WO 01/ 89757 PCT/ CA01/ 00721 VARI ABLE MELTI NG PO NT SOLDERS AND BRAZES FI ELD
OF THE I NVENTION This invention relates in general to solder and brazing
mat eri al svandsyrsre particularly to variable nelting poi neCroAdsO®E2Nd
brazes. 5 BACKGROUND OF THE | NVENTI ON Sol der pastes are used to formjoints
bet ween conponents and printed circuit boards (PCB) in the

m cr oel ectroni cs | nMARIABLE MEKTDING PQINTVSOLDERS AND BRAZES8al and

el ectrical bond. A conventional solder paste conprises a powder, 10 nade

froma solder alloy, whichis ﬁﬂW%EWNWéNﬂ@ vehicle that contains a
a )

flux. The paste is dispensed onto for exanple, by a screen-printing

process. Compongnts to be attached to the PCB ar | aced intqg th ast e
Bher ot hey ar o THiavantcn BatSE )9S Brogietad bladts matdial ead e
assenbly is heated such that the sol der powder nelts and coal esces to form
a dense | i paitiguleslywn yadablermeltinggradeiceoldarerandriyagessponent and PCB surf ace
thus forming a netallurgical joint. Upon cooling the liquid solder

solidgfies and a solid joint is fornmed with the required nechanical,
el ectrical and thernmal properties. Common sol der powders consi st of

alloyed netals such as | eag dREROUND OF THE INGPENTFONCOMPOSI tions whi ch

give low nelting points (i.e. eutectic conpositions), which is 20
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circuit boards (PCB) in the microelectronics industry. The solder provides both a
physical and electrical bond. A conventional solder paste comprises a powder,
10 made from a solder alloy, which is suspended in a liquid vehicle that contains a
flux. The paste is dispensed onto a PCB, for example, by a screen-printing
process. Components to be attached to the PCB are piaced into the paste where
they are hela in place by the high viscosity of the paste. This assembly is heated
such that the solder powder melts and coalesces to form a dense liquid
15 whereupon it spreads over the cbmponent and PCB surface thus forming a
metallurgical joint. Upon cooling the liquid solder solidifies and a solid joint is
formed with the required mechanical, electrical and thermal properties. Common
solder powders consist of a[loyed metals such as lead (Pb) and tin (Sn) having
compositions which give low melting points (i.e. eutectic compositions), which is
20 advantageous from a processing point of view. A key characteristic of these
solders is that they have a single reproducible melting point.

There are situations during the fabrication of microelectronics where



There are situations during the fabrication of mcroelectronics where 1 WO
01/ 89757 PCT/ CA01/ 00721 stepw se sol dering woul d be advant ageous. In these
cases, soveousaTponents are soldered to a PCB, the assenbPgTACARBIN2D

anot her operation and then a third operation where additional conponents
are soldered to a PCB. In yet another manufacturing nmethod, conponents are
sol der ed t stepnisessaldexig awoB(cBbamdvantageots clorthese vasegrsonmatempsepéntsr ed t o
the opposite side of the PCB. In these cases the solder used in the first

step nust Bavsolderd tol IPCB, Wé’%?érﬁb@/tak&h% ahb®er bperftindeid thench tHirdt he
second step to avoid renelting of the solder fromthe first step. The use

of JTor e L A e e A B ERngRllie IRRAT, AR, AEIARLY af e

t he perfor nce o ol nts I n appli Eat! Oh es Pat ent
Nos. 5,540,379, 5,573, 602 and 5,803,340 are djrected to der ste
consi st ng”@f”ugaq Wgrﬁlettl% C@é“?ﬂ“%aéﬁ ﬁ‘i?laﬁr%ﬁot?'??gs' Bcﬂfrﬂsﬁé‘t%dg r
alloy). Wien the paste is heated to the nelting point of the low nelting
poi ntd powdeemphsehtstaredater solkdeseditontinel @ppdsite sidenetthiesP€Bi I | i quid the
paste is heated a second tine to a tenperature high enough to nelt the

rest of the 15 [H tHege@abes teedldey use®in e firdhstep rmasititiedd mdlirignl at ed
with a conposition such that nost or all of the metal is liquid at the

hi ghest solde temm igtitRan t10ESAPESLET: RS, dﬁm@%@ r&m%a@ﬁ ns .

