
9 7. 0 4 4 1 7 - 6. 
1 

WGH STRENGIH T,EAD..FBER SOLDER MATERJAIS 

Field of the Invention 
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The present invention rel.ates to tin-based, lead-free solder alloys that have broad-

based applications because of a low liquidus temperature and high strength. They are useful 

as metaljoining matetials, particulady for intetooonections in electrooics and 

microelectronics cirouitcy applications. Importantly, the compounds of lh:e present invention 

replace toxic, lea.d-coottining soldea and thereby improve wolker safety and allow for 

environmentally-friendly manuf.a.cturing processes to be performed. Furthennore, the 

materlals of the present invention provide improved strength to meet the increased demands 

on the level of perfoanance of the intell::onnecting m.aterlal required in future microchip 

cirouitry. 

Description of the Art 

Lead-containing solder alloys have been successfully used in electronics packaging as 

interoonnecting materials for decades, connecting components electrically, thennally, and 

mechanically; For electronic printed circuitry, near-eutectic Sn-Pb solders have been chosen 

due to their good manufacturability and wetting behavior on typical substmtes. However, 

due to the increased density of circuitry and power dissipation, stronger solders are cunently 

required. In addition, the legislative mandate to eliminate or tax the use of lead because of 

environmental/health concerns is another powerful driving· force to develop lead-free alloys. 
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In oRler to replaoe lead in soldea, ~e new alloys must possess phase transition 

tempemtures (liquidus and. solidus tempemtures) that are comparable to lead-cqntaining 

soldea. In addition, lead-free solders inust ltave suitable physical characteri~ics. including 

acceptable electrical and ·thenual conductlvities and tltenual expansion coetlicients. 

Furthermore, the lead-free sotdea must be metallutgically compatible with the substrates of 

components and boal'ds, and must have acceptable· mechanical properties and enviroomeatal 

shelf stability. 

Some lead-~ solder alloy compositions are known (see textbook: Jennie S. Hwang, 

Modem Solder 1£chnology for Competitive Electronics Manufacturing, Mc-Graw Hill, New 

York, 19961 pp. 483-508), however, these compositions are deficient due to inferior 

strengths, incompatible physical p~. or inadequate natural reoources of major 

constitutional elements. One particular known ·J.ea.d-free solder composition is comprised of 

Sn-Zn-In alloys that may also contain Cu (U.S. Patent No. 5,538,686), however, the 

combined solid solution and dispelsion strengthening in this compound is inadequate. 

Summary of the Invention 

Accoroingly, it is a primary object of this invention to provide a new and improved 

solder composition. 

It is an advantage of this invention to provide a new and improved solder composition 

that is free of lead, providing the associated safety and avoiding significant environmental 

problems. 
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AA additional advantage of the pmsent invention is that the solder com~tion has 

physical attn"butcs equivalent or superior to tmditiooal lead containing solden. 

Additional objects and advantages of the invention will be set forth in part in the 

description which follows and in part will be obvious from the description, or may be 

I~ by practioe of the invention. The objects and advantages of the invention may \le 

realimf and attained by means of the instrumentalities and combinations particularly pointed 

· out in the 8ppeaded claims. 

Tu achieve the foregoing objects and in accordance with the purpose of the invention, 

as embodied and broadly described herein, the solder composition of this ·invention is 

comprised of a lead-free alloy including tin, copper and gallium. In addition, the alloy may 

further include indium, zinc, selenium and/or tellurium. Prefelably, tin will comprise at 

least about 75 w~ight percent of the alloy composition. Preferably, the copper will comprise 

between O.l and 9.5 weight pereent and gallium between 0.01and5.0 weight peroent of the 

alloy. More prefembly, the tin will comprise at least 85 weight peroent of the alloy. More 

preferably, copper will comprise between 0.3 and 4.5 weight peroent and gallium between 

0.05 and 1.0 weight percent of the alloy composition. 

