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(57) ABSTRACT 

Soldering ?ux compositions, solder pastes, and methods of 
soldering using the same are provided, that exhibit excellent 
Wettability, give highly reliable solder joints, and have 
superior storage stability. The ?ux composition contains at 
least one compound having at least one blocked carboXyl 

group selected from the group including compound obtained by reaction of a carboxylic acid compound and a 

vinyl ether compound, compound (Y) obtained by reaction 
of a carboxylic acid anhydride compound and a hydroXy 
vinyl ether compound, and compound (Z) obtained by 
reaction of an acid anhydride and a polyhydric alcohol, 
followed by addition polymerization With a divinyl ether 
compound, and the ?ux composition is non-curing. 
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FLUX COMPOSITION FOR SOLDER, SOLDER 
PASTE, AND METHOD OF SOLDERING 

FIELD OF ART 

[0001] The present invention relates to a ?ux composition, 
a solder paste, and a method of soldering, used in mounting 
electronic components on a printed circuit board or in 
soldering hybrid ICs (HICs). 

BACKGROUND ART 

[0002] Electronic components are mounted on printed 
circuit boards mostly by soldering. Common soldering 
includes, prior to application of a solder, removal With a ?ux 
of the oxide ?lm on a metal surface to be jointed, and 
cleaning, or alternatively is implemented using a solder 
paste containing solder poWder in mixture With a ?ux. 

[0003] Soldering ?uxes are required to be highly insula 
tive, noncorrosive, stable for a long time, and noncausative 
of material property change of other parts, for maintaining 
good properties and reliability of the resulting products. On 
the other hand, for good Workability, soldering ?uxes are 
also required not to generate toxic gases, to give good 
solderability by removing oxides from and covering the 
metal surface and by loWering the surface tension of molten 
solder, not to be tacky, and to be easy to remove by cleaning. 

[0004] A ?ux usually contains a resin, an activator, a 
solvent, and other additives, and is usually used by applying 
the ?ux to a surface of a metal substrate, or by soaking the 
substrate in the ?ux. A solder paste is a viscous paste made 
of a solid or liquid ?ux and solder poWder kneaded together. 
The ?ux in a solder paste usually contains a rosin compound, 
a thixotropic agent, an activator, a solvent, and a dispersion 
stabiliZer. As the base resin for the ?ux, a rosin compound 
is used, such as natural rosin, polymeriZed rosin, hydroge 
nated rosin, or disproportionated rosin. As the activator for 
the ?ux, an organic acid is used, such as adipic, sebacic, or 
citric acid. 

[0005] The carboxyl groups in the rosin compound and in 
the organic acid as an activator in the ?ux, function to 
remove metal oxides on a metal surface to effectively 
improve solderability. HoWever, such carboxyl groups form 
a post-solder residue, Which adversely affects the reliability 
after soldering due to its ionic and mechanical effects. In a 
solder paste containing a ?ux, the carboxyl groups also 
adversely affect the storage stability of the solder paste per 
se. Speci?cally, the ?ux component in a recent lead-free 
solder necessarily contains a relatively strong activator in a 
large amount for compensating for inferior Wettability of the 
lead-free solder. HoWever, such increased activity or amount 
of the activator impairs the reliability of the solder joint, as 
Well as the storage stability of the solder paste. Thus 
Wettability required for the ?ux and the solder paste, and 
other necessary properties such as reliability and storage 
stability are con?icting With each other, and all of these 
requirements are hard to be ful?lled at the same time. 
Further, the kind and amount of the activator need to be 
strictly limited. 

[0006] As a ?ux remover, ?uorinated or chlorinated sol 
vents have been in use, but their use is being limited for their 
impact on the environment. Hydrocarbon and alcohol sol 
vents have also been in use, With problems in toxicity and 
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in?ammability. In this sense, Water is the most preferable 
de?uxer, but no ?ux or solder paste has been available that 
is suf?ciently cleaned With Water. When a ?ux is to be 
cleaned With Water, the non-volatile components of the ?ux 
must be Water-cleanable, and even the volatile solvent is 
preferably Water-cleanable, since a part of the solvent may 
be left over through the re?oW. In general, rosin compounds 
used as a base resin for the ?ux component is hardly 
Water-cleanable, and thus not usable in a ?ux to be cleaned 
With Water. 

[0007] On the other hand, loW-residue, no-clean ?uxes 
With a loW solid content are commercially available. HoW 
ever, reliability of such no-clean ?uxes is not yet suf?cient 
When a resin molding or Wire bonding process is to folloW. 
Commercially available no-clean solder pastes are designed 
to have a loWer solid content or no halide content, yet 
inevitably leave post-solder residues derived from the resin 
component such as rosin or the activator component. The 
residue from the activator particularly has serious impact on 
the reliability. On the contrary, the residue from the resin, 
such as rosin, does not have a serious effect on the soldering 
of most printed circuit boards for consumer electric appli 
ances and some kind of vehicle on-board printed circuit 
boards. HoWever, in soldering HICs, even a little residue 
Will give rise to terminal leakage or circuit corrosion of ?ip 
chips, leading to problems in the reliability in the folloWing 
Wire bonding step. 

[0008] For solving such problems, JP-2-290693-A and 
JP-2-25291-A propose a soldering method that leaves no 
residue, including re?oWing a solder paste With alcohol. The 
former discloses a paste containing solder poWder mixed 
With alcohols, such as monohydric alcohols, polyhydric 
alcohols, or ethers, With a boiling point about 30° C. higher 
than the melting point of the solder. This solder paste may 
be a residueless material, but may not be expected to have 
good Wettability under a non-reducing atmosphere or at an 
ordinary re?oW temperature. 

[0009] JP-2001-239395-A proposes a thermosetting sol 
dering ?ux containing compound (A) having one or more 
blocked carboxyl groups in a molecule, and compound (B) 
having tWo or more reactive functional groups in a molecule 
capable of forming chemical bonds With carboxyl groups by 
heating. HoWever, since this ?ux contains the requisite 
compound (B) having tWo or more reactive functional 
groups, the compound (A) having one or more blocked 
carboxyl groups is cured by thermal crosslinking. Thus this 
?ux is a no-clean ?ux leaving a thermoset product, and thus 
is totally different from a ?ux requiring cleaning, or a 
no-clean, non-curing ?ux leaving substantially no residue, in 
its reaction, effects, and required properties. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
soldering ?ux composition and a solder paste that exhibit 
excellent Wettability, give highly reliable solder joints, and 
have superior storage stability. 

[0011] It is another object of the present invention to 
provide a soldering ?ux composition and a solder paste that 
exhibit excellent Wettability even under a non-reducing 
atmosphere or at an ordinary re?oW temperature, give highly 
reliable solder joints, and have superior storage stability. 
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[0012] It is yet another object of the present invention to 
provide a method of soldering that enables easy application 
of solder that exhibits excellent Wettability and gives highly 
reliable solder joints. 

[0013] According to the present invention, there is pro 
vided a soldering ?ux composition comprising at least one 
compound having at least one blocked carboxyl group 
(sometimes referred to as compound (A) hereinbeloW) 
selected from the group consisting of: 

[0014] compound obtained by reaction of a car 
boxylic acid compound and a vinyl ether compound; 

[0015] compound (Y) obtained by reaction of a car 
boxylic acid anhydride compound and a hydroxy 
vinyl ether compound; and 

[0016] compound (Z) obtained by reaction of an acid 
anhydride and a polyhydric alcohol, folloWed by 
addition polymeriZation With a divinyl ether com 
pound, 

[0017] Wherein said soldering ?ux composition is 
non-curing. 

[0018] According to the present invention, there is also 
provided a solder paste comprising the above-mentioned 
soldering ?ux composition and solder poWder. 

[0019] According to the present invention, there is further 
provided a method of soldering comprising the steps of: 

[0020] (A) providing the above-mentioned ?ux com 
position on an electrode portion of a substrate; 

[0021] (B) providing a solder bumped electronic 
component; 

[0022] (C) placing said electronic component pro 
vided in step (B) on said substrate obtained in step 
(A); and 

[0023] (D1) subjecting said substrate With the elec 
tronic component obtained in step (C) to re?oW for 
mounting. 

[0024] According to the present invention, there is also 
provided a method of soldering comprising step (A) men 
tioned above, and step (D2) of supplying solder onto said 
substrate With the ?ux composition obtained in step (A), by 
?oWing or dipping. 

[0025] According to the present invention, there is further 
provided a method of soldering comprising the steps of: 

[0026] printing the above solder paste on an 
electrode portion of a substrate; 

[0027] (Y) placing an electronic component on said 
substrate obtained in step and 

[0028] (Z) subjecting said substrate With the elec 
tronic component to re?oW for mounting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is an explanatory vieW illustrating the 
process for measuring solder ball spread performed in 
Examples. 
[0030] FIG. 2 is an explanatory schematic vieW illustrat 
ing the process for mounting a ?ip chip IC in Example 3-1. 
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[0031] FIG. 3 is an explanatory schematic vieW illustrat 
ing the method of soldering by How soldering in the How 
step in Example 3-2. 

[0032] FIG. 4 is an explanatory schematic vieW illustrat 
ing the method of soldering performed in Example 3-3. 

[0033] FIG. 5 is a graph shoWing the results of the 
thermogravimetric analysis of (S-4) and (A-1) used in the 
?ux prepared in Example 1-17. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0034] The present invention Will noW be explained in 
detail. 

[0035] The ?ux composition according to the present 
invention is a non-curing composition that contains com 
pound (A) having at least one blocked carboxyl group, and 
is free from a compound having tWo or more reactive 
functional groups in a molecule capable of forming chemical 
bonds With carboxyl groups. 

[0036] The compound (A) contains at least one compound 

selected from the group consisting of compound obtained by reaction of a carboxylic acid compound and a 

vinyl ether compound, compound (Y) obtained by reaction 
of a carboxylic acid anhydride compound and a hydroxy 
vinyl ether compound, and compound (Z) obtained by 
reaction of an acid anhydride and a polyhydric alcohol, 
folloWed by addition polymeriZation With a divinyl ether 
compound. 

[0037] Compound may be a compound represented by 
the formula (1) or (2) beloW, Wherein all the carboxyl groups 
are shoWn blocked, but some may be left unblocked, as long 
as the objects of the present invention are achieved. 

[0038] In the formula (1), x is an integer of 1 to 6, A1 
stands for a carboxyl acid residue Without —(COO—)X, and 
Z1 stands for the formula (1-1) or (1-2): 

(1-1) 
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[0039] wherein R1, R2, R3, R5, and R6 each independently 
stands for a hydrogen atom or an organic group having 1 to 
50 carbon atoms, R4, R7, and R8 each independently stands 
for an organic group having 1 to 50 carbon atoms, and Y1 
and Y2 each independently stands for an oxygen or sulfur 
atom. In the formula (2), A2 stands for a carboxylic acid 
residue Without —(COO—)m. Y3 and Y4 each independently 
stands for an oxygen or sulfur atom, R9 stands for an organic 
group having 1 to 50 carbon atoms, m is an integer of 1 to 
6, and n is an integer of 0 to 5. 

