SCLDER ALLOY FI ELD OF I NVENTION The invention relates to sol der
alloy, and in particular, to solder alloy having a 5conposition
conprising at |least two eutectic alloy conpositions. The sol der all oy
is suitable for formng a solder joint between netal, ceramc, glass
or glass-ceramc. The invention further relates to a method of
joining two workpieces with the $SOEDER At O der al | oy. BACKGROUND
TO THE | NVENTI ON 10The fol |l om ng di scussion of the background to the
invention is intended to facilitate an understandi ng of the present

i nvention. However, it should be appreciated that the discussion is
not an acknow edgnent or adm ssion that any of the material referred
to was puUbELEhOF INMBENAIQN part of the common general know edge in
any jurisdiction as at the priority date of the application.
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apparatus or workpieces together via a so jornt.
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deterioration of the solder joints. In addition, such tin-Iead
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about 200C, does not sufficiently wet the surfaces of the 25

wor kpi eces having poor wettability properties. Such workpi eces

i ncl ude The following discussion of the background to the invention is intended to
facilitate an understanding of the present invention. However, it should be
appreciated that the discussion is not an acknowledgment or admission that any
of the material referred to was published, known or part of the common general

knowledge in any jurisdiction as at the priority date of the application.

15 Soldering is a well-established technique commonly used for joining
apparatus or workpieces together via a solder joint. Often, the surfaces of the
workpieces are cleaned prior to applying a solder alloy at the solder joint. This is
to ensure that the surfaces are free of any oxide layers and a good contact of

the solder alloy with the workpieces.

20 Further, in early solder alloy composition consisting of tin-lead, flux additives
are necessary to prevent the oxidation at the solder joints, where the oxidation

causes deterioration of the solder joints.

In addition, such tin-lead solder alloy, although possessing a low soldering
temperature at about 200°C, does not sufficiently wet the surfaces of the
25  workpieces having poor wettability properties. Such workpieces include
ceramic, glass, and glass-ceramic materials. Few attempts to improve the
wettability properties of such workpieces include the incorporation of titanium in

the solder alloy. Such solder alloy improves the wetting on poor wettability



ceram c, glass, and glass-ceramic naterials. Few attenpts to inprove
the wettability properties of such workpi eces include the

I ncorporation of titaniumin the solder alloy. Such sol der alloy

i nproves the wetting on poor wettability surfaces such as ceramcs.
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In a second aspect of the present invention, there is provided a method for
joining at least two workpieces through a solder joint. The method comprises
providing at the solder joint a solder alloy in accordance with the first aspect of
15 the present invention between the at least two workpieces to be joined, heating
the solder alloy at a soldering temperature below 230°C in a soldering

environment, and cooling the heated solder alloy to thereby form the solder

joint.

In a third aspect of the present invention, there is provided a solder joint
20 between at least two workpieces to be joined, the solder joint comprising the

solder alloy in accordance with the first aspect of the present invention.
DETAILED DESCRIPTION

The invention relates to a solder alloy having a composition comprising at
least two eutectic alloy compositions. The solder alloy is suitable for forming a

25  solder joint between metal, ceramic, glass or glass-ceramic.

In accordance with a first aspect of the invention, there is provided a solder
alloy having a composition comprising at least two eutectic alloy compositions,

wherein the eutectic alloy compositions may be binary, termary or quaternary.
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The invention relates to a solder alloy having a conposition
conprising at |least two eutectic alloy conpositions. The sol der all oy
is suitable for form ng a 25sol der joint between netal, ceramc,

gl ass or gl ass-ceramc. In accordance with a first aspect of the
invention, there is provided a solder alloy having a conposition
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The solder alloy is then heated at a soldering temperature below 230°C in a
soldering environment. The metals in the eutectic compositions are reactive and
are therefore able to prevent oxidation from occurring at the solder joint. This

20  way, no flux additive is needed in the solder alloy. Further, the soldering may be
carried out in atmosphere environment such as oxygen-containing atmosphere.
Further still, no shielding gas is needed since the soldering may be carried out

in non-high vacuum and low temperature envircnment.