In an additional prefened fonn of the invention, the solder will be comprised of 

between 0 and 6 pereent by weight indium; between 0 and 9 weight percent zinc; and either 

selenium or tellurium in an amount between 0 and 1.0 weight peroent. In a particularly 

preferred embodiment, indium is present in the alloy composition between 0.1 and 10.0 
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weight perocnt. In an additional p~ embodiment by tlte invention, at least indium and 

zinc (betweca_ 1.0 and 19.0 weigbt pcroco.t) are present in tlte alloy composition. 

In an alternative embodiment of the invention, the lead-free solder alloy composition 

is comprised of tin, copper or silver, and indium and may optionally contain eitltec s_elenium · 

or tellurium. In addition, the composition may optionally contain zinc, gallium or bismuth. 

Preferably, the composition will contain at least 75 weight peroent Sn, between.land 9.5 

weight perocnt Cu and/or .1 and .8 weight peroent Ag, and between.land 10.0 weight 

peroentln. 

In a· further altemative embodiment of the invention, the lead-free alloy composition 

is comprised of tin, silvei; bismuth, either selenium or tellurium, and may optionally contain 

gallium. Prefetably, the composition will ·include at least 75 weight percent Sn, between 0.5 

and 6.5 weight percent Ag, between 0.5 and 8.0 weight percent Bi, and between 0.1and5.0 

weight peroeo.t of Se and/or Tu. 

Detailed Description of the Invention 

Lead-free solder alloys containing Sn (at least 75.0 and preferably 85.0 wt. %), Cu 

(between 0.3 and 4.5 wt. %) and Ga (between 0.05 and 1.0 wt. %) have tensile properties 

(aocolding to ASTM BS-96) ~ing 40 MPa, preferably 45 MPa and more preferably 50 

MPa. For a variety of putp0ses such as further increasing the strength or decreasing the 

liquidus temperature, the alloys may also contain one or more of tlte following elements: In 

(not more than 6.0 wt. %), Zn (not more than 9.0 wt. %), either Se or Tu (not more than 
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1.0 wt. %). More particularly, each of the inventive solder alloys described herein provides 

these teosile properties. Moreovea; lead-free solder alloys. of this invention, ~ tensile 

p~ exceeding those of traditional 60 Sn/40Pb (weight peroeo.t) alloys. .Por a variety 

of purpo=, such as further increasing the atreagths, the alloys may also contain Sr, Tui or 

Zn. 

Lead-free solder alloys containing Sn (at lea.st -85.0 wt. %), Cu (between 0.3 and 4.S 
.. 

wt. %), Ga (between o~os and l.o wt. %), 1n (between l.o and 6.o wt. %), and Zn 

(between 8.0 and 9.0 wt. %) have tensile properties significantly cxceed:ing those of. 

tiaditi.ooal 60Sn-40Pb (wt. %) alloys. For pwposes such as further inq:easing the strength, 

the alloys may also contain up to.1.0 wt. % of either Se or Tu. 

Lead-free solder alloys containing Sn (at leaSt 90.0 wt. %), Cu (between 2.0 and 5.0 

wt. %), and In (between 1.0 and 6.0 wt. %) have tensile properties exceeding those of 

traditional 60Sn-40Pb (wt. %) alloys. For purposes such as further increasing the strength, 

the alloys may also contain up to 1.0 wt. % of either Se or Tu. 

Lead-free solder alloys containing Sn (at least 85.0 wt. %), Ag (between 0.1 and 0.8 

wt. · %), and In (between 1.0 and 6.0 wt. %) have tensile properties significantly exceeding 

those of traditional 60So-40Pb (wt. %) alloys. For a variety of puiposes such as further 

increasing- the strength or decreasing the liquids temperature, the alloys may also contain one 

or more of the following elements: Zn (not more than 9.0 wt. %), Ga (not more than 1.0 wt. 