[0040] The carboxylic acid compound as a starting mate 
rial for compound may be selected from monovalent 
aliphatic carboxylic acids, divalent or higher polyvalent 
aliphatic carboxylic acids, monovalent aromatic carboxylic 
acids, and divalent or higher polyvalent aromatic carboxylic 
acids, With rosins and aliphatic dicarboxylic acids being 
particularly preferred. 
[0041] Examples of the carboxylic acid compound may 
include aliphatic carboxylic acids, such as dicarboxylic 
acids including oxalic, malonic, succinic, adipic, glutaric, 
2,4-diethylglutaric, 2,4-dimethylglutaric, pimelic, aZelaic, 
sebacic, cyclohexanedicarboxylic, maleic, fumaric, and dig 
lycolic acids, fatty acids including caprylic, lauric, myristic, 
palmitic, stearic, arachic, behenic, linoleic, oleic, and lino 
lenic acids, and hydroxycarboxylic acids including lactic, 
hydroxypivalic, dimethylolpropionic, citric, malic, and glyc 
eric acids; aromatic carboxylic acids such as benZoic, 
phthalic, isophthalic, trimellitic, and pyromellitic acids; and 
rosin compounds such as natural rosins, polymeriZed rosins, 
hydrogenated rosins, disproportionated rosins, and partially 
modi?ed rosins. Among these, natural and polymeriZed 
rosins, succinic, adipic, sebacic, glutaric, and 2,4-diethyl 
glutaric acids are preferred for their rheology, activity, and 
reliability. 
[0042] The vinyl ether compound as a starting material for 
compound may be selected from aliphatic vinyl ethers, 
aliphatic vinyl thioethers, cyclic vinyl ethers, and cyclic 
vinyl thioethers. 

[0043] Examples of the aliphatic vinyl ethers may include 
monovinyl ether compounds such as methyl, ethyl, isopro 
pyl, n-propyl, n-butyl, isobutyl, 2-ethylhexyl, and cyclo 
hexyl vinyl ethers; divinyl ether compounds such as butane 
diol, cyclohexanediol, cyclohexanedimethanol, 
diethyleneglycol, triethyleneglycol, tetraethyleneglycol, 
ethyleneglycol, and hexanediol divinyl ethers; trivinyl ether 
compounds such as trimethylolpropane trivinyl ether; and 
tetravinyl ether compounds such as pentaerythritol tetravi 
nyl ether. Examples of the aliphatic vinyl thioethers may 
include thio compounds corresponding to the above 
examples of the aliphatic vinyl ethers. 

[0044] Examples of the cyclic vinyl ethers may include 
2,3-dihydrofuran, 3,4-dihydrofuran, 2,3-dihydro-2H-pyran, 
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3,4-dihydro-2H-pyran, 3,4-dihydro-2-methoxy-2H-pyran, 
3,4-dihydro-4,4-dimethyl-2H-pyran-2-one, 3,4-dihydro-2 
ethoxy-2H-pyran, and 3,4-dihydro-2H-pyran-2-sodium car 
boxylate. Examples of the cyclic vinyl thioethers may 
include thio compounds corresponding to the above 
examples of the cyclic vinyl ethers. 

[0045] Among the above examples, n-propyl, n-butyl, 
2-ethylhexyl vinyl ethers, and 1,4-butanediol divinyl ether 
are preferred for their ready availability and the decompo 
sition point of the resulting compound The vinyl ethers 
may be compounds represented by the formula (5), (6), or 
(7)1 

(5) 
R2 R1 

[0046] Wherein R1 to R8 and Y1 to Y3 are the same as 
above, R9 stands for a residue derived from a polyfunctional 
vinyl ether compound, and h is an integer of 2 to 8. 

[0047] For producing a ?ux cleanable With an organic 
solvent, compound in the present ?ux composition may 
be prepared from any of the carboxylic acid compounds and 
any of the vinyl ether compounds as the starting materials. 
For producing a Water-cleanable ?ux, compound in the 
?ux composition may be prepared from a Water-soluble 
carboxylic acid compound and any of the vinyl ether com 
pounds as the starting materials, since the latter is to be 
volatiZed and thus imposes no limitation. For producing a 
no-clean ?ux, compound in the ?ux composition may be 
prepared from a carboxylic acid compound having a boiling 
point of not higher than 300° C. and any of the vinyl ether 
compounds as the starting materials, since the latter is to be 
volatiZed and thus imposes no limitation. Further, for pro 
ducing a no-clean ?ux from the present ?ux composition 
containing a compound having one reactive functional group 
in a molecule capable of forming a chemical bond With a 
carboxyl group upon heating, as Will be discussed later, 
compound in the ?ux composition may be prepared 
from any of the carboxylic acid compounds and any of the 
vinyl ether compounds as the starting materials. 

[0048] For preparing compound (X), the carboxylic acid 
compound and the vinyl ether compound may be reacted, for 
example, at a reaction temperature of 30 to 200° C., pref 
erably 50 to 150°, for a duration of 10 minutes to six hours, 
preferably 20 minutes to 5 hours. The end point of the 
reaction may preferably be, for example, When the acid 
number of the reaction system is determined to be not larger 
than 5 mgKOH/g. Accordingly, the acid number of the 
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reaction product is preferably not larger than 5 mgKOH/ g. It 
is particularly preferred to perform the reaction so that all of 
the carboxyl groups in compound are blocked, but some 
of the carboxyl groups may be left unblocked, as long as the 
objects of the present invention are achieved. 

[0049] In the above-mentioned reaction, an acid catalyst 
may be used for promoting the reaction. Further, an organic 
solvent may also be used for homogeniZing the reaction 
system to facilitate the reaction. 

[0050] The acid catalyst for promoting the reaction may 
be, for example, an acidic phosphate represented by the 
formula (8): 

(8) 

[0051] Wherein R15 stands for an alkyl, cycloalkyl, or aryl 
group having 3 to 10 carbon atoms, and r is 1 or 2. Examples 
of the acidic phosphate may include mono- or diesters of 
phosphoric acid and a primary alcohol such as n-propanol, 
n-butanol, n-hexanol, n-octanol, or 2-ethylhexanol, or a 
secondary alcohol such as isopropanol, 2-butanol, 2-hex 
anol, 2-octanol, or cyclohexanol. As the acid catalyst, one or 
a combination of tWo or more of the above may be used. 

[0052] Examples of the organic solvent for homogenizing 
the reaction system to facilitate the reaction may include 
aromatic hydrocarbons such as benZene, toluene, xylene, 
ethylbenZene, aromatic petroleum naphtha, tetralin, turpen 
tine oil, and Solvesso #100 or #150 (trademarks of EXXON 
CHEMICAL CO.); ethers such as dioxane and tetrahydro 
furan; esters and etheresters such as methyl acetate, ethy 
lacetate, n-propyl acetate, isopropyl acetate, n-butyl acetate, 
isobutyl acetate, s-butyl acetate, amyl acetate, propyleneg 
lycol monomethyl ether, triethyleneglycol dimethyl ether, 
tetraethyleneglycol dimethyl ether, diethyleneglycol 
monobutyl ether acetate, and methoxybutyl acetate; ketones 
such as acetone, methyl ethyl ketone, methyl isobutyl 
ketone, methyl amyl ketone, cyclohexanone, isophorone, 
methyloxide, methyl isoamyl ketone, ethyl butyl ketone, 
ethyl amyl ketone, diisobutyl ketone, diethyl ketone, methyl 
propyl ketone, and diisopropyl ketone; phosphates such as 
trimethyl phosphate, triethyl phosphate, and tributyl phos 
phate; dimethylsulfoxide, and N,N-dimethylformamide. As 
the organic solvent, one or a combination of tWo or more of 
the above may be used. 

[0053] In the present ?ux composition, the content of 
compound is usually 5 to 95 Wt %, preferably 10 to 90 
Wt % of the total Weight of the composition . With the 
content of less than 5 Wt %, sufficient Wettability is not given 
to the solder, Whereas With the content of more than 95 Wt 
%, residues remain uncleaned to impair the reliability, thus 
being not preferred. 

[0054] Compound (Y) may be a compound represented by 
the formula (3), Wherein all the carboxyl groups are shoWn 
blocked, but some may be left unblocked, as long as the 
objects of the present invention are achieved. Further, one of 
the hydroxyl group and the vinyl group of the hydroxy vinyl 
ether may have been reacted, While the other may be left 
unreacted. 
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(3) 
o 0 CH3 

II II 

[0055] In the formula (3), R10 stands for a substituted or 
unsubstituted divalent aliphatic or aromatic group having 1 
to 50 carbon atoms, R11 stands for a divalent hydrocarbon 
group or glycol residue having 1 to 50 carbon atoms, Y5 
stands for an oxygen or sulfur atom, and s is an integer of 
1 to 500. 

[0056] Compound (Y) may be prepared by reacting an 
acid anhydride, Which is an anhydride of carboxylic acid 
having tWo or more carboxyl groups in a molecule, and a 
hydroxy vinyl ether compound, Which is a hydroxy vinyl 
ether having one vinyl ether group and one hydroxyl group 
in a molecule, or a hydroxy vinyl thioether having one vinyl 
thioether group and one hydroxyl group in a molecule. 

[0057] The acid anhydride may be a compound repre 
sented by the formula (3-1), and the hydroxy vinyl ether 
compound may be a hydroxy vinyl ether or thioether rep 
resented by the formula (3-2): 

(3-1) 

[0058] Wherein R10, R11, and Y5 are the same as those in 
the formula (3) above. 

[0059] Examples of the acid anhydride represented by the 
formula (3-1) may include succinic, maleic, itaconic, citra 
conic, tetrahydrophthalic, hexahydrophthalic, 4-methyltet 
rahydrophthalic, 4-methylhexahydrophthalic, 3-methyltet 
rahydrophthalic, dodecenylsuccinic, phthalic, diglycolic, 
and glutaric anhydrides. 

[0060] Examples of the hydroxyvinyl ether represented by 
the formula (3-2) may include hydroxymethyl, hydroxy 
ethyl, hydroxypropyl, hydroxybutyl, hydroxypentyl, 
hydroxyhexyl, hydroxyheptyl, hydroxyoctyl, hydroxynonyl, 
4-hydrocyclohexyl, 3-hydroxycyclohexyl, and 2-hydrocy 
clohexyl vinyl ethers, and cyclohexanedimethanol, diethyl 
eneglycol, triethyleneglycol, and tetraethyleneglycol 
monovinyl ethers. Examples of the hydroxy vinyl thioether 
represented by the formula (3-2) may include compounds 
corresponding to the above examples of the hydroxy vinyl 
ether. 

[0061] Compound (Y) may typically be derived from a 
succinic anhydride and a hydroxy vinyl ether. 

