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(57) ABSTRACT 
Disclosed are a solder and a solder paste used for soldering 
an electronic part to a circuit board. This solder comprises 
2.0 to 3.5 Wt % ofAg, 5 to 18 Wt % of Bi and Sn for the rest. 
Alternatively, it further contains at least one element 
selected from the group consisting of 0.1 to 1.5 Wt % of In, 
0.1 to 0.7 Wt % of Cu and 0.1 to 10 Wt % of Zn. 
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SOLDER, SOLDER PASTE AND SOLDERING 
METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to a solder, a solder 
paste and a soldering method used in soldering an electronic 
circuit board. 

BACKGROUND ART 

[0002] In recent years, doWnsiZing of an electronic part 
and high density mounting of such part have been advanced 
rapidly in the technology for mounting an electronic part to 
an electronic circuit board. As a result, there has been a rapid 
and increasing demand for a solder material to facilitate an 
advanced bonding and the like of an electronic part With 
narroW pitching and sufficient strength. In addition, While 
there is a groWing concern to the environment, a move to 
implement legal regulations for the disposal of industrial 
Wastes such as electronic circuit board has been observed. 

[0003] In the folloWing, one example of a conventional 
solder material Will be described referring to the draWings. 
FIG. 3 shoWs the microstructure of the conventional solder 
alloy and the microstructure at the bonding interface 
betWeen the conventional solder material and a copper land. 
In FIG. 3, numeral 1 designates an ot-solid solution With an 
Sn-rich phase. Numeral 2 designates a [3-solid solution With 
a Pb-rich phase. Numeral 3 designates an intermetallic 
compound Whose composition is Cu3Sn. Numeral 4 desig 
nates another intermetallic compound Whose composition is 
Cu6Sn5. Numeral 5 designates a Cu land. 

[0004] The conventional solder as shoWn above used to be 
an eutectic alloy of Sn and Pb, Which is composed of 63% 
by Weight of Sn and 37% by Weight of Pb and Whose eutectic 
point is 183° C. In addition, the alloy had a microstructure 
Where the ot-solid solution 1 and the [3-solid solution 2 are 
in the lamellar state. Moreover, the intermetallic compounds 
4 and 5 Were formed on the solder/copper land bonding 
interface. 

[0005] In recent years, from the standpoint of environ 
mental protection, it has been under rapid progress in the 
World to regulate the use of lead Which is a poisonous 
substance contained in the solder material (Sn-Pb alloy). The 
conventional solder material had a problem that upon expo 
sure to acid-rain of a Waste of a printed circuit board With 
soldering of the conventional solder material, there occurs 
voluminous elution of the poisonous substance lead, Whose 
toxicity induces adverse effects on the human body of 
neuropathy and the like. The conventional solder material 
had also another problem that since it has a lamellar struc 
ture in its alloy, the microstructure is thickened upon expo 
sure to a high-temperature environment and a slip occurs on 
the microstructural interface of the solder upon application 
of a force on the solder, inducing crack development 
thereon. Moreover, the conventional solder material had still 
another problem that at soldering and under the high 
temperature environment, double-layered hard and fragile 
intermetallic compounds Will groW on the solder/copper 
land bonding interface, inducing crack development on the 
bonding interface. 
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DISCLOSURE OF THE INVENTION 

[0006] In vieW of the above-mentioned problems, the 
present invention is aimed at a provision of a solder Which 
is free from lead, has a pulveriZed alloy structure and 
develops no cracks thereon. 

[0007] The present invention is also aimed at a provision 
of a solder Which has been suppressed With respect to the 
groWth of intermetallic compounds on the solder/copper 
land bonding interface and is excellent in the high tempera 
ture resistance. 

[0008] The present invention further provides a solder 
paste using such solder, and a soldering method using the 
solder paste. 

[0009] The present invention provides a solder comprising 
2.0 to 3.5 Wt % ofAg, 5 to 18 Wt % of Bi and Sn for the rest. 

[0010] The present invention also provides a solder com 
prising 2.0 to 3.5 Wt % of Ag, 5 to 18 Wt % of Bi and further 
at least one element selected from the group consisting of 
0.1 to 1.5 Wt % of In, 0.1 to 0.7 Wt % of Cu and 0.1 to 10 
Wt % of Zn, along With Sn for the rest. 