with three or nore a enen
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expense and can adversely affect the performance of the joints in an application.
10 : United States Patent Nos. 5,540,379, 5,573,602, and 5,803,340 are
directed to a solder paste consisting of a low melting point and a high melting
' point metal (or alloy). When the paste is heated to the melting point of the low
}melting péint powder the latter melts and while this phase is still liquid the paste
is heated a second time to a temperature high enough to melt the rest of the
15 mixture followed by cooling. These pastes are formulated with a composition
such that most or all of the metal is liquid at the highest solder temperature.
These pastes use complex solder compositions with three or more alloying
elements, contain lead (Pb) and high contents of low melting point elements such.
as bismuth (Bi) and indium (In). Since the solders are liquid at the soldering
20 tlemperature and have a complex composition, the formation of low temperature

phases which can segregate to particle or grain boundaries during freezing can



20 tenperature and have a conpl ex conposition, the formation of |ow
tenperature phases which can segregate to particle or grain boundaries
during fwe@ai/segstan 2 WO 01/89757 PCT/ CA01/ 00721 be forpredCAlti@s?2l phases
are detrinmental to physical and nechanical properties of the resulting
solder joint. United States Patent No. 5,229,070 teaches a sol der produced
by m xi ng be foingdd.t ThesgJhasesreare metdirnkntal pophgsicalicrid meShamioaldeoperties
substantially alloyed with 5 either In or Bi. The Sn powder alloyed with
Bi or In ngfie @sufing@dertj§ifper ature than the high Sn content powder. The
process consists of a single soldering step .in which the paste is heated
to a high enoug I ' L: re.
The primary purggitgmﬁéﬁ%ﬁ&sehf%@? k’t&azgfded{sé%tcggglgpn%?&(;é\}lﬁ Rgp ?‘%’J]ngyg}b{g%geduce
the time of soldering. The solder is not designed for 10 stepw se sol dering
and sol i di Riligh I'Brﬁsﬁ? C@‘PF@“E@I'%P‘P‘HQGE ‘é‘ﬁ%@r%’i‘ pPwdghsybsigntiallycalloyed with ed
States Patent No. 4,834,794 teaches a solder paste using a low and high
mel tig poeitherslolaréBi. #hergn powiemalloyadtwitte Bpombhemetts af arlowehienzesaure The
objective of this patent is to provide a solder that has a |low nelting

poi nt and ﬂnarhﬂh@hﬂ?h IE it AP AU, ThEHrecess aorigy ofl aliindle sORfdringnstEt ween

the powders to 15 forminternetal lic conpounds. A drawback te this type of

sol der re! 8 RichAnb sl aRtnedibto bHigh KBbALh LmB8IRIdInbRaile be britte

and detrinental to nechanri ca opertres o e solder joint. Thus the

I f I i ch |t the first ti t alo
deve Opnen%:or%poﬁeﬁt% iﬂ%emk&re.c'ﬁﬁe gﬁmary pSrpolsresof thilsrg%ldaer paste }g/ to

improve wetting and reduce the time of soldering. The solder is not designed for
10 stepwise soldering and solidification at the soldering temperature does not occur.
United States Patent No. 4,834,794 teaches a sloIder paste using a low
and high melting point solder along with a reactive powder to form the paste. The
objective of this patent is to provide a solder that has a low melting point and a
higher remelting point. This is achieved by a reaction between the powders to
15 form intermetallic compounds. A drawback to this type of solder relates to the fact
that intermetallic compounds tend to be brittle and detrimental to the mechanical
properties of the solder joint.
Thus the development of a solder which can melt the first time at a low
temperature but not remelt at that temperature in subsequent solder operations
20 (i.e. acquire a higher remelt temperature) would be of significant value in

microelectronics where stepwise soldering is required or would be advantageous.