At the soldering temperature, the solder alloy begins to melt and fuse within
25  regions of the solder joint between the two workpieces. An intermetallic phase
formed of the metals in the solder alloy and the workpieces occurs at the
interface of the solder joint. Following this wetting phenomenon, the wettability
property of the workpieces is improved. The fused solder alloy is finally cooled
to thereby form the solder joint. Upon cooling, the fused solder alloy solidifies

30 and firmly joins together the two workpieces. Preferably, the cooling of the fused



At the soldering tenperature, the solder alloy begins to nelt and
fuse within 25regi ons of the solder joint between the two workpi eces.
An internetallic phase forned of the netals in the solder alloy and

t he wor kpi eces occurs at the interface of the solder joint. Follow ng
this wetting phenonenon, the wettability property of the workpieces
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and/ or uneven cooling, cracking at the solder joint or in the

wor kpisec;ﬁgn%%gﬁel ves may form 5 Exanples Exanple 1 Commercial ly
avai | abl = eutectic conposition and Al -Si eutectic conposition

are enpl oyed as the binary eutectic conpositions form ng the sol der
al | oy of gﬂﬁl@&ésent i nvention. 1099.5 wt % of the Sn-Zn eutectic
conposition is mxed with 0.5 w%of the Al-Si conposition in an
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contam nation of oxygen and nitrogen. The rmelt is then cooled to form
a paste compasitiyl deremploypd adhe diman esitdadisrcdnopositidns meningine

al um ni um et, an | ass, . the.15al um ni um sheet is first placed on
an el ect rgoi&%&l!a?ﬁﬁe gF?éGPEW-VEHR?% -Si] solder alloy paste is then

di sposed on the al um nium sheet. The gl ass is subsequently placed on
top db t he 905 wd¥ &l theySpasteeitedticraarhaositen iscoinedesith 05 Witk o the Al-Si

composition in an induction furnace. The mixture is melted in vacuum to prevent

contamination of oxygen and nitrogen. The melt is then cooled to form a paste

of the solder alloy.

To form a solder joint between an aluminium sheet and a glass, the

15  aluminium sheet is first placed on an electric hotplate. The [Sn-Zn]-[Al-Si] solder
alloy paste is then disposed on the aluminium sheet. The glass is subsequently
placed on top of the solder alloy paste. A mechanical compression force
provided by a spring-loaded steel rod between the aluminium sheet and the
glass acts in the direction towards the hotplate, thereby clamping the aluminium

20 sheet and glass together. The electric hotplate is then operated to provide
heating in a direction from the aluminium sheet to the glass. The heating
provides a soldering temperature of 200°C. At the same time, another heat
source, e.g. resistance heating, is provided at the glass side and heating is
provided in a direction from the glass to the aluminium sheet. This simultaneous

25  heating on the top and on the bottom reduces thermal gradient between the
aluminium sheet and the glass. Such low thermal gradient is essential to
prevent cracking of the solder joint or the glass. After heating at 200°C for a few
minutes, the heating sources are stopped and the fused solder alloy is allowed

to cool slowly to further prevent cracking.

30



provi ded by a spring-loaded steel rod between the al um ni um sheet and
the glass acts in the direction towards the hotpl ate, thereby

cl anpi ng the al um ni um 20sheet and gl ass together. The electric
hotplate is then operated to provide heating in a direction fromthe
al um nium sheet to the glass. The heating provides a sol dering

t enper at Ub@ample2DOC. At the same tinme, another heat source, e.g.

resi stance heating, is provided at the glass side and heating is
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conpositions in the solder alloy conposition are the same as in
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ceram c, thereby formng the solder joint. 15 Exanple 3
forming the solder joint.

15 Example 3

90.0 wit% of Sn-Zn eutectic composition is mixed with 6.5 wt% of Sn-Ag-Cu
eutectic composition in an induction furnace. Small amounts of In (3.4 wt%), Fe
{0.03 wt%), Mg (0.05 wt%) and Mn (0.02 wt%) are added into the mixture. The
mixture is melted in an inert shielding induction furnace to form a paste of the

20 solder alloy. The small amount of Fe and Mn added would help nucleation and

rapid uniform solidification.