[0062] For producing a ?ux cleanable With an organic 
solvent, compound (Y) in the present ?ux composition may 
be prepared from any of the acid anhydrides and any of the 
hydroxy vinyl ethers as the starting materials. For producing 
a Water-cleanable ?ux, compound (Y) in the ?ux composi 
tion may preferably be a reaction product of at least one acid 
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anhydride selected from the group consisting of succinic, 
maleic, diglycolic, itaconic, citraconic, and glutalic anhy 
drides, and at least one hydroXy vinyl ether compound 
selected from the group consisting of hydroXyethyl vinyl 
ether, hydroXypropyl vinyl ether, diethyleneglycol monovi 
nyl ether, and triethyleneglycol monovinyl ether. Here, 
“Water-cleanable” as used herein means that compound (A), 
When added to a ?ux or a solder paste, is decomposed and 
removed by cleaning With Water, and that compound (A) per 
se is not necessarily Water soluble. Further, “Water-clean 
able” is not limited to cleaning With Water, and semi-aqueous 
cleaners may also be used, such as Water-alcohol, Water 
limonene, and Water-glycol ether cleaners. 

[0063] For producing a no-clean ?ux, compound (Y) may 
preferably be a reaction product of at least one acid anhy 
dride selected from the group consisting of tetrahydro 
phthalic, heXahydrophthalic, 4-methyltetrahydrophthalic, 
and 4-methylheXahydrophthalic anhydrides, and at least one 
hydroXy vinyl ether compound selected from the group 
consisting of hydroXyethyl vinyl ether, hydroXypropyl vinyl 
ether, hydroXybutyl vinyl ether, hydroXypentyl vinyl ether, 
hydroXyethyl vinyl thioether, hydroXypropyl vinyl thioether, 
and hydroXybutyl vinyl thioether. Further, for producing a 
no-clean ?ux from the present ?ux composition containing 
a compound having one reactive functional group in a 
molecule capable of forming a chemical bond With a car 
boXyl group upon heating, as Will be discussed later, com 
pound (Y) in the ?ux composition may be prepared from any 
of the acid anhydrides and any of the hydroxy vinyl ethers 
as the starting materials. 

O O 

|| || 
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[0066] The organic solvent may also be used here that Was 
referred to above as usable in the production of compound 
(X) for homogeniZing the reaction system to facilitate the 
reaction. The amount of the organic solvent is not particu 
larly limited, and is usually 5 to 95 parts by Weight, 
preferably 10 to 90 parts by Weight, more preferably 20 to 
80 parts by Weight based on 100 parts by Weight of the acid 
anhydride and the hydroXy vinyl ether together. 

[0067] Compound (Y) may have a Weight average 
molecular Weight (MW) of usually 300 to 100000, preferably 
500 to 50000. With MW of loWer than 300, printability of the 
resulting solder paste prepared With the compound is infe 
rior, Whereas With MW of higher than 100000, many solder 
balls are disadvantageously formed. 

[0068] In the present ?ux composition, the content of 
compound (Y), if any, is not particularly limited, and is 
usually 5 to 95 Wt %, preferably 10 to 90 Wt % of the total 
Weight of the composition. 

[0069] Compound (Z) may be a compound represented by 
the formula (4) having in a molecule at least one hemiacetal 
group formed by addition of carboXylic acid to an unsatur 
ated vinyl group, and ester groups of carboXylic acid and a 
hydroXyl group. In the formula (4), all the carboXyl groups 
are shoWn blocked, but some may be left unblocked, as long 
as the objects of the present invention are achieved. Further, 
at the reactive terminal groups, one of the vinyl groups of the 
divinyl ether may have been reacted, and the other may 
remain as a double bond. 

(4) 
CH3 CH3 O O 

II II 

[0064] The ratio of the acid anhydride to the hydroXy vinyl 
ether compound for the reaction may be 1:0.5 to 5 in 
equivalence ratio. The temperature for the reaction is usually 
in the range from the room temperature to 200° C., prefer 
ably in the range from the room temperature to 150° C. The 
duration of the reaction may suitably be selected depending 
on the progress of the reaction, and may usually be 1 to 100 
hours. The end point of the reaction may preferably be, for 
eXample, When the acid number of the reaction system is 
determined to be not larger than 20 mgKOH/ g. Accordingly, 
the acid number of the reaction product is preferably not 
larger than 20 mgKOH/g. It is particularly preferred to 
perform the reaction so that all of the carboXyl groups in 
composition (Y) are blocked, but some of the carboXyl 
groups, such as those at the terminals, may be left 
unblocked, as long as the objects of the present invention are 
achieved. Further, an acid catalyst, such as an acidic phos 
phate represented by the formula (8) above, may be used for 
promoting the reaction. 

[0065] The amount of the acid catalyst is not particularly 
limited, and is usually 0.01 to 5 parts by Weight, preferably 
0.1 to 1 parts by Weight based on 100 parts by Weight of the 
acid anhydride and the hydroXy vinyl ether compound 
together. 

[0070] In the formula (4), R12, R13, and R14 each inde 
pendently stands for a divalent organic residue, Y6 stands for 
an oXygen or sulfur atom, and t is an integer of 1 to 500. 

[0071] Compound (Z) is prepared by addition polymer 
iZation of a reaction product of an acid anhydride and a 

polyhydric alcohol (sometimes referred to as a modi?ed 
carboXylic acid compound hereinbeloW) With a divinyl ether 
compound, and may preferably be used for rendering a ?ux 
composition Water-cleanable. Compound (Z) may have a 
MW of usually 500 to 500000, preferably 1000 to 50000. 
With the MW of loWer than 500, printability of the resulting 
solder paste prepared With the compound is inferior, Whereas 
With the MW of higher than 500000, many solder balls are 
disadvantageously formed. 

[0072] The acid anhydride for preparing compound (Z) 
may be the acid anhydride represented by the formula (3-1) 
above, and the speci?c eXamples referred to above may also 
be preferred here. Among the examples, succinic, maleic, 
and itaconic anhydrides are preferred, With succinic anhy 
dride being particularly preferred for its cleanability With 
Water, Workability, and reactivity With polyhydric alcohols, 
as Well as for the solubility of the resulting compound in a 
solvent and its compatibility With other resins. 
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[0073] The polyhydric alcohol for preparing compound 
(Z) may be a compound represented by the formula (4-1): 

[0074] Wherein R13 is the same as that in the formula (4) 
above. 

[0075] Examples of the polyhydric alcohol may include 
ethylene glycol, diethylene glycol, triethylene glycol, tetra 
ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol, 
1,3-butanediol, 1,4-butanediol, 2,3-butanediol, 1,6-hex 
anediol, pentanediol, dimethylbutanediol, trimethylolpro 
pane, trimethylolethane, glycerine, and pentaerythritol, With 
ethylene, diethylene, and propylene glycols being particu 
larly preferred for their availability and reactivity. 

[0076] The divinyl ether compound for preparing com 
pound (Z) may be a compound represented by the formula 
(4-2): 

[0077] Wherein Y6 and R14 are the same as those in the 
formula 

[0078] Examples of the divinyl ether compound may 
include diethylene glycol divinyl ether, triethylene glycol 
divinyl ether, 1,4-bisvinyloxymethylcyclohexene, ethylene 
glycol divinyl ether, polyethylene glycol divinyl ether, 
butanediol divinyl ether, 1,4-cyclohexanedimethanol divinyl 
ether, and corresponding divinyl thioethers, With diethylene 
glycol divinyl ether and butanediol divinyl ether being 
particularly preferred for their boiling point and reactivity. 

[0079] Compound (Z) may preferably be prepared from a 
combination of the starting materials such as a succinic, 
maleic, or itaconic anhydride, or a mixture thereof as the 
acid anhydride; ethylene, diethylene, or propylene glycol, or 
a mixture thereof as the polyhydric alcohol; and diethylene 
glycol or butanediol divinyl ether, or a mixture thereof as the 
divinyl ether. 

[0080] For producing a ?ux cleanable With an organic 
solvent, compound (Z) in the present ?ux composition may 
be prepared from any of the starting materials Without 
speci?c limitation. For producing a Water-cleanable ?ux, 
compound (Z) in the ?ux composition may preferably be 
prepared from at least one member selected from the group 
consisting of succinic, maleic, diglycolic, itaconic, citra 
conic, and glutalic anhydrides as the acid anhydride, and at 
least one member selected from the group consisting of 
ethylene glycol, diethylene glycol, triethylene glycol, tetra 
ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol, 
1,3-butanediol, 1,4-butanediol, 2,3-butanediol, trimethylol 
propane, glycerine, and pentaerythritol as the polyhydric 
alcohol. For producing a no-clean ?ux, compound (Z) in the 
?ux composition may be prepared from any reaction product 
With a boiling point of not higher than 300° C. of the acid 
anhydride and the polyhydric alcohol, and any divinyl ether 
compound, Which is to be volatiZed and thus imposes no 
limitation. Further, for producing a no-clean ?ux from the 
present ?ux composition containing a compound having one 
reactive functional group in a molecule capable of forming 
a chemical bond With a carboxyl group upon heating, as Will 
be discussed later, compound (Z) in the ?ux composition 
may be prepared from any of the starting materials Without 
particular limitation. 
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[0081] The modi?ed carboxylic acid compound for pre 
paring compound (Z) may be prepared, for example, by 
reacting the acid anhydride and the polyhydric alcohol 
Without or in a suitable solvent at a temperature from the 
room temperature to 200° C. The end point of the reaction 
may preferably be When not less than 98% of the reaction 
has been determined to be completed by measuring half and 
total acid numbers of the resulting resin. 

[0082] The ratio of the modi?ed carboxylic acid com 
pound to the divinyl ether compound for the reaction may be 
usually 1.0:0.5to5.0, preferably 1.0:1.0 to4.0, more prefer 
ably 1.0:1.0 to 3.0 in equivalence ratio. 

[0083] For preparing compound (Z), the modi?ed car 
boxylic acid compound and the divinyl ether compound may 
be reacted, for example, at a reaction temperature of 30 to 
200° C., preferably 50 to 150° C, for a duration of 10 
minutes to 6 hours, preferably 20 minutes to 5 hours. The 
end point of the reaction may preferably be, for example, 
When the acid number of the reaction system is determined 
to be not larger than 10 mgKOH/g, preferably not larger than 
5 mgKOH/g. It is preferred to perform the reaction so that 
all of the carboxyl groups in compound (Z) are blocked, but 
some of the carboxyl groups, such as those at the terminals, 
may be left unblocked, as long as the objects of the present 
invention are achieved. 

[0084] In the reaction, an acid catalyst may be used for 
promoting the reaction, and an organic solvent may also be 
used for homogenizing the reaction system to facilitate the 
reaction. Such acid catalyst and organic solvent may be 
those exempli?ed in the discussion of compound above. 
The solvent may be removed before the composition is used 
for a ?ux. HoWever, in vieW of the productivity, it is 
preferred to use no solvent, to use a Water-cleanable solvent 
for the reaction, or to use a solvent decomposable or volatile 
under the conditions in Which ?uxes or solder pastes are 
used. Examples of such solvent may include propylene 
glycol monomethyl ether acetate and methyl ethyl ketone. 