tenperature but not renelt at that tenperature in subsequent sol der
operations 20 (i.e. acquire a higher renelt tenperature) would be of
significamdoved7’ee in m croel ectronics where stepw se sol deeT/cgoi/en7eequi r ed
or woul d be advantageous. 3 WO 01/89757 PCT/ CA01/00721 In the manufacture
of light bulbs, solder joints are formed on an autonmated production Iine.
It is advant agemuhetmamuaﬂaettmemllgleirbums cSmldm’IJDmtsaaraatformﬂd dnempauwmatedso
the cost of the soldering process can be mnimzed. However, when the

| i ght bul bpicgiuetin liRé t AadRIMtaGes s Have ATBbIERWhRM MEltoht Biswsol der must
5 be high enough that it does not re-nelt during use. Therefore when using

conventi ongl, e%fl{?é%o RICE BAKE S 5oERC AN il AgyRgkRt .t he

sol deri ng erature canno ower Service téenperatu Thus

t he develo nt ol. der, which ca It the first ti

t omper at ur 6he0 the Saifim B HBRa, A AgPRGAIS thermBKRAReIH o lanseidRE Mhis «
tenperature during 10 sol dering such that_lt does not nelt at the -service
t enpér at ur ke highuérniough thad itadaesged ws-melhdudng uaet bnereéarefwheradsingr azi ng
applications it is desirous to have as |ow a brazing tenperature as

possi bl e t gormidnitiBhakssltgrsdahidieaiah single Fgsbaucibly mkltiblgasgets thbat can
occur in the base materials to be brazed. 15 However, the service

t th
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reduce manufacturing costs but obtain a higher re-melt temperature during

10 soldering such that it does not melt at the service temperature, would be
advantageous.

In many automated furnace brazing applications it is desirous to have as
low a brazing temperature as possible to minimize any detrimental
microstructural changes that can occur in the base materials to be brazed.

15 However, the service requirements again mean that the brazing temperature can
not be lower than that experienced in fhe application. Thus the development of a
braze material which can melt the first time at a low temperature to reduce |
damage to the base materials but obtain a higher re-melt temperature during
brazing such that it does not melt at the service temperature, would be

20 advantageous.



damage to the base materials but obtain a higher re-nelt tenperature during
brazing such that it does not nelt at the service tenperature, would be 20
advant agaoa81/8%sMW0 01/ 89757 PCT/ CA01/ 00721 SUMVARY OF THECT/RMENINZON It is
an object of the present invention to provide variable nelting point

sol ders and brazes. The present invention provides a conposition for

sol dering or brazing, 5 conSUMMARY @F DMEANVIENION: i ncluding a first
constituent having a first nelting point, said powder having a presel ected

first nmean partjiGd enfot ot &l pfddent infv@RfdM to'BRIvide Palialsle ReeifindBbk Powder
or netal alloy powder; "and a second constituent including a netal powder

having a s ' 10 point and a presel ected second nean particle
si ze, the %@g?s %@{i H Spoi nt being |ower than the second nelting point,

wherein upon heating, in-situ alloying occurs between the first netal or
netal all oy powdBe PipgentirventiopRiovidesia grinpesitian far soldeiingse) brazindeat i on
occurs at a solder or braze tenperature with little or substantially no
i nt erdet al comppkiage formation. 15 The first nean particle size and said

second nmean particle size are selected to give a maxinumrate of initial

SRS B S
said powder having a preselected first mean particle size, said first constituent
including a metal powder or metal alloy powder; and

a second constituent including a metal powder having a second melting

10 point and a preselected second mean particle size, the first melting ‘point being
lower than the second melting point, wherein upon heating, in-situ alloying occurs
between the first metal or metal alloy powder and the second metal powder such
that solidification occurs at a solder or braze temperature with little or
éubstantially no intermetallic phase formation.

15 The first mean particle size and said second mean particle size are
selected to give a maximum rate of initial melting with minimal in-situ alloying
prior to melting, and a maximum rate of in-situ alloying and solidification at the
solder or brazing temperature.