[0011] The solder paste in accordance With the present 
invention is composed of a poWder of the above-mentioned 
solder and a ?ux. 

[0012] Herein, the ?ux is composed of at least rosin, an 
activator, a thixotropic agent and a solvent. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0013] FIG. 1 is a chart shoWing a re?oW pro?le of one 
example in accordance With the present invention. 

[0014] FIG. 2 is a picture shoWing a microstructure of a 
solder alloy of one example in accordance With the present 
invention. 

[0015] FIG. 3 is a picture shoWing the microstructure of 
the conventional solder alloy and the microstructure on the 
solder/copper land bonding interface. 

BEST MODE FOR EMBODYING THE 
INVENTION 

[0016] The lead-free solder in accordance With the present 
invention Whose essential component is Sn further includes 
2.0 to 3.5 Wt % of Ag and 5 to 18 Wt % of Bi. 

[0017] By an addition of Ag, it is possible to obtain a 
solder With a ?ne microstructure Which is excellent in heat 
resistance, such as resistance against thermal embrittleness. 
When the content of Ag is beloW 2.0 Wt %, a sufficient 
improving effect on the heat resistance is not obtained. In 
addition, When the content of Ag is over 3.5 Wt %, the 
resultant alloy shoWs an abrupt elevation in its melting point. 
In order that an alloy for solder paste can have a preferable 
melting point of 220° C. or less, the upper limit of Ag 
contained in the alloy should be 3.5 Wt %. Therefore, an Ag 
content of 2.0 to 3.5 Wt % is suited. 

[0018] In addition, by an addition of Bi, it is possible to 
loWer the melting point of the resultant solder thereby 
improve the Wettability thereof. When the content of Bi is 
beloW 5 Wt %, it is impossible to have the above-mentioned 
effect suf?ciently. Furthermore, When the content of Bi is 
over 18 Wt %, it is impossible for the resultant alloy to have 
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a satisfactory soldering strength. Therefore, a preferred 
content of Bi is 5 to 18 Wt %. 

[0019] The solder in accordance With the present invention 
further includes at least one element selected from the group 
consisting of 0.1 to 1.5 Wt % of In, 0.1 to 0.7 Wt % of Cu 
and 0.1 to 10 Wt % of Zn. 

[0020] An addition of Cu suppresses the groWth of inter 
metallic compounds on the solder/copper land bonding 
interface thereby improving the strength on the bonding 
interface. A Cu content beloW 0.1 Wt % does not produce 
such effect for an alloy. In addition, When the content is over 
0.7 Wt %, the resultant alloy becomes hard and fragile. 
Accordingly, a preferred content of Cu is 0.1 to 0.7 Wt %. 

[0021] In improves the expansion and the heat resistance 
such as resistance against thermal embrittleness of an alloy. 
Acontent of In beloW 0.1 Wt % does not produce such effects 
for an alloy. In addition, When the content is over 1.5 Wt %, 
the resultant alloy is impaired for its mechanical strength. 
Accordingly, a preferred content of In is 0.1 to 1.5 Wt %. 

[0022] An addition of Zn causes pulveriZation of the 
microstructure of the resultant alloy and improves its 
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[0025] The soldering method in accordance With the 
present invention by a re?oW soldering technique using the 
above-mentioned solder paste is characteriZed in that imme 
diately after a passage of a soldering object With the solder 
paste through an area shoWing a peak temperature in a 
re?oW furnace, it is cooled at a cooling rate of about 10° 
C./sec or more. 

[0026] The present invention melts the solder at a peak 
temperature of 240 to 250° C. of a re?oW furnace. And, in 
solidifying the molten solder, rapid cooling as mentioned 
before suppresses the groWth of intermetallic compounds 
such as Ag3Sn, Cu3Sn, CuGSn5 and the like, and pulveriZes 
and disperses Ag3Sn, thereby improving the mechanical 
strength and heat resistance at the joint. 

[0027] In the folloWing, the present invention Will be 
described by Way of examples. 

[0028] Table 1 lists the compositions of the solders in 
accordance With Examples 1 to 5 and Comparative 
Examples 1 and 2, and the characteristics of those solders. 