[0085] The amount of the acid catalyst is not particularly 
limited, and is usually 0.01 to 5.0 parts by Weight, preferably 
0.1 to 1.0 parts by Weight, based on 100 parts by Weight of 
the modi?ed carboxylic acid compound and the divinyl ether 
compound together. The amount of the organic solvent is not 
particularly limited, and is 5 to 95 parts by Weight, prefer 
ably 20 to 80 parts by Weight, based on 100 parts by Weight 
of the modi?ed carboxylic acid compound and the divinyl 
ether compound together. 

[0086] The content of compound (Z), if any, in the ?ux 
composition is not particularly limited, and is usually 10 to 
100 Wt %, preferably 50 to 90 Wt %. At less than 10 Wt %, 
the intended effect is not obtained. A urethane or polyester 
component, for example, may be bound to compound 

[0087] In the ?ux composition according to the present 
invention, compounds to (Z) as compound (A) may be 
combined and mixed for use. The combination and the 
mixing ratio may suitably be decided depending on the 
application. For example, When the combination of com 

pounds (Y) and is used, the content of compound may be 0.1 to 30 Wt %, preferably 1 to 20 Wt % of the total 

amount of the composition. 

[0088] In compound (A) used in the present ?ux compo 
sition, the blocked carboxyl groups are unblocked upon 
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heating, or irradiation With active energy beams such as UV 
or electron beams, to expose reactive carboxyl groups. In the 
case of compound (Z), for example, the hemiacetal ester 
structure in the principal chain is decomposed, and a cor 
responding loW molecular Weight compound is generated. 

[0089] The decomposition is promoted by a latent heat 
catalyst or photocatalyst, so that such catalysts may prefer 
ably be contained in the present ?ux composition. 

[0090] Examples of the latent heat catalyst may include 
protonic acids, such as halogenocarboxylic acids, sulfonic 
acids, sulfuric acid monoesters, phosphoric acid mono- and 
diesters, polyphosphoric acid esters, and boric acid mono 
and diesters; compounds obtained by neutraliZing a LeWis 
acid, such as BF3, FeCl3, SnCl4, AlCl3, and ZnCl3, With a 
LeWis base; onium compounds; and mixtures thereof. Par 
ticularly preferred are protonic acids, mixtures of a LeWis 
acid and a trialkylphosphate, sulfonic acid esters, phosphoric 
acid esters, onium compounds, and mixtures thereof. 

[0091] More speci?c examples may include pyridine salts 
of p-toluenesulfonic acid, pyridine salts of dodecylbenZene 
sulfonic acid, pyridine salts of naphthalene sulfonic acid, 
and pyridine salts of naphthalene disulfonic acid; metal 
halides, such as boron tri?uoride, aluminum trichloride, 
titanium (II) chloride, titanium (III) oxide, ferrous chloride, 
ferric chloride, Zinc chloride, Zinc bromide, stannous chlo 
ride, stannic chloride, stannous bromide, and stannic bro 
mide; organometallic compounds, such as trialkyl boron, 
trialkyl aluminum, dialkyl aluminum halide, monoalkyl alu 
minum halide, and tetraalkyltin; metal chelate compounds, 
such as diisopropoxy ethylacetoacetate aluminum, tris(ethy 
lacetoacetate)aluminum, isopropoxy bis(ethylacetoac 
etate)aluminum, monoacetyl acetonato bis(ethylacetoac 
etate)aluminum, tris(n-propylacetoacetate)aluminum, tris(n 
butylacetoacetate)aluminum, monoethylacetoacetate 
bis(acetylacetonato)aluminum, tris(acetylacetonato)alumi 
num, tris(propyonylacetonato)aluminum, acetylacetonato 
bis(propyonylacetonato)aluminum, diisopropoxy bis(ethy 
lacetoacetate)titanium, diisopropoxy bis(acetylacetonato)ti 
tanium, tetrakis(n-propylacetoacetate)Zirconium, tetrak 
is(acetylacetonato)Zirconium, 
tetrakis(ethylacetoacetate)Zirconium, dichloro bis(acetylac 
etonato)tin, dibutylbis(acetylacetonato)tin, tris(acetylaceto 
nato)iron, tris(acetylacetonato)chromium, tris(acetylaceto 
nato)rhodium, bis(acetylacetonato)Zinc, and 
tris(acetylacetonato)cobalt; and metal soaps, such as dibu 
tyltin dilaurate, dioctyltin ester maleate, magnesium naph 
thate, calcium naphthate, manganese naphthate, iron naph 
thate, cobalt naphthate, copper naphthate, Zinc naphthate, 
Zirconium naphthate, lead naphthate, calcium octylate, man 
ganese octylate, iron octylate, cobalt octylate, Zinc octylate, 
Zirconium octylate, tin octylate, lead octylate, Zinc laurate, 
magnesium stearate, aluminum stearate, calcium stearate, 
cobalt stearate, Zinc stearate, and lead stearate. 

[0092] Examples of the photocatalyst may include [3-ke 
tosulfone, iminosulfonate, benZoinsulfonate, O-nitrobenZyl 
sulfonate, and ADEKA OPTOMER SP Series (trade name, 
manufactured by ASAHI DENKA CO., LTD.). 

[0093] One or a mixture of tWo or more of the latent heat 
catalysts or the photocatalysts may be used, and the amount 
thereof is usually 0.01 to 10 parts by Weight, based on 100 
parts by Weight of compound With the amount of less 
than 0.01 parts by Weight, suf?cient catalytic effect cannot 
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be obtained, Whereas With the amount of more than 10 parts 
by Weight, the loW molecular Weight compounds resulting 
from the decomposition are undesirably colored, or side 
reaction may occur. 

[0094] The ?ux composition according to the present 
invention may optionally contain, in addition to compound 
(A), at least one member selected from the group consisting 
of activators, solvents, thixotropic agents, antioxidants, rust 
preventive agents, and chelating agents, depending on the 
required performance. 

[0095] Examples of the activators may include amine salts 
of hydrochloric and hydrobromic acids, carboxylic acid, and 
amine salts thereof. More speci?c examples may include 
hydrochloride or hydrobromide of methyl, dimethyl, trim 
ethyl, ethyl, diethyl, triethyl, n-propyl, di-n-propyl, tri-n 
propyl, isopropyl, diisopropyl, triisopropyl, butyl, dibutyl, 
monoethanol, diethanol, and triethanol amines; oxalic, mal 
onic, succinic, adipic, glutaric, 2,4-diethylglutaric, 2,4-dim 
ethylglutaric, pimelic, aZelaic, sebacic, maleic, fumaric, 
lactic, diglycolic, capric, lauric, myristic, palmitic, linoleic, 
oleic, benZoic, hydroxypivalic, dimethylolpropionic, citric, 
malic, glyceric, stearic, arachic, behenic, and linolenic acids, 
and amine salts thereof. 

[0096] The content of the activator, if any, is preferably 1 
to 30 Wt %, more preferably 1 to 20 Wt % of the total Weight 
of the composition. 

[0097] The solvent may suitably be selected from ordinary 
solvents of general-purpose. Examples of the solvent may 
include aromatic hydrocarbons such as toluene and xylene; 
alcohols such as methanol, ethanol, and isopropanol; esters 
such as ethyl acetate, ethyl lactate, and butyl acetate; ethers 
such as 1,4-dioxane and tetrahydrofuran; ketones such as 
methyl ethyl ketone, methyl isobutyl ketone, and cyclohex 
anone; glycol derivatives such as cellosolve and butyl cel 
losolve; glycols such as ethylene glycol, diethylene glycol, 
dipropylene glycol, triethylene glycol, hexylene glycol, and 
1,5-pentanediol; glycol ethers such as methyl carbitol and 
butyl carbitol; and petroleum solvents such as petroleum 
ether and naphtha, With methyl ethyl ketone and 2-propanol 
being preferred. 

[0098] The content of the solvent, if any, is preferably 5 to 
95 Wt % of the total Weight of the composition. 

[0099] The thixotropic agent may be of any kind. 
Examples of the thixotropic agent may include fatty acid 
amides such as castor Wax, beesWax, carnauba Wax, steara 
mide, and hydroxystearic acid bisamide; organic thixotropic 
agents such as loW molecular Weight polyethylene glycol, 
high molecular Weight polyethylene oxide, methyl cellulose, 
ethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cel 
lulose, diglycerine monooleate, decaglycerine laurate, deca 
glycerine oleate, diglycerine monolaurate, and sorbitan lau 
rate; and inorganic thixotropic agents such as silica poWders 
and kaolin poWders, With polyethylene glycol, castor Wax, 
and fatty acid amides being preferred. 

[0100] The content of the thixotropic agent, if any, is 
preferably 1 to 30 Wt % of the total Weight of the compo 
sition. 

[0101] The content of the antioxidant and/or the rust 
preventive agent, if any, is preferably 0.01 to 30 Wt % of the 
total Weight of the composition. 
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[0102] Further, the ?ux composition according to the 
present invention may optionally contain matting agents, 
coloring agents, defoaming agents, dispersion stabilizers, 
and/or chelating agents. 

[0103] An example of the ?ux composition according to 
the present invention may contain 5 to 95 Wt % compound 
(A), 1 to 30 Wt % activator, 1 to 30 Wt % thixotropic agent, 
0.01 to 30 Wt % antioxidant and/or rust preventive agent, and 
8 to 95 Wt % solvent. 

[0104] For producing a no-clean ?ux or a no-clean solder 
paste, the ?ux composition according to the present inven 
tion may optionally contain a compound having one reactive 
functional group in a molecule capable of forming a chemi 
cal bond With a carboxyl group upon heating (referred to as 
monofunctional compound (1) hereinbeloW). Such a mono 
functional compound, When contained in the composition, 
blocks the carboxyl groups in the compound (A) and/or the 
activator left over after the process, to prevent adverse 
effects of the residual carboxyl groups. Thus the composi 
tion With the monofunctional compound may be used for a 
no-clean products. 

[0105] Examples of the functional group in the monofunc 
tional compound may include an epoxy group, an oxaZoline 
residue, a silanol residue, an alkoxysilane group, a hydroxyl 
group, an amino group, an imino group, an isocyanate 
group, a cyclocarbonate group, a vinyl ether group, a vinyl 
thioether group, an aminomethylol group, an alkylated ami 
nomethylol group, an acetal residue, and a ketal residue, 
With an epoxy group, an oxaZoline residue, and a vinyl ether 
group being preferred. 