%), either Se or Tu (not more than 1.0 wt. %). 
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Lead-free solder alloys containing Sn (at least 85.0 wt. %), Ag (between l.S and 4.5 

wt. %), Bi (between 1.0 and S.O wt. %), and either Se or 1b (between O.OS and 1.0 wt. %) 

have tensile properties significantly exceeding those of traditional 60Sn-40Pb (wt. %) alloys. 

For a variety of puiposes such as further increasing the strength or decreasing the liquidus 

tempemu~ the alloys may also contain up to 1.0 wt. '6 Ga. 

. 
lead-free solder alloys containing Sn (at least SS.O wt. '6), Ag (between 1.5 and 4.5 

wt. '6), In (between 1.0 and 6.0 wt. %), Bi (between 1.0 and 8.0 wt. %), an either Se or Tu 

(between O.OS and 1.0 wt. %) have teosile properties significantly exceeding those of 

traditional 60Sn-40Pb (wt. %) alloys. For a variety of puiposes such as further increasing 

the streogth or decreasing the liquidus tempemture, the alloys may also contain up to 1.0% 

Ga. 

Lead-free solder alloys containing Sn (at least 85.0 wt. %), Ag (between 1.5 and 4.5 

wt. %), In (between 1.0 and 6.0 wt. %), Bi (between 1.0 and 8.0 wt. %), and Ga (between 

0.05 and 1.0 wt. %) have teosile properties significantly CJCCeeding those of traditional 60Sn-

40Pb (wt. %) alloys. 

Examples 

The following __ examples are provided to help demonstrate the invention but are not 

intended to limit the scope thereof. 

Example 1 



7 

Casting of a 60Sn-40Pb (wt. %) alloy was conducted by placing an inert conwner 

containing die alloying clements in a box furnace and heating the furnace to the anticipated 

melting temperature. The ~tainer was sealed with a lid that provided access to a 

themtooouple and a tube Supplyi.og ugoo. to protect the melt from oxidation. The melt was 

periodically stirred to improve homogeneity and finally poured into an aluminum mold to 

provide tensile specimens. Room ~pemture tensile tests were conducted at a test speed of 

1 mm min-a. A 0.2 '6 offset yield strength of 30 MPa. and an ultimate tensile strength of 37 

MPa were measured. A 9S.3Sn-4.0Cu-O.SGa-0.2Se (wt.%) alloy was prepared 8!1-d tested in 

substantially the same manner as described above. A 0.2 % offset yield strength of 42 MPa 

(exceeding the yield strength of the 60Sn-40Pb (wt. %) alloy by 40%) and an ultimate tensile 

strength of 49 MPa (exceeding the tensile strength of the 60Sn.:4QPb (wt. %) alloy by 32%) 

were detennined. 

Bxam.ple2 

A 91.1Sn-3.9Cu-1.0Ga-4.0In (wt. %) alloy was piql31'Cd and ~in substantially 

the same manner as descrlbed in Example 1. A 0.2% offset yield strength and an ultimate 

tensile strength of both 48 MPa (~ing the yield streogth and the ultimate tensile strength 

of the 60Sn-40Pb (wt. %) alloy by 60% and 30%, respectively) were determined. 

Bxample3 

An 86.2Sn-O. 7Cu-0.SGa-4.0in-8.6Zn (wt. %) alloy was prepared and tested in 

substantially the same manner as descnbed in Example 1. A 0.2 % offset yield strength of 63 

MPa (exceeding the yield strength of the 60Sn-40Pb (wt. %) alloy by 110% and the yield 

strength of 86.0Sn-S.Oln-9.0Zn alloy (SS MPa) by 15%) and an ultimate tensile strength of 
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73 MPa (~ing the tensile strength of tlte 60Sn-40Pb (wt. %) alloy by 97% and the 

tensile strength of 86.0Su-S.Oin-9.0Zn alloy (62. MPa) by 18%)) were determined. 