TABLE 1 

Melting Bonding Thermal 
Solder composition (Wt %) point Wettability strength shock 

Sn Ag Bi Cu In Zn Pb (O C.) (%) (kgf) resistance 

Example 1 rest 3.5 6 210-216 88.9 1.0 Good 
Example 2 rest 3 10 0.5 1 197-207 88.9 1.2 Good 
Example 3 rest 3 10 0.5 1 187-201 89.1 1.3 Good 
Example 4 rest 3 15 5 187-203 88.7 1.5 Good 
Example 5 rest 3 15 5 198-209 88.5 1.7 Good 
Comparative rest 3.5 221 84 1.3 Good 
Example 1 
Comparative rest 37 183 89.8 1.0 Bad 
Example 2 

strength. An Sn—Ag alloy carries a ?ne microstructure in 
Which intermetallic compounds of Sn and Ag are studded in 
the form of needle-like crystals. Upon groWth of such 
needle-like crystals, the alloy becomes fragile. Addition of 
Zn suppresses the groWth of the above-mentioned needle 
like crystals. A content of Zn beloW 0.1 Wt % does not 
produce such effect. In addition, When the content is over 10 
Wt %, the excess Zn reacts With a ?ux, making the resultant 
paste viscous, Which impairs the long-term stock of the paste 
as a solder paste. Asuitable content of Zn is 0.1 to 10 Wt %. 

[0023] The solder paste in accordance With the present 
invention is prepared by adding a ?ux to a poWder of the 
above-mentioned solder so as to make a paste. The ?ux is 
composed essentially of about 30 to 70 Wt % of solids, such 
as rosin for imparting ?uidity and viscosity to the paste, a 
small amount of an activator, a thixotropic agent for keeping 
the shape and a viscosity improver Which is added if 
occasion demands, and about 70 to 30 Wt % of a solvent. 

[0024] The ?ux used in the present invention is not limited 
to a particular one. Whether the re?oW atmosphere is the air 
or nitrogen atmosphere, those ?uxes of RA type With a 
relatively high activity and those ?uxes of RMA type With 
a relatively loW activity Which require no rinsing are usable. 
Of those, RMA type ?uxes for use in the air are suited. 

[0029] Melting points Were determined by thermal analy 
sis of the respective solders. 

[0030] For evaluating the Wettability, bonding strength 
and thermal shock test of the solders, various solder pastes 
Were prepared by mixing each of the poWders of the respec 
tive solders (each mean particle siZe: about 30 to 40 pm) 
With the beloW-mentioned ?ux at a Weight ratio of 9: 1. Here, 
a ?ux of the RMA type for use in air re?oW Which has the 
composition shoWn in Table 2 Was used. 

TABLE 2 

Solvent Diethylene glycol-2- 40 Wt% 
ethylhexyl ether 

Rosin Gum rosin 55 Wt% 
Activator Diphenylguanidine 1 Wt% 

hydrobromide 
Thixotropic Caster oil 4 Wt% 
agent 

[0031] Wettability Was evaluated as folloWs. First, a cer 
tain amount of each of the above-mentioned solder pastes 
Was printed on a copper plate. In an assumption that the 
solder paste thus printed has a real spherical shape on the 
copper plate, the diameter of the sphere is de?ned as D. 
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Next, upon heating the copper plate to 240° C., the solder 
paste is spread over the copper plate While Wetting it. The 
height of the solder paste measured during this process is 
de?ned as H. 