[0106] Examples of the monofunctional compound having 
an epoxy group may include glycidyl ethers of aliphatic 
alcohols having 1 to 20 carbon atoms such as methyl, butyl, 
2-ethylhexyl, decyl, and stearyl glycidyl ethers; aromatic 
glycidyl ethers such as phenyl and t-butylphenyl glycidyl 
ethers; and glycidyl esters of fatty acids having 2 to 20 
carbon atoms such as glycidyl laurate, glycidyl stearate, and 
glycidyl oleate. Speci?cally preferred are glycidyl ethers of 
aliphatic alcohols having 12 to 20 carbon atoms, aromatic 
glycidyl ethers having 6 to 10 carbon atoms, and glycidyl 
esters of fatty acids having 12 to 20 carbon atoms, for 
preventing generation of odor during Working or the like. 

[0107] Examples of the monofunctional compound having 
an oxaZoline residue may include 2-methyl-2-oxaZoline, 
4,4-dimethyl-2-oxaZoline, 5-methyl-2-oxaZoline, 4,5-dim 
ethyl-2-oxaZoline, and 4,4,5,5-tetramethyl-2-oxaZoline. 
Examples of the monofunctional compound having a vinyl 
ether group may include alkylvinyl ethers. 

[0108] The content of the monofunctional compound, if 
any, is preferably 0.1 to 50 parts by Weight based on 100 
parts by Weight of compound (A) and the activator together. 

[0109] The ?ux composition according to the present 
invention may be prepared by any method. For example, the 
?ux composition may be prepared by blending all the 
materials together, or by taking the solvent in a container, 
and mixing and dissolving other materials therein one after 
another. For mixing, for example, a vacuum mixer, a 
kneader, a homodisper, or a three-one motor may be used. 
The mixing may be performed at any temperature and under 
any conditions, but preferably performed at 10 to 30° C. in 
a clean room. 
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[0110] The solder paste according to the present invention 
contains the ?ux composition and solder poWder. 

[0111] The solder poWder may be of any kind, and for 
example, of conventional Sn/Pb, Sn/Ag, Sn/Ag/Cu, Sn/Cu, 
Sn/Zn, Sn/Zn/Bi, Sn/Zn/Bi/In, Sn/Bi, or Sn/In alloy. The 
solder particle may either be of spherical or amorphous 
shape, and may be of any ordinary diameter. In the case of 
spherical particles, the diameter is preferably 20 to 60 pm. 

[0112] The solder poWder may have any alloy composi 
tion. Preferred examples may include Sn63/Pb37, Sn/Ag3.5, 
Sn/Ag3.5/Cu0.5, Sn/Ag2.9/Cu0.5, Sn/Ag3.0/Cu0.5, 
Sn/Bi58, Sn/Cu0.7, Sn/Zn9, and Sn/Zn8/Bi3, Wherein the 
values indicate the Weight ratio of the metals. For avoiding 
problems associated With solder disposal, such as air pollu 
tion by lead, lead-free solders are preferred. The content of 
the ?ux in the solder paste is usually 1 to 50 Wt %, 
speci?cally 5 to 30 Wt %, more speci?cally 5 to 15 Wt % of 
the total Weight of the solder paste. With less than 50 Wt % 
or more than 99 Wt % solder poWder, required solder 
printability is not obtained, thus not being preferred. In vieW 
of recent environmental problems and recycling, lead-free 
solder pastes are preferred. 

[0113] The solder paste according to the present invention 
may be prepared by kneading and mixing the solder poWder 
With the ?ux composition by an ordinary method. For 
mixing, for example, a vacuum mixer, a kneader, or a 
planetary mixer may be used. The mixing may be performed 
at any temperature and under any conditions, but preferably 
performed at 5 to 25° C. in a nitrogen atmosphere. The 
mixing ratio of the ?ux composition to the solder poWder is 
not particularly limited, and is usually 5 to 20:80 to 95 by 
Weight. 
[0114] The solvent used as needed for preparing the solder 
paste may preferably be those having a boiling point of not 
loWer than 150° C. Examples of the solvent may include 
triethylene glycol monomethyl ether, triethylene glycol dim 
ethyl ether, tetraethylene glycol dimethyl ether, diethylene 
glycol monomethyl ether, diethylene glycol monobutyl 
ether, diethylene glycol monohexyl ether, ethylene glycol 
monophenyl ether, diethylene glycol monophenyl ether, 
diethylene glycol monobutyl acetate, dipropylene glycol, 
diethylene glycol-2-ethylhexyl ether, ot-terpineol, benZyl 
alcohol, 2-hexyldecanol, butyl benZoate, diethyl adipate, 
diethyl phthalate, dodecane, tetradecene, dodecylbenZene, 
ethylene glycol, diethylene glycol, dipropylene glycol, tri 
ethylene glycol, hexylene glycol, 1,5-pentanediol, methyl 
carbitol, and butyl carbitol, With triethylene glycol dimethyl 
ether, tetraethylene glycol dimethyl ether, and diethylene 
glycol monobutyl acetate being preferred. 
[0115] The solder paste according to the present invention 
may optionally contain an antioxidant, a matting agent, a 
coloring agent, a defoaming agent, a dispersion stabiliZer, 
and/or a chelating agent. 

[0116] The solder paste according to the present invention 
may be used as a solder for a re?oW solder process in the 
production of electronic components, electronic modules, 
and printed Wiring boards, by printing the solder paste 
through a metal mask using a solder printer in accordance 
With an ordinary method. Speci?cally, the folloWing solder 
ing method according to the present invention is preferred. 

[0117] The methods of soldering according to the present 
invention are a method including the steps of (A) providing 
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the ?ux composition on an electrode portion of a substrate, 
(B) providing a solder bumped electronic component, (C) 
placing the electronic component provided in step (B) on the 
substrate obtained in step (A), and (D1) subjecting the 
substrate With the electronic component obtained in step (C) 
to re?oW for mounting; a method including step (A), and 
step (D2) of supplying solder onto the substrate With the ?ux 
composition obtained in step (A), by ?oWing or dipping; and 
a method including the steps of printing the solder paste 
of the present invention on an electrode portion of a sub 
strate, (Y) placing an electronic component on the substrate 
obtained in step (X), and (Z) subjecting the substrate With 
the electronic component to re?oW for mounting. 

[0118] In the methods of soldering according to the 
present invention, each step may be performed by an ordi 
nary method under ordinary conditions, as long as the ?ux 
composition or the solder paste according to the present 
invention is used as the ?ux or the solder paste. 

[0119] In the methods of soldering according to the 
present invention, a cleaning step With Water may be per 
formed in addition to the above steps, When the Water 
cleanable ?ux composition or solder paste of the present 
invention is used in the method, Whereas no such cleaning 
step is required When the no-clean ?ux composition or 
solder paste of the present invention is used. 

[0120] Since the ?ux composition according to the present 
invention contains compound (A), Which gives a carboxylic 
acid compound of a loW molecular Weight When thermally 
decomposed, the composition has a high ?ux activity, gives 
excellent reliability to resulting joints, and may be prepared 
With a reduced amount of solvent. Further, in the solder 
paste according to the present invention, the base resin or the 
activator is excellently inhibited from being reacted With the 
solder poWder in the solder paste, Which is reduced in 
average particle siZe to keep up With the doWnsiZing of 
electronic products or ?ne pitch requirements. Thus the 
solder paste of the present invention has excellent storage 
stability, as Well as Wettability. Speci?cally, Wettability and 
storage stability of a conventional lead-free, Sn/Zn solder 
paste may be improved, Which paste has hardly been used 
practically due to its extremely poor Wettability and storage 
stability. Further, since the composition of the present inven 
tion is non-curing, and thus little or no ?ux residue occurs, 
the present composition is extremely useful for preparing, 
for example, ?uxes for soldering IC chips directly to a 
silicon Wafer, ?oWing ?uxes, and dipping ?uxes, in Which 
applications thermosetting ?uxes cannot be used. 

EXAMPLES 

[0121] The present invention Will noW be explained in 
detail With reference to examples, but the present invention 
is not limited thereto. 

[0122] In the folloWing examples, the acid number Was 
determined by dissolving a predetermined amount of resin in 
a THF solution, and titrating With a KOH/ethanol solution, 
using phenolphthalein as an indicator, in accordance With 
JIS K 0070-3 (1992). The viscosity Was measured With an 
EHD viscometer manufactured by TOKI SANGYO CO., 
LTD, at the revolution of 0.5 to 100 rpm at 25° C. for 3 
minutes. The decomposition point Was measured With “TG/ 
DTA220” manufactured by SEIKO INSTRUMENTS INC., 
at the heating rate of 10° C./min, at the nitrogen ?oW rate of 
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50 ml/min. The Weight average molecular Weight (MW) Was 
measured using a gel permeation chromatography system, 
SC-8010 (GPC) manufactured by TOSOH CORPORA 
TION, “SHODEX K-801” manufactured by SHOWA 
DENKO K.K. as a column, THF as an eluent, and a RI 
detector, and determined in terms of polystyrene standards. 

[0123] Further in the examples, “natural rosin” refers to 
“CHUGOKU ROSIN X” (trade name) manufactured by 
HARIMA CHEMICALS, INC., “hydrogenated rosin” refers 
to “PINE CRYSTAL KE-604” (trade name) manufactured 
by ARAKAWA CHEMICAL INDUSTRIES, LTD., 
2-EHVE refers to 2-ethylhexyl vinyl ether, n-PVE refers to 
n-propyl vinyl ether, n-BuVE refers to n-butyl vinyl ether, 
TEGDVE refers to triethylene glycol divinyl ether, 1,4 
BDDVE refers to 1,4-butanediol divinyl ether, PMA refers 
to propylene glycol monomethyl ether acetate, “RIKACID 
MH-700” (trade name) refers to a mixture of hexahydro 
phthalic anhydride and methylhexahydrophthalic anhydride 
manufactured by NEW JAPAN CHEMICAL CO., LTD., 
HEVE refers to hydroxyethyl vinyl ether, HBVE refers to 
hydroxybutyl vinyl ether, DEGMVE refers to diethylene 
glycol monovinyl ether, the acid catalyst is a Zinc complex 
prepared by reacting Zinc octylate and triethanol amine at an 
equal molar ratio, “EPIOL SK” (trade name) refers to stearyl 
glycidyl ether manufactured by NOF CORPORATION, 
DEGHE refers to diethylene glycol hexyl ether, BCA refers 
to butyl carbitol acetate, PEG refers to polyethylene glycol, 
and TEG refers to triethylene glycol. 

Synthesis Example 1 

[0124] 321 g of natural rosin and 209 g of 2-EHVE Were 
placed in a four-neck ?ask of 1 liter capacity equipped With 
a thermometer, a re?ux condenser, and a stirrer. The mixture 
Was heated from an ordinary temperature to 120° C. over 30 
minutes, and reacted at 120° C. for 2.5 hours. When the acid 
number Was con?rmed to be not higher than 5 mgKOH/g, 
the reaction Was terminated. Then unreacted 2-EHVE Was 
distilled off With a rotary evaporator, to obtain a clear broWn 
rosin derivative (R-1) having a viscosity of 6.8 poise. The 
composition and the reaction conditions, as Well as the 
obtained amount, yield, acid number, viscosity, and decom 
position point of the rosin derivative (R-1) are shoWn in 
Table 1. 