Bxample4 

92.8Sn-3.0Cu-4.0ln-0.2Se (wt. %) and 91.8Sn-4.0Cu-4.0In-0.2Se (wt. %) alloys 

were prepared and. tested in submntially the same manner as described in Example 1. A 

0.2% o1fset yield streogth of 40 and 46 M.Pa, respectively (exceeding the yield streogth of 

the 60Sn-40Pb (wt. %) alloy by 33 and S3 %), and an ultimate tensile strength of 47 and 48 

MPa, respectively (eroeeding the tensile strength of the 60Sn-40Pb (wt. %) alloy by 27 and 

30%), were determined. 

Bxample5 

An 86.9Sn-O.SAg-4.0in-8.6Zn (wt. %) alloy was prepared and tested in substantially 

the same manner as described in ~le 1. A 0.2 % offset yield strength of 56 MPa 

(exceeding the yield streogth of the 60Sn-40Pb (wt. %) alloy by 87%) and an ultimate tensile 

~ of 64 MPa (exett-Oiog the tensile strength of the 60Sn-40Pb (wt. %) alloy by 73 %) 

were detennined. 

Bxample6 

An 89.9Sn-3.1Ag-6.5Bi-0.5Se (wt. %) alloy was prepared and tested in substantially 

the same m~nner as described in Example l. A 0.2% offset yield strength of 60 MPa 
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(cx.oeeding the yield strength of tbe 60Sn-40Pb (wt. %) alloy by 100%) and an ultimate 

tensile streogth of 82 MPa (exceeding tltC tensile strength of the 60Stt~Pb (wt. %) alloy by 

122 %) were detennined. 

Bxample7 

87.8Sn-3.2Ag-4.0ln-4.SBi-O.SSe (wt. %) and 87.3Sn-3.2Ag-4.0ln-4.SBi-l.0Se (wt. 

%) alloys were prepared and tested in substantially the same manner as described in Bxample 

1. A 0.2 % offset yield streogth of n and .64 MPa, respectively (exceeding the yield 

streogtb. of the 60Sn-40Pb (wt. %) alloy by 140 and 113 %), and an ultimate tensile strength 

of 84 and 77 MPa., respectively (excee4ing the tensile strength of the 60Sn-40Pb (wt. %) 

alloy by 127 and 108 %), were detennined. 

Bxample8 

An 87.SSn-3.2Ag-4.0in-4.5Bi-0.8Ga (wt. %) alloy was prepared and tested in 

substantially the same manner as described in Example 1. A 0.2 % offset yield strength of 15 

MPa. (exceeding the yield strength of the 60Sn-40Pb (wt. %) alloy by 150%) and an ultimate 

tensile strength of 77 MPa. (exceeding the tensile strength of the 60Sn-40Pb (wt. %) alloy by 

108 %) were detennined. 
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Thus it is apparent that there has been provided, in accordance with the invention, a 

· lead-free solder alloy composition that fully satisfies the objects, aims and advamages set 

forth above. While the invention has been described ill coajunction with specific 

embodiments thereof, it is evident that many alternatives, modifi~o~ and variations will 

be apparent to ~ skilled in the art in light of the foregoing description. Accomi~ly, it is 

intended to embrace all such modifications, and variations as fall within the spirit and broad 

soope of the appended claims. 
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We claim: 

. I. A l~d-free alloy solder composition comprised of Sn,· Cu, and Ga. 

2.. The lead-free alloy composition of claim 1 including at least about 7S weight 

peroent Sn, between about 0.1and9.S weight peroeat Cu, and between about .01 and S.O 

weight peroent Ga. 

3. The solder of claim 1, wherein the alloy also includes· an element selected 

from the group consisting of In, Zn, Se and Tu or ·mixtures thereof. 