[0032] The Wettability of the solder paste is represented by 
100><(D—H)/D(%); the higher the value, the better the Wet 
tability. 
[0033] The bonding strength Was evaluated as folloWs. 
After printing each of the solder pastes on a board, an 
electronic part QFP (quad ?at package) With a lead terminal 
pitch of 0.5 mm Was mounted on the board using a place 
ment equipment in order to adhere the QFP to the board by 
passing it through a re?oW furnace having the re?oW pro?le 
as shoWn in FIG. 1. The QFP and the board Were preheated 
in the re?oW furnace at 160° C. and immediately after they 
passed through an area shoWing a peak temperature of 240° 
C., they Were cooled at a cooling rate of 15° C./sec using a 
bloWer. The lead terminal of the QFP Which Was adhered to 
the board in this Way Was hooked and pulled on at an angle 
of 45 to the board in order to measure the strength upon 
dissection of the lead terminal from the joint betWeen the 
lead terminal and the board. The result represents the 
bonding strength. 
[0034] Thermal shock resistance Was evaluated by the 
presence or absence of cracks on the joint after repeating 500 
cycles of operation each comprising preliminary retention of 
a board to Which an electronic part has been adhered in the 
aforementioned manner for 30 min at —40° C., folloWed by 
retention for 5 min at room temperature and for 30 min at 
80° C., respectively. 

[0035] As is evident from Table 1, the solder in accor 
dance With the present invention has a melting point of 220° 
C. or less Which is suited for the re?oW soldering technique, 
and thus it permits soldering at a temperature Which does not 
injure electronic parts. In addition, the solder paste using the 
solder in accordance With the present invention shoWs 
satisfactory Wettability to metallic copper, eliminating 
impairment of the bonding strength due to poor Wettability. 
Furthermore, the joint ?nished With the re?oW soldering 
technique using this solder paste is suf?ciently strong and 
manifests excellent heat resistance, such as no crack devel 
opment upon thermal shock test Where a cold-hot retention 
cycle is repeated. 

[0036] And, FIG. 2 shoWs the microstructure of the solder 
alloy in accordance With the present invention at about 1,000 
magni?cations. Numeral 6 designates an intermetallic com 
pound Ag3Sn Which is a deposition in the alloy. As is 
apparent from the comparison With FIG. 3, the intermetallic 
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compound shoWs a ?ne distribution in FIG. 2. This gives a 
joint Which is less likely to change With time and manifests 
excellent heat resistance, such as resistance against thermal 
embrittleness, under high temperature environment. In order 
to have such pulveriZed alloy microstructure, it is preferable 
in solidifying the solder to cool it at a cooling rate of 10° 
C./sec or more. Cooling rates sloWer than that permit groWth 
of intermetallic compound, making it impossible to have a 
?ne alloy microstructure. The aforementioned cooling con 
dition can be achieved by air cooling using a fan. 

Industrial Usability 

[0037] As discussed above, according to the present 
invention, a solder Which is free of a poisonous substance 
lead and excellent in both mechanical strength and heat 
resistance can be obtained. 

[0038] In addition, the solder paste in accordance With the 
present invention is ?t for re?oW soldering, facilitating high 
density mounting of an electronic part. 

1. A solder comprising 2.0 to 3.5 Wt % of Ag, 5 to 18 Wt 
% of Bi and Sn for the rest. 

2. A solder comprising 2.0 to 3.5 Wt % of Ag, 5 to 18 Wt 
% of Bi and further comprising at least one element selected 
from the group consisting of 0.1 to 1.5 Wt % of In, 0.1 to 0.7 
Wt % of Cu and 0.1 to 10 Wt % of Zn, along With Sn for the 
rest. 

3. A solder paste comprising a ?ux composed of at least 
rosin, an activator, a thixotropic agent and a solvent, and a 
poWder of a solder, characteriZed in that said solder com 
prises 2.0 to 3.5 Wt % of Ag, 5 to 18 Wt % of Bi and Sn for 
the rest. 

4. The solder paste in accordance With claim 3, Wherein 
said solder further comprises at least one element selected 
from the group consisting of 0.1 to 1.5 Wt % of In, 0.1 to 0.7 
Wt % of Cu and 0.1 to 10 Wt % of Zn. 

5. A soldering method by a re?oW soldering technique 
using the solder paste in accordance With claim 3, charac 
teriZed in that immediately after a passage of a soldering 
object With said solder paste through an area shoWing a peak 
temperature in a re?oW furnace, it is cooled at a cooling rate 
of about 10° C./sec or more. 

6. A soldering method by a re?oW soldering technique 
using the solder paste in accordance With claim 4, charac 
teriZed in that immediately after a passage of a soldering 
object With said solder paste through an area shoWing a peak 
temperature in a re?oW furnace, it is cooled at a cooling rate 
of about 10° C./sec or more. 