Synthesis Examples 2 to 4 

[0125] Rosin derivative (R-2) and vinyl ether-blocked 
adipic acid (A-1) and (A-2) Were prepared in the same Way 
as in Synthesis Example 1, except that the composition and 
the reaction conditions Were changed as shoWn in Table 1. 
The properties of (R-2), (A-1), and (A-2) are shoWn in Table 
1. 

TABLE 1 

Syn. 1 Syn. 2 Syn. 3 Syn. 4 

Product (code) (R-1) (R-2) (A-1) (A-2) 
Composition Natural rosin 321 — — — 

in parts by Hydrogenated rosin — 502 — — 

Weight Adipic acid — — 260 — 

2,4-diethylglutaric — — — 309 

acid 
2-EHVE 209 — — — 

n-PrVE — — 267 — 
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TABLE 3-continued 

Syn. 1 Syn. 2 Syn. 3 Syn. 4 Syn. 7 Syn. 8 Syn. 9 Syn. 10 

n-BuVE — — — 491 1,4-BDDVE 67.5 — 29.0 29.3 

TEGDVE — 298 — — PMA — 30.0 20.0 20.0 

Reaction Temperature (° C.) 120 100 100 100 Yield (%) 63.0 61.9 62.8 61.5 
conditions Duration (hrs) 2.5 2.0 2.5 4.0 Acid number (mgKOH/g) 9.3 8.5 3.2 4.3 
Amount obtained (g) 325 504 312 400 Viscosity (Pa - s) 3.4 5.5 6.0 4.8 
Yield (%) 61 63 59 50 Decomposition point (° C.) 224.0 243.7 239.3 239.9 
Acid number (mgKOH/g) 4.5 3.9 2.1 2.5 Weight average molecular Weight 13000 60200 9700 11400 
Viscosity (pois) 6.8 1.5 0.1 0.8 (MW) 
Decomposition point (° C.) 193 236 165 188 

Synthesis Examples 5 and 6 

[0126] Monomers having a composition shoWn in Table 2 
Were placed in a four-neck ?ask equipped With a thermom 
eter, a re?ux condenser, and a stirrer. The mixture Was stirred 
into homogeneity at 60° C., heated to 140° C., and kept 
reacting at this temperature. When not less than 98% of the 
reaction had been completed, Which Was con?rmed by 
measuring the half acid number and the total acid number of 
the resin, the reaction Was terminated. Then, the solvent Was 
removed from the reaction product under reduced pressure, 
to obtain a half ester compound of diol and an acid anhy 
dride, i.e., a derivative of dicarboxylic acid half ester (H-1) 
and (H-2). 

TABLE 2 

Syn. 5 Syn. 6 

Product (code) (H-1) (H-2) 
Composition in Succinic anhydride 58.3 48.9 
parts by Weight Ethylene glycol 21.7 — 

Diethylene glycol — 31.1 
Methyl ethyl ketone 20.0 20.0 

Synthetic Examples 7 to 10 

[0127] Monomers having a composition shoWn in Table 3 
Were placed in a four-neck ?ask equipped With a thermom 
eter, a re?ux condenser, and a stirrer. The mixture Was 
heated from an ordinary temperature to 120° C. over 30 
minutes, and kept reacting at 120° C. When the acid number 
after mixing became not more than 10 mgKOH/g, or the 
infrared absorption spectrum at 3543 cm“1 corresponding to 
the hydroxyl group in the carboxyl group disappeared, the 
reaction Was terminated. After the termination of the reac 
tion, unreacted divinyl ether and the solvent Were distilled 
off With a rotary evaporator, to obtain a polyhemiacetal ester 
resin (P-1) to (P-4). The properties of these resins are shoWn 
in Table 3. 

TABLE 3 

Syn. 7 Syn. 8 Syn. 9 Syn. 10 

Product code (P-1) (P-2) (P-3) (P-4) 
Starting Adipic acid 32.5 — — — 

Material 2,4-diethylglutaric — 30.6 — — 

Composition acid 
in parts by (H-1) — — 51.0 — 

Weight (H-2) — — — 50 7 

TEGDVE — 39.4 — 

Synthesis Examples 11 to 14 

[0128] Monomers having a composition shoWn in Table 4 
Were placed in a four-neck ?ask equipped With a thermom 
eter, a re?ux condenser, and a stirrer. The mixture Was 
heated from an ordinary temperature to 110-120° C. over 30 
minutes, and reacted at 110 to 120° C. for 4 hours. When the 
acid number after mixing Was con?rmed to be not more than 
20 mgKOH/g, the reaction Was terminated. Then the poly 
mer component Was puri?ed by reprecipitation With a hex 
ane/acetone (9/1 in volume ratio) mixed solvent. After the 
solvent Was distilled off of the mixed solution With a rotary 
evaporator, the reaction product Was vacuum dried With a 
vacuum pump, to obtain a clear, light yelloW resin having 
the properties shoWn in Table 4. 

TABLE 4 

Syn. 11 Syn. 12 Syn. 13 Syn. 14 

Product code (S-1) (S-2) (S-3) (S-4) 
Composition Succinic anhydride 24.3 22.2 19.2 — 
in parts by RIKACID MH-700 — — — 34.2 

Weight HEVE 63.7 — — 35.8 

HBVE — 51.6 — — 

DEGMVE — — 50.8 — 

PMA 12.0 26.2 30.0 30.0 
Yield (%) 59.7 56.8 55.6 45.9 
Acid number (mgKOH/g) 15.3 12.1 17.5 15.3 
Viscosity (pois) 358 337 306 5200 
Decomposition point (° C.) 203 202 216.1 227.1 
Weight average molecular Weight 4900 8900 5400 6300 
(MW) 

Examples 1-1 to 1-9 

[0129] A ?ux having a composition shoWn in Table 5 Was 
prepared, using each blocked carboxylic acid compound 
prepared in Synthesis Examples. The obtained ?ux Was 
evaluated by the folloWing testing and evaluating methods. 
The results are shoWn in Table 5 

[0130] <Evaluation of Solder Ball Spread> 

[0131] Solder ball spread Was measured in accordance 
With the measuring method shoWn in FIG. 1. That is, solder 
ball 10a having a diameter of 0.-76 mm and ?ux 10b to be 
measured Were placed on thick ?lm Cu conductor 11 (FIG. 
1(a)), and re?oWed at the peak temperature in the atmo 
sphere (FIG. 1(b)). The diameter of the resulting, spread 
solder ball Was determined in percentage to the average 
value Z. Here, the solder ball does not alWays spread evenly 
as shoWn in FIG. 1(a), so that the average value of spread 
Z (Z=(X+Y)/2) Was calculated, and the spread Was deter 
mined as ((Z—0.76)/0.76)><110 (%). 
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[0132] The solder balls used here Was manufactured by 
MITSUI MINING & SMELTING CO., LTD. Evaluation of 
solder ball spread (1) (referred to as evaluation (1) herein 
beloW) Was made using Sn63/Pb37 (Weight ratio) solder 
balls With the peak temperature of 220° C., evaluation (2) 
Was made using Sn/Ag2.9/Cu0.5 (Weight ratio) solder balls 
With the peak temperature of 240° C, and evaluation (3) Was 
made using Sn/Zn8.0/Bi3.0 (Weight ratio) solder balls With 
the peak temperature of 230° C. 

[0133] <Evaluation of Cleanability of Residue>The ?ux 
Was applied to a 50 mm><50 mm><1.6 mm comb-shaped 
substrate having a conductor Width of 0.318 mm, a conduc 
tor spacing of 0.318 mm, and an overlap length of 15.75 
mm. After the re?oW, the substrate Was soaked in D-li 
monene or deionized Water adjusted to 30° C. for 5 minutes 
in ultrasonic Waves, and dried. The substrate Was visually 
observed, and the degree of residue Was evaluated on three 
levels; (a) no residue Was observed visually, (b) slight 
residue Was observed, and (c) residue Was clearly observed. 
The evaluation With D-limonene Was identi?ed as cleanabil 
ity (1), and that With deioniZed Water as cleanability 

[0134] <Evaluation of Insulation Performance> 

[0135] An insulation resistance test Was conducted in 
acclordance With 115 Z 3197. Resistance of not loWer than 
10 Q Was indicated as (a), resistance not loWer than 109 Q 
and loWer than 1011 Q Was indicated as (b), and resistance 
loWer than 109 Q Was indicated as 

TABLE 5 
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TABLE 5-continued 

F amnle 

1-1 1-2 1-3 1-4 1-5 1-6 1-9 

(A-2) — — 5 5 — — 5 5 

Castor — 6 

Wax 

Acid 
catalyst 
EPIOL SK 
Methyl 
ethyl 
ketone 
DEGHE ————70 70— — — 

BCA — 70 70 70 — — 70 70 65 

Evaluation 85 85 90 89 89 89 89 90 89 

(1) <%) 
Evaluation 82 82 85 83 87 87 82 83 85 

(2) <%) 
Evaluation 12 15 80 8 85 85 11 12 80 

(3) <%) 
clean- (a) (a) (a) (a) (a) (a) (a) (a) (a) 
ability (1) 
Insulation (a) (a) (a) (a) (a) (a) (a) (a) (a) 
Perfor 
mance 

Result of 
Evaluation 

Examples 1-10 to 1-17 

[0136] A ?ux having a composition shoWn in Table 6 Was 
prepared, using each blocked carboxylic acid compound 
prepared in Synthesis Examples. The obtained ?ux Was 
evaluated in the same Way as in Examples 1-1 to 1-9. In 

F amnle Examples 1-14 and 1-17, the folloWing evaluation of residue 
1_1 1_2 1_3 1_4 1 5 1 6 1 7 1_8 1_9 after re?oW Was made in stead of the evaluation of cleanabil 

ity. The results are shoWn in Table 6. 
Composition (R-1) 16 72 — — — — — — — ~ ~ 

in parts by (R-2) — — 25 — — — 10 10 10 [0137] <Evaluation of Res1due after Re?oW>The ?ux Was 

Welght (P4) 18 18 — — — — — — — applied to a substrate similar to the comb-shaped substrate 

: : : g g : 15 15 15 used in the evaluation of cleanability, and subjected to 
(S_2) _ _ _ _ _ 25 _ re?oW. Then the substrate Was visually observed, and the 

(A-l) — 5 5 — — — degree of residue Was evaluated on three levels as in the 

evaluation of the cleanability. 