To form a solder joint between a titanium sheet and a ceramic, a butane

flame and a heated rod used in conventional soldering technique are employed.

The titanium sheet and the ceramic are held together by applying load on top of
25 the ceramic in place of a mechanical compression force provided by a spring-

loaded steel rod as described in Example 1. Instead of arranging the titanium

sheet and the ceramic in a hotplate assembly, the titanium sheet and the

ceramic are arranged in a furnace where even heating by a flame, resistant

heating is being carried out to melt the solder alloy, thereby forming the solder
30 joint.



90.0 wt % of Sn-Zn eutectic conposition is mxed with 6.5 wt % of

Sn- Ag- Cu eutectic conposition in an induction furnace. Small anounts
of In (3.4 w%, Fe (0.03 w%, My (0.05 wt/0) and M (0.02 wt% are
added into the mxture. The m xture is nelted in an inert shielding
i nduction furnace to forma paste of the 20 solder alloy. The small
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good j oi nt ffer
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readily at%aélﬁﬁéséé)oﬁ 888§ Alunderstanding, it is readily apparent to those of
ordinary skill in the art in light of the teachings of this invention that certain
changes, variations and modifications may be made thereto without departing

from the spirit or scope of the invention as described in the appended claims.
25



ordinary skill in the art in light of the teachings of this invention
that certain changes, variations and nodi fications nmay be nade
thereto without departing fromthe spirit or scope of the invention
as described in the appended clains. 25 | CLAIM 1. A solder alloy
having a conposition conprising at |east two eutectic alloy

conposi tijabisAlMvherein the at | east two eutectic alloy conpositions
are selected fromthe group consisting of Sn-Zn, Sn-Bi, Sn-Cu, Sn-Ag,
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conposi t lc@:ﬁ'ﬁ Giford) wHeraindh&lat ﬁéast two %ute"btﬂl@ él@b@@h;ﬁisit@)ﬁs%?e%@fé&@ﬂ
inclaim2, Wnerelnthe sol der rr%@ osition conprises 96-99

Wt % of t HEONBAhg greun eensigting mf@an@ rCanan-an A8-34, SInRpeut Se-
AI Si ceutg (oYY tion. 4. The sol der alloy as recited in
claim 3 \Aitgrl‘gBﬁ ﬁesrgg{éggfglal | oy conposition conprises 99.5 wt % of
the Sn-Zn eutectic alloy conposition and 0.5 wt% of the Al -Si
eutectic &l | oyloagider allmnas recited imieimol,dderaln iy atdeastdwoeditéatic
claim 3, r sol d conposition conprises 99.0 wm %
of the Snﬂ% Cgm{']% st'r}i'o@s qlrp%p—? rﬁ%js%'??bn and 1.0 wt% of the Al -Si
eutectic alloy conposition. 6. The solder alloy as recited in claim
1, vvhereiih t heltm sbldasallaywas eaditedtin claiml 2y ywiversjrohietsodsher sdiog Sn- Zn and

Sn- Ag- Cu he sol.der .all.o recited_in claim6, wherein the
ol dor ol TBPIHITLRIBIET o AL 2e 1565525 ot oraIoHSOaEcRon a1
eut ecfpi ¢ @Blzpwt%cﬁmﬁélﬂﬂ-s@@u%&ﬂc%léy %Qn’)fffo%i’ti%fw the Sn-Ag-Cu eutectic

all oy conposition. 8. The sol der l oy as recited in any one of the

I th [t oj nt, of . t he | der allo
E;ngvdlzgg ¢ a"lrﬂsé sc‘:’Y@er al'loy as ?ecﬁeed n'w rc]:ga I% é wherein the ssb?der alloy yis

y

composition comprises 99.5 wt% of the Sn-Zn eutectic alloy composition and

0.5 wt% of the Al-Si eutectic alloy composition.

5. The solder alloy as recited in claim 3, wherein the solder alloy
15 composition comprises 99.0 wt% of the Sn-Zn eutectic alloy composition and

1.0 wt% of the Al-Si eutectic alloy composition.