4. The solder tD claim 1, wherein the alloy also includes one or i:p.ore of the 

following elements: between about 0 and 6.0 weight peroent In, between about 0 and 9.0 

weight peicent Zn, and either Se or Tu in an amount of not greater than 1.0 weight peroent. 

5. A lead-free solder composition comprising an alloy of at least about 75.0 wt % 

Sn, between about 0.1and9.5 wt. % Cu, between about 0.01and5.0 wt. % Ga, and 

between about 0.1and10.0 wt. % In. 

6. The solder composition of claim 5, wherein the alloy may also include one or 

more of Se and Tu in an amount of between greater than 0 and S .0 wt. % • 

111111111111111111111111111111 ' 
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7. A solder composition, comprised of a lead-free alloy including at least about 

15.0 wt. '1 Sn, between about 0.1. and 9.S wt. '1 CU, between about 0.01and5.0 wt. % 

Ga, between about 0.1and10.0 wt. % In, and bCtweeo about 1.0 and 19.0 wt. % Zn. 

8. The solder of claim 7, wherein the alloy may also include between greater 

than 0 and S.O weight peroent of either Se or Tu. 

9. A solder composition, consisting esseotiaily of a lead-free alloy including at 

least 75.0 wt. % Sn, between about .1and9.5 wt. '1 Cu, and between about .1and10.0 

wt. "In. 

10. A solder composition comprised of a lead-free alloy including, at least about 

75.0 weight peroent Sn, between about 0.1and9.S weight pereent Cu, between about 0.1 

and 10.0 weight pen:ent In, and without the inclusion of Ag.~' - · · · 

11. The solder of claint 10, wherein the alloy also includes between greater than 0 

and 5 .0 wt. % of either Se or Tu. 

12. A solder composition, comprised of 8:. lead-free alloy including at least about 

15.0 wt. % Sn, between about 0.1and0.8 wt. % Ag, and between about 0.1and10.0 wt. 

% In. 
THIS SHEET HAS BEEN 

REPLACED 

l lllllll llllll lllll lllll 11111l 
* C L M S * 



THIS SHEET HAS BEEN 
t\i.:PLACED 

13 

13. i:he solder of claim .12, wherein the alloy may also include one or more of the 

following clements: Zn in an amount. of not ·greater d'Ul.R about 9.0 wt."· Ga in an amount 

of not greater than about 1.0 wt. % , either Se or Tu in an am~unt of not greater than. abOut 

1.0 wt. %. 

14. A solder composition comprised of a lead-free alloy· including at ·1east about 

15.0 wt. % Sn, between about O.S and 6.S wt. % Ag, between about O.S and 8.0 wt. ~ Bi, 

and between about 0.01 and 5.0 wt. % of either Se or Tu. 

15. The solder of claim 14, wherein the alloy also includes from greater than 

about 0 to about 5.0 wt. " Ga. 

16. A solder composition, comprising a lead-free solder alloy containing at least 

about 75.0 wt. % Sn, between about .S and 6.5 wt. % Ag, between about • l and 10.0 wt. % 

In, between about .5 and 8.0 wt. % Bi, and between about .01and5.0 wt. percent of either 

Se or Tu. 

17. An article accoroing to claim 16, wherein the alloy may also contain up to 

about 5.0 wt. % Ga. 

18. A solder eomposition, comprising a lead-free solder alloy containing at least 

about 75.0 wt. % Sn, between about .5 and 6.5 wt. % Ag, between about .1 and IO.O wt. % 

In, between about .S and 8.0 wt. % Bi, and between about 0.01 and 5.0 wt. % Ga. 

111111111111111111111111111111 
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19. An article comprised of the solder of claim 1 in the fonn of a paste. cream, 

prefonn, wire~ ribbon or bu 

20. A solder composition comprised of a lead-free alloy including at ~ about 7S 

weight pen:ent Sn,_ between about 0.1 and- 8.0 weight peroent Ag, between about 0. ~ and 

10.0 weight peroent In, and the absence of Co. 
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