TABLE 6 

F amnle 

1-10 1-11 1-12 1-13 1-14 1-15 1 16 1-18 

Composition (P-3) 90 — — — — — — — 

in parts by (P-4) — 90 — — — — — — 

Weight (5-1) — — 25 — — 25 25 — 

(5-3) _ _ 25 _ _ _ _ 

(5-4) — — — 25 — — 25 

(A-l) 10 10 5 5 5 5 5 5 
PEG4000 — — — — 10 — — 

Acid catalyst — — — — — — 0.1 0.1 

TEG — — 70 70 — 6O 70 — 

PMA — — — — 70 — — 70 

Result of Evaluation (1) (‘70) 86 85 89 85 89 85 89 89 
Evaluation Evaluation (2) (‘70) 81 80 87 84 89 85 87 89 

Evaluation (3) (‘70) 12 15 80 8 85 85 11 12 
Residue after 
refloW 
Cleanability (2) 
Insulation 
Performance 

(11) 
(a) 

(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
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Comparative Examples 1-1 to 1-7 

[0138] A ?ux Was prepared using commercially available 
materials at a predetermined ratio as shoWn in Table 7. The 
obtained ?ux Was subjected to the same evaluations as in 
Examples 1-1 to 1-17. The results are shoWn in Table 7. 

TABLE 7 

Comparative Example 

1-1 1-2 1-3 1-4 1-5 1-6 1-7 

Composition Natural rosin 12 — 13 13 — — — 

in parts by Polymerized rosin 5 25 12 12 — — — 

Weight Hydrogenated rosin 2 — — — — — — 

PEG4000 — — — — 5O — — 

Glycerine — — — — — 50 100 

Adipic acid 5 5 5 — 5 — 

Propylamine-HBr — — — 1 — 5 — 

2-Propanol 77 7O 7O 74 — — — 

TEG — — — — 45 45 — 

Result of Evaluation (1) (%) 85 85 84 86 75 77 60 
Evaluation Evaluation (2) (%) 82 76 72 8O 65 6O 46 

Evaluation (3) (%) 1O 1O 13 2O 5 5 O 
Residue after — — _ _ _ _ (a) 

refloW 
Cleanability (1) (a) (a) (a) (a) — — — 
Cleanab1l1ty(2) — — — — (a) — 

i’nslglation (a) (b) (b) (C) (b) (a) (‘69 

Examples 2-1 to 2-23 

[0139] A solder paste Was prepared by kneading a ?ux 
having a composition shoWn in Tables 8 and 9 With ?ne pitch 
solder poWder (solder poWder type (1) (Sn63/Pb37 (Weight 
ratio))), solder poWder type (2) (Sn/Ag2.9/Cu0.5 (Weight 
ratio)), or solder poWder type (3) (Sn/Zn8/Bi3 (Weight 
ratio)), having an average particle siZe of 25 pm and 
manufactured by MITSUI MINING AND SMELTING CO., 
LTD. The obtained solder paste Was evaluated for Wettabil 
ity, solder ball test, void formation, insulation performance, 
storage stability, and cleanability of residue. The results are 
shoWn in Tables 8 and 9. 

[0140] <Evaluation of Wettability> 

[0141] The test Was conducted in accordance With JIS Z 
3284, Appendix 10. The evaluation Was made on the fol 
loWing 1 to 4 scale of spread. 

[0142] 1: Solder melted from the solder paste Wetted the 
test plate, so that the solder spread into the area that Was 
larger than the area to Which the solder paste Was 
originally applied. 

[0143] 2: The Whole area to Which the solder paste Was 
originally applied Was Wet With solder. 

[0144] 3: Most of the area to Which the solder paste Was 
originally applied Was Wet With solder (including the 
deWetted state). 

[0145] 4: No Wetting of the test plate With solder Was 
observed, and the molten solder formed one or more 

solder balls (non-Wetted state). 
[0146] <Solder Ball Test (Degree of Solder Coalescence)> 

[0147] The test Was conducted in accordance With JIS Z 
3284, Appendix 11. The evaluation Was made on the fol 
loWing 1 to 4 scale of spreading. 
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[0148] 1: Solder poWder Was molten to form one large 
ball, Without any solder balls therearound. 

[0149] 2: Solder poWder Was molten to form one large 
ball, With not more than three solder balls having a 
diameter of not larger than 75 pm arranged there 
around. 

[0150] 3: Solder poWder Was molten to form one large 
ball, With not less than four solder balls having a 
diameter of not larger than 75 pm arranged therearound 
but not in a semi-continuous halo. 

[0151] 4: Solder poWder Was molten to form one large 
ball, With a number of smaller solder balls arranged 
therearound in a semi-continuous halo. 

[0152] 5: Other than 1 to 4. 

[0153] <Evaluation of Void Formation (Reliability of 
Joint)> 
[0154] The solder paste Was printed on a 60 mm2 copper 
plate in six 6 mm-diameter patterns through a metal mask of 
150 pm thick, and re?oWed under an air atmosphere. Then 
the copper plate With the solder Was cut With a cutter, and the 
soldered portion Was observed under a microscope for void 
formation. The six patterns Were measured for voids of 10 
pm or larger. The solder pastes having the average number 
of voids of less than tWo per pattern Were indicated as 
passed, and those having the average number of voids of tWo 
or more per pattern Were indicated as failed. 

[0155] <Insulation Performance> 

[0156] An insulation resistance test Was conducted in 
acclordance With JIS Z 3284. Resistance of not loWer than 
10 Q Was indicated as (a), resistance not loWer than 109 Q 
and loWer than 1011 Q Was indicated as (b), and resistance 
loWer than 109 Q Was indicated as 

[0157] <Evaluation of Storage Stability> 

[0158] An accelerated test Was conducted by storing the 
produced solder paste at 25° C. for 7 days, and evaluation 
Was made based on the ratio of the viscosity of the paste 
immediately after production to the viscosity after the accel 
erated test as an index. The conditions of the accelerated test 
generally correspond to cold storage at 5° C. for three 
months. The viscosity Was measured using a spiral viscom 
eter manufactured by MALCOM CO., LTD. under the 
conditions for the spiral method in accordance With JIS Z 
3284. 

[0159] <Evaluation of Cleanability of Residue> 

[0160] The solder paste Was applied to a 50 mm><50 
mm><1.6 mm comb-shaped substrate having a conductor 
Width of 0.318 mm, a conductor spacing of 0.318 mm, and 
an overlap length of 15.75 mm. After the re?oW, the sub 
strate Was soaked in a cleaning liquid adjusted to 30° C. for 
5 minutes in ultrasonic Waves, and dried. The substrate Was 
visually observed, and the degree of residue Was evaluated 
on three levels. The oscillating frequency of the ultrasonic 
Waves Was 38 kHZ. 

[0161] The substrates With no residue observed visually 
Were indicated as (a), those With slight residue observed 
Were indicated as (b), those With residue clearly observed 
Were indicated as The evaluation With D-limonene Was 

identi?ed as cleanability (1), that With deioniZed Water as 
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cleanability (2), and that with deionized water/isopropanol 
(80/20 by volume ratio) as cleanability 

[0162] <Evaluation of Residue after Re?ow>The solder 
paste was applied to a substrate similar to the comb-shaped 
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substrate used in the evaluation of cleanability, and sub 
jected to re?ow. Then the substrate was visually observed, 
and the degree of reside was evaluated in the same way as 

in the evaluation of the cleanability. 

TABLE 8 

F amnle 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 

Flux (R-l) 6 6 6 _ _ _ _ _ _ _ _ 

composition (R-2) — — — 6 — — — — — 2 

in parts (P-1) 2 — — — — — — — — — — 

by (P-2) _ _ _ _ 6 _ _ _ _ _ _ _ 

weight (S-1) — — — — — 7 7 7 — 5 5 5 

(s-2) _ _ _ _ _ _ _ _ 7 _ _ _ 

(A-l) _ 2 2 _ _ 0.5 0 5 0.5 0.5 _ _ _ 

(A-2) _ _ _ 2 2 _ _ _ _ 1 1 1 

Castor waX 0.8 0.8 0.8 — — — — — — — — — 

Hydrogenated — — 1 — 1 1 1 1 1 1 1 

castor oil 
Acid catalyst — — — — — — — — — 0.1 0.1 0.1 

EPIOL SK — — — — — — — — — — — 1 

Benzotriazole — — — — — — — — — 0.5 0.5 0.5 

2-Propanol 1.2 1.2 1.2 — — — — — — — — — 

DEGHE — — — — — 2 2 2 2 — — — 

BCA — — — 1 1 — — — — 1 1 — 

Type of solder powder (2) (3) (1) (2) (2) (1) (2) (3 (3) (2) (3) (2) 
Amount of solder powder 90 90 90 90 90 90 90 90 90 0 90 90 
(parts by weight) 
Result of Wettability 1 2 2 1 1 1 1 1 1 1 1 1 
Evaluation Solder ball test 1 1 1 1 1 1 1 1 1 1 1 1 

Void formation passed passed passed passed passed passed passed passed passed passed passed passed 
Insula- Initial (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) 
rion After 100 (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) 
Perfor- hrs 
mance 

Storage Initial 230 235 245 231 236 480 500 520 550 225 230 229 
stability After 100 240 236 249 235 238 490 520 550 570 226 235 235 
(Pa - s) hrs 

Viscosity 1.04 1.01 1.02 1.02 1.01 1.02 1.04 1.06 1.04 1.00 1.02 1.03 
Increase 
Ratio 

Residue cleanability (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) 
(1) 

[0163] 

TABLE 9 

F amnle 

2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 

FluX (P-3) 8.5 8.5 8.5 — — — — — — — 

composition in (S-2) — — — 7 7 — — 6 6 6 

parts by weight (S-3) — — — — — — 7 — — — — 

(S-4) — — — — — — 7 — — — 

(A-1) 1 1 1 0.5 0.5 0 5 0.5 0.5 0.5 0.5 0.5 
PEG 4000 0.5 0.5 0.5 — — — — — — — — 

PEG 6000 — — — 1 1 1 1 — 1 1 1 

Trimethylolpropane — — — — — — — 1 — — — 

Acid catalyst — — — — — — — — 0.1 0.1 0.1 

Benzotriazole — — — — — — — — 0.5 0.5 0.5 

TEG — — — 2 2 2 2 — 2 2 2 

Butyl carbitol — — — — — — — 2 — — — 

Type of solder powder (1) (2) (3) (1) (2) (3) (2) (2) (1) (2) (3) 
Amount of solder powder 90 90 90 90 90 90 90 90 90 90 90 
(parts by weight) 
Result of Wettability 1 1 1 1 1 1 1 1 1 1 1 
Evaluation Solder ball test 1 1 1 1 1 1 1 1 1 1 1 

Void formation passed passed passed passed passed passed passed passed passed passed passed 
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TABLE 9-continued 

F amnle 

2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 

Insulation Initial (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) 
Performance After 100 hrs (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) (a) 
Storage Initial 230 235 245 400 430 470 490 395 225 230 229 
stability After 100 hrs 240 236 249 420 460 500 520 420 226 235 235 
(Pa ' s) Viscosity 1.04 1.01 1.02 1.05 1.07 1.06 1.06 1.06 1.00 1.02 1.03 

Increase 
Ratio 

Residue after refloW 
Residue cleanability (1) (a) (a) (a) (a) (a) (a) (a) (a) 

(a) 

Comparative Examples 2-1 to 2-9 

[0164] A solder paste Was prepared by mixing and knead 
ing commercially available materials and one of the various 
solder powders at a predetermined ratio as shoWn in Table 
10. The obtained solder paste Was subjected to the same 
evaluations as in Examples 2-1 to 2-23. The results are 
shoWn in Table 10. 

