Bi*aé 1’pﬂ)vﬂ%rWQ°dsGP€m. dumyxogbmpdsilfli ohl dAdsinthe sol der paste
of clai m 1%isphop6tthiddit <a288s £9MRASBLenated rosin, polymerized rosin,
hydrogenated resin, hydrogenated gum wood rosin, a carboxyl-
containing resin, a polyester resin, an acrylic resin, a
styrenemaleic resin, an epoxy resin, a phenolic resin, and

mixtures thereof.

18. The solder paste of claim 15, wherein the accelerating
component is selected from the group consisting of
2-methyl-4-ethylimidazole, 2-methylimidazole, 2-ethylimidazole,
and mixtures thereof.

12. The solder paste according to claim 15, wherein the
activating component consists esgentially of methylsuccinic acid
and the accelerating component consists essehtially of 2-
ethylimidazole.

20. The solder paste according to claim 15, 16, 17, 18, or
19, wherein the base component constitutes between about 5 and
about 95 weight percent of the solder flux composition, the
solvent component constitutes between about 5 and about 95 weight
5 percent of the solder flux composition, the activating component
constitutes between about 1 and about 30 weight percent of the



conprises a thernoplastic resin selected fromthe gro cogsi st of wood
rosin, gumrosin, tall oil rosin, disproportionated Mnat ed
rosin, polynerized rosin, hydrogenated resin, hydrogenated gum wood rosin,
a carboxyl - containing resin, a polyester resi n, an acrylic resin, a
styrenenmal eic resin, an epoxy resin, a phetolic resin, and m'xtures
thereof. 18. The sol der paste of claim 15, wherein the accel erating

conmponent i s selected from t he group consisting of

2- met hyl - net hy azol e, I i m dazol & and

i xt ur es ther eo%kn}lgf1 %’r"n’eoln pﬁggegé%&ﬁcﬁﬂ‘ﬁﬁa'f L CRMRPASI wherein t he
activating @@ﬁﬁéh"elmesc@ﬁswsels deuen0i 2l toy abburel hydeighei pexceart of anel t he

accel erati NngoCa8PONRAL ceRPSERlidnessential ly of 2- ethylim dazole. 20. The
sol der paste according to claim 15, 16, 17, 18, or 19, wherein the base

conponent constitutes between about 5 and about 95 wei ght percent of the

sol der flux cormml hensold: pagkaeaucmgneatcmmgt%s 1hget tyeery, about 5
and abo t Q;h ercent of the solder flux conposition,

act i vatl ng corr]f)eol eﬁipe gﬁﬂ%t‘iq@f’ﬁgn%e‘t%ééﬁeﬁb%tfr?% REe SRR genaéw@img
percent of ehevcoRl @osm.ergunﬂaﬂﬁlnzltasal den fosih,CaAippHopdionabddt he

accel erati S Qut abou
percent of n%]éeaq;rpgpg ux C(%Ir)r%%lgl #%ﬁkmggzea?’ﬁ@%&g}@( rp?gff’gkﬁ%c'fﬁ g to
claimi15, #yd rfgengq:qugum HopAeresim, t hedbubetwespohertofi.s sel ected fromthe

group consisting of wood rosin, gumrosin, tall oil rosin,
di sproporti onat 99 {,05| n, 5%dro enated rosin, polynerized rosin,

hydr ogenat ed r e&fh, "PhyRPLE GERPROIRS rtes CAALB A milfe Ui s Yeo®of . 22.
The sol der 1|@asfere&mrqdmpglsmglaalcnsrizssidxﬁ mhlbi&Br dumpoh8nt f seldtted

CONPri Si NG faoROFE r c e fromthe grou
consi sti ng of 'a ph ($)‘:}sph negggﬁé\}a |§gpg;?l?°rﬁ92’%8Fe e’&jevrait\;‘gﬁ Ve, t%r?(f"ﬁrfextures
t her eof . 2§erAVT)'F’d{,%s§nflo¥‘1¥@ﬁﬂsngh9m%ol derabl e surfaces, the

23. A process for joining two solderable surfaces, the
process comprising:

applying to at least one of the solderable surfaces a
deposit of the solder paste according to claim 15, 16, 17, 18, or
19;

applying heat to at least one of the soclderable surfaces to
reflow the solder paste thereby wetting both solderable surfaces
with molten solder; and

cooling the molten solder to solidify the solder thereby
joining the two solderable surfaces.

24. An electronic component assembly comprising:

(a) an electronic component having a plurality solder-
wettable pads;

(b) a substrate having electrical contacts corresponding to
the solder-wettable pads of the electronic component; and



process conprising: applying to at | east one of the E%I ge{ibl e2§§%f aces a
deposit of the solder paste according to claim15, 16 ~ODE 19;
applying heat to at | east one of the solderable surfaces to reflowthe

sol der paste thereby wetting both sol derable surfaces wth nolten sol der;
and cooling the nolten solder to solidify22he sol der thereby joining the
two sol derabl e surfaces. 24. An el ectronic conponent assenbly conpri sing:
(a) an electronic conponent having a plurality solder- wettable pads; (b) a
substrate having,el ectric contacts coryesponding to .the saol der-weitable
pads of the el ec%‘?e)o%'l%g 38%%% r?ts;%eaﬁ%lcﬁlﬁgt betme ?%081""“2?3 éey %ﬁem@dl der
past e accor d8ngPx d ohetvter|tdiensolder Mettable fdidis endl€hdetlwetnitsk

sol der - wet t abh€addgdds and the electrical contacts. 25. A nethod of
preparing the solder flux conmposition of claim1 conprising; mxing the
base conponent and the sol vent conponent at a tenperature ranging from
about 80 C and t25.ahométHdD of poeparine €HEasdHer EDGk NEbrigdaitabews 1 to
about 3 hougfhfﬂ)lpgg £33 heated m xture of the base conmponent and the

sol vent conponent; ol n&’the heated m xture to a tenperature | ess than
about 40 C to yi¥&lEg Lheodeed oompaneetofnd hchd asédvemnpmngoneatdatt ke

sol vent corpagRihtuAldahs Bkt d12uRCkH V& A0 EQTRONRNG 58" 0c I A 4
acceleratin conponent, wth the cooled mxture o e base conmponent and
the sdlve qgaﬁggrﬁﬁﬂglng from about 1 to about 3 hours to produce a

heated mixture of the base component and the solvent component ;
cooling the heated mixture to a temperature less than about
40 °C to yield a cooled mixture of the base component and the
solvent component; and
10 ' mixing the activating component and the accelerating
component with the cooled mixture of the base component and the
solvent component.