6. The solder alloy as recited in claim 1, wherein the at [east two eutectic

alloy compositions are Sn-Zn and Sn-Ag-Cu.

7. The soider alloy as recited in claim 6, wherein the solder alloy
20 composition comprises 90-99.5 wt% of the Sn-Zn eutectic alloy composition and

0.5-10 wi% of the Sn-Ag-Cu eutectic alloy composition.

8. The solder alloy as recited in any one of the preceding claims, wherein
the melting point of the solder alloy is below 230°C.

9. The solder alloy as recited claim 8, wherein the melting point of the

25  solder alloy is below 200°C.

10.  The solder alloy as recited in any one of the preceding claims, further

comprising an elemental metal.



9. The solder alloy as recited claim8, wherein the nmelting point of
the 25sol der alloy is below 200C. 10. The solder alloy as recited in
any one of the preceding clains, further conprising an el enental

nmet al . 11. The solder alloy as recited in claim 10, wherein the

el enental netal is selected fromthe group consisting of Ag, Cu, Fe,

In, My, M. arThersalder glidyhes eadited in claifh210, Witerepl itherclemknial asetakigi t ed
in claiml1ll, wherein the solder allaoy 5 conposition conprises 0-4 wt%

[ y .
of the el$8tesiedframihg groupongisiegdda. &ru.jts h.iggaln aad mixiwse
wor kpi ecqﬁ tdyrough a sol der joint, the method conprising: providing
at the so ger joint a solder alloy as recited in any one of the
preceding clains between the at |east two workpieces to be joined;, -
heating the solkrRepolder aljoass sedisddeclaig tbmfeerainihe ssedenalie30C in a

sol der g G LNNERLABA0 0 £RRY! s W heateoogl der al oy to

t hereby for e’ so r-jol as' recited in claim 13,
wherein the sol dering tenperature is bel ow 200C. is15. The nethod as
recited ih3.cl ahmetBoadforjaininghat lenat eweipiraasrirough a solder joint, the

method comprising:

— providing at the solder joint a solder alloy as recited in any one of the

preceding claims between the at least two workpieces to be joined;

10 - heating the solder alloy at a soldering temperature below 230°C in a

soldering environment; and
— cooling the heated solder alloy to thereby form the solder joint.

14.  The method as recited in claim 13, wherein the soldering temperature is
below 200°C.

15 15. The method as recited in claim 13 or 14, wherein the soldering

environment is atmospheric.

16.  The method as recited in claim 13, 14, or 15, wherein the soldering

environment does not contain a shielding gas.

17.  The method as recited in any one of claims 13-16, wherein the heating

20 does not include the use of flux.

18. The method as recited in any one of claims 13-17, wherein at the solder
joint, each of the at least two workpieces consists of a metal, ceramic,

glass or glass-ceramic.

19. A solder joint between at least two workpieces fo be joined, the solder

25 joint comprising the solder alloy as recited in any one of claims 1-12.



environnment is atnospheric. 16. The nethod as recited in claim13,
14, or 15, wherein the soldering environnment does not contain a
shielding gas. 17. The nethod as recited in any one of clains 13-16,
wherein the heating 20does not include the use of flux. 18. The
method as recited in any one of clains 13-17, wherein at the sol der
joint, eazth of Thdeokier jodatsdccovdingd kRiiCiEs wirheinrie &ftha aredadt two
ceramc, glass or glass-ceramc. 19. A solder joint between at |east
two wor kpi ecesWRKPIRCESdS A<@raiife sol der 25j oi nt conpri sing the sol der
alloy as recited in any one of clainms 1-12. 20. The sol der joint
accordi ngpt.0 cTigd BbH8r joMaicRbrliAg %o efairhh®, #hdréiadnd YRhbQitkdUReRs | S
a ceramc. 21. The solder joint according to claim19, wherein one of
the at |east tWerkpigdesiieacdasssceragliass- ceranic. s22. The use of the
solder alloy as recited in any one of clainms 1-12 as a solder joint.

5 22. The use of the solder alloy as recited in any one of claims 1-12 as a

solder joint.