[0165] Incidentally, the viscosity after 100 hours as evalu 
ation of the storage stability in Comparative Examples 2-4 
and 2-7 Was too high to be measured. 

the Wiring using a high precision mounter. Electrodes of the 
?ip chip IC 23 Were formed by soldering Sn/Ag3.0/Cu0.5 
(Weight ratio) on Cu bumps. After the mounting, the assem 
bly Was subjected to re?oW in the air at the peak temperature 
of about 245° C. As a result, all of the ?uxes provided good 
soldering even at such a ?ne pitch as 250 pm. 

Example 3-2 

[0167] An Example of a soldering method by means of 
How soldering in a How process is shoWn in FIG. 3. 
Shrink-type IC 31 having terminal 1a, chip component 32 

TABLE 10 

Comparative E amnle 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 

Flux composition Natural rosin 2.5 — — — — — — — — 

in parts by Weight PolymeriZed rosin 2.5 6 6 6 — — — — 

PEG 1000 — — — — 6 6 6 — — 

Tetraethylene glycol — — — — — — — 9 — 

Glycerine — — — — — — — — 9 

Adipic acid 0.6 1 1 1 1 1 1 — — 
Castor Wax 0.8 — — — — — — — — 

Hydrogenated castor oil 1 1 1 — — — — — 

Hydroxyethyl cellulose — — — — 1 1 1 — — 

Trimethylol propane — — — — — — — 1 1 

DEGHE 3.5 2 2 2 — — — — — 

TEG — — — — 2 2 2 — — 

Type of solder poWder (2) (1) (2) 3 (1) (2) (3) 2 (2) 
Amount of solder poWder 90 90 90 90 90 90 90 90 90 
(parts by Weight) 
Result of Evaluation Wettability 1 1 2 4 2 3 4 4 4 

Solder ball test 2 2 4 5 3 4 5 5 5 
Void formation passed passed failed failed failed failed failed failed failed 
Insulation Initial (b) (b) (b) (b) (b) (a) (a) 
Performance After 100 hrs (b) (b) (b) (b) (b) (a) (a) 
Storage Initial 400 400 450 500 420 470 530 390 420 
stability After 100 hrs 490 490 610 — 490 670 — 420 450 

(Pa - s) Viscosity 1.02 1.02 1.04 — 1.17 1.43 — 1.08 1.07 

Increase 
Ratio 

Residue after refloW — — — — — — — (a) (a) 

Residue cleanability (1) (b) (a) (a) — — — — — — 

Residue cleanability (3) — — — — (b) — — — 

Example 3-1 

[0166] As shoWn in FIG. 2, each ?ux 21 prepared in 
Examples 1-1 to 1-17 Was applied thinly to a Wiring pattern 
formed on ceramic substrate 20 With Cu conductor 21 at 250 
pm pitch. Flip chip IC 23 provided With solder bumps 22 at 
250 pm pitch (provided With 224 bumps) Was mounted on 

such as a ceramic capacitor having electrodes 2a, and circuit 
component 33 having component terminals 33a Were tem 
porarily bonded to substrate 30 as shoWn in FIG. 3(a), and 
each ?ux prepared in Examples 1-1 to 1-17 Was applied over 
the entire rear surface of the substrate 30. Then the substrate 
30 Was subjected to pre-heating step at about 150° C., passed 
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through a How soldering chamber to be brought into contact 
With a molten solder at about 240° C., and dried With a fan. 
As a result, each connecting terminal of the components of 
the circuit Was excellently soldered With solder 34 by How 
soldering as shoWn in FIG. 3(b). 

Example 3-3 

[0168] The ?ux prepared in Example 1-17 Was applied to 
Wiring of aAg- or Cu-based thick ?lm provided on a ceramic 
substrate. As illustrated in FIG. 4, substrate 40 Was verti 
cally immersed into vessel 41 containing molten solder 41a 
of a composition Sn/Ag2.0/Pb36.0 (Weight ratio) maintained 
at about 235° C. After about tWo-second immersion, the 
substrate 40 Was draWn out of the molten solder at an angle 
of about 45 degrees With respect to the liquid level, With a 
little material left on its surface. Subsequently, the substrate 
40 Was again vertically immersed in the vessel 41 for about 
three seconds, and sloWly draWn out at an angle of about 45 
degrees With respect to the liquid level. With some materials, 
little ?ux remained on the substrate surface, and the solder 
Was excellently applied to the substrate 40 thus dipped, 
irrespective of the shape and siZe of the lands thereon. Even 
if remained, the material Was in a trace amount, and remov 
able With ethanol or the like, or decomposed and evaporated 
in the subsequent mounting of the components and re?oW, 
leaving no residue in the end. Thus no-clean soldering Was 
realiZed. 

[0169] The results of thermogravimetric analysis of (S-4) 
and (A-1) used in the ?ux prepared in Example 1-17 are 
shoWn in FIG. 5. From this ?gure, it is understood that (S-4) 
and (A-1) reached 100% Weight loss near 250° C., and thus 
the ?ux With these materials leaves substantially no residue 
after re?oW. 

Example 3-4 

[0170] Each solder paste prepared in Examples 2-1 to 2-23 
Was printed on desired positions on Wiring provided on a 
substrate, and an LSI, a chip resistor, and a chip capacitor 
Were placed on the solder paste. The assembly Was heated 
With a re?oW heat source for soldering. Ahot blast stove Was 
used as the re?oW heat source. With the Sn63/Pb37 (Weight 
ratio) solder paste, the re?oW conditions included the pre 
heat temperature of 130° C., the pre-heating duration of 65 
seconds, the top temperature of 220° C., and the holding 
time at 200° C. or higher of 30 seconds. With the Sn/Ag2.9/ 
Cu0.5 (Weight ratio) solder paste, the re?oW conditions 
included the pre-heat temperature of 150 to 170° C., the 
pre-heating duration of 110 seconds, the top temperature of 
245° C., and the holding time at 200° C. or higher of 50 
seconds. With the Sn/Zn8.0/Bi3.0 (Weight ratio) solder 
paste, the re?oW conditions included the pre-heat tempera 
ture of 140 to 160° C., the pre-heating duration of 65 
seconds, the top temperature of 230° C., and the holding 
time at 200° C. or higher of 30 seconds. After the re?oW, the 
substrate Was cooled. It Was observed that the re?oW sol 
dering Was in success. 

What is claimed is: 
1. A soldering ?ux composition comprising at least one 

compound having at least one blocked carboxyl group 
selected from the group consisting of: 

compound obtained by reaction of a carboxylic acid 
compound and a vinyl ether compound; 
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compound (Y) obtained by reaction of a carboxylic acid 
anhydride compound and a hydroxy vinyl ether com 
pound; and 

compound (Z) obtained by reaction of an acid anhydride 
and a polyhydric alcohol, folloWed by addition poly 
meriZation With a divinyl ether compound; 

Wherein said soldering ?ux composition is non-curing. 
2. The composition of claim 1, Wherein said compound 

(X) has an acid number of not larger than 5 mgKOH/g, said 
compound (Y) has an acid number of not larger than 20 
mgKOH/g and a Weight average molecular Weight of 300 to 
100000, and said compound (Z) has an acid number of not 
larger than 10 mgKOH/g and a Weight average molecular 
Weight of 500 to 500000. 

3. The composition of claim 2, Wherein said compound 
(X) is at least one compound selected from the group 
consisting of compounds represented by the formulae (1) 
and (2), said compound (Y) is a compound represented by 
the formula (3), and said compound (Z) is a compound 
represented by the formula (4): 

ll 
0 

<2) 

Wherein in the formula (1), x is an integer of 1 to 6, A1 stands 
for a carboxyl acid residue Without —(COO—)X, and Z1 
stands for the formula (1-1) or (1-2): 

(1-1) 

(1-2) 

Wherein R1, R2, R3, R5, and R6 each independently stands 
for a hydrogen atom or an organic group having 1 to 50 
carbon atoms, R4, R7, and R8 each independently stands for 
an organic group having 1 to 50 carbon atoms, and Y1 and 
Y2 each independently stands for an oxygen or sulfur atom; 
in the formula (2), A2stands for a carboxylic acid residue 
Without —(COO—)m, Y3 and Y4 each independently stands 
for an oxygen or sulfur atom, R9 stands for an organic group 
having 1 to 50 carbon atoms, m is an integer of 1 to 6, and 
n is an integer of 0 to 5; 
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(3) 
o 0 CH3 

II II 

wherein R10 stands for a substituted or unsubstituted diva 
lent aliphatic or aromatic group having 1 to 50 carbon atoms, 
R11 stands for a divalent hydrocarbon group or glycol 
residue having 1 to 50 carbon atoms, Y5 stands for an 
oxygen or sulfur atom, and s is an integer of 1 to 500; 

(4) 
o o o 0 CH3 CH3 

Wherein R12, R13, and R14 each independently stands for a 
divalent organic residue, Y6 stands for an oxygen or sulfur 
atom, and t is an integer of 1 to 500. 

4. The composition of claim 1 further comprising at least 
one member selected from the group consisting of a latent 
heat catalyst, a photocatalyst, an activator, a thixotropic 
agent, an antioxidant, a rust preventive agent, and a solvent. 

5. The composition of claim 1 further comprising a 
compound having one reactive functional group in a mol 
ecule capable of forming a chemical bond With a carboxyl 
group upon heating. 

6. A solder paste comprising a ?ux composition of claim 
1 and solder poWder. 

7. A method of soldering comprising the steps of: 

(A) providing a ?ux composition of claim 1 on an 
electrode portion of a substrate; 

(B) providing a solder bumped electronic component; 

(C) placing said electronic component provided in step 
(B) on said substrate obtained in step (A); and 

(D1) subjecting the substrate With the electronic compo 
nent obtained in step (C) to re?oW for mounting. 

8. A method of soldering comprising the steps of: 

(A) providing a ?ux composition of claim 1 on an 
electrode portion of a substrate; and 

(D2) supplying solder onto the substrate With the ?ux 
composition obtained in step (A), by ?oWing or dip 
ping. 

9. A method of soldering comprising the steps of: 

(X) printing a solder paste of claim 3 on an electrode 
portion of a substrate; 

(Y) placing an electronic component on said substrate 
obtained in step and 

(Z) subjecting said substrate With the electronic compo 
nent obtained in step (Y) to re?oW for mounting. 

* * * * * 
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