. The present invention provides a composition for soldering, comprising:

20 a Pb-Sn eutectic powder having a composition of about 62wt% Sn: 58wt %

Pb mixed with a substantially pure Pb powder, wherein a bulk composition of Sn



sol der or brazing tenperature. .The present invention provides a
conposition for soldering, conprising: 20 a Pb-Sn eutectic powder having a
conposi t ivod0u897&bout 62wt % Sn: 58wm % Pb mixed with a subeT/€Abvi/@l7dy pure
Pb powder, wherein a bulk conposition of Sn 5 WO 01/89757 PCT/ CA01/ 00721
in the mxture is in a range fromabout 5 ww%to about 21 wt% In this
aspect of irhtheimixéureiisin &range fioncabputss Wi%rtoabobh 2 wilhe m xture is about
15 Wt % Sn and the m xture.-has an initial nmelting tenperature of about 183C

and a remelt tepgiahspéctr tidMvenien the Buk@nRbGSHRSH of SN MM tHOMixtiFeONi des a

conposition for soldering, conprising: a Sn-Bi eutectic powder having a
i
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range from about W% to about 19wt % In_this aspect of the invention the
bul k corrpo%ggi(gﬁ“'éfa Emels teperalyre Qfrabaus 2590Cabout 3 wt % Bi . The present
i nvention provides a conposition for soldering, conprising: substantially

pure Bn powder Thegdesentingidionaprovidesya gamposition forsoldeing, cpowdising: and
wherein a bul k conposition of Sn in the mxture includes 10 % Sn. In this

G ot 2556 4gTaet SHLE PR g comoalcf LUl 00185 ST LS
245C. The BnnReWAGth PPk Ridly NG Gh (8hF Bolvdlel, b WABRK GIiRIR about
composition of Bi in the mixture is in a range from about 2 wt% to about 19wt%.
In this aspect of the invention the bulk cofnposition of Bi in said mixture is
10 about 3 wt% Bi.
The present invention provides a composition for soldering, comprising:
. substantially pure Sn powder mixed with substantially pure antimony (Sb)
powder, and wherein a bulk composition of Sn in the mixture includes 10 wt% Sn.
In this aspect of the invention the mixture has an initial melting
15 temperature of about 232°C and a remelt temperature in a range from about 240
to about 245°C. The Sn powder may have a powder size is in a range from about
200 mesh to about 325 mesh and the Sb powder has a powder size in a range
from about 200 mesh to about 600 mesh.
The present invention provides a composition fdr soldering, comprising:

20 Bi powder mixed with antimony (Sb) powder, and wherein a bulk

composition of antimony in the mixture is about 10 wt% Sb.



200 nmesh to about 325 nmesh and the Sb powder has a powder size in a range
from about 200 nesh to about 600 nesh. The present invention provides a
conposi t ivodof/ga75s0l deri ng, conprising: 20 Bi powder m xeBCWCAb1/@xiei nony
(Sb) powder, and wherein a bulk conposition of antinony in the mxture is
about 10 wt % Sb. 6 WO 01/ 89757 PCT/ CA01/00721 In this aspect of the

i nventi on t he BIn this\dspectef thairveatipo ik Bi powder may hasege pbwder sikeiin a200
mesh to about 325 nesh and the Sb powder has a powder size in a range from

about 200 pade fromadbsuil 2000nesss fo aBHG 3TRmBsK taHdethBEh Pb@uérﬁ@sla ok
melting tenperature of about 272C and a renelt tenperature of 5 about 285C.
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substanti a pure m Xxe al'lI'y “pure Fsuc hat a
bul k conposition . of Ni t he mxturel i n ran from out 15wt oto
Sbout ‘35 Ve A1 mlile{\'nnﬁ‘tmf@m&%@we 5 abow 7R/ SNG4 TEBIRMeeNBDOT £ i on
of Nl in the mxture is about 25 W% N ,, and the Cu and Ni povvder size is
i n a 9angeabouin@@Héit 200 mesh to about 325 mesh, and the conposition has
an initial nelting tenperature of about 1085C and a renelt tenperature of

about 1175C. | nTheQrbsentanpstiongdrolidesiaw@nposifion ke israzivgpeompesitiga
conmposition for 15 brazing, conprising:
substantially pure Ni mixed with substantially pure Cu powder such that a
bulk composition of Ni in the mixture is in a range from about 15 wt% to about 85
wi% Ni.

10 " In this aspect of the invention the bulk composition of Ni in the mixture is
about 25 wt% Ni, and the Cu and Ni powder size is in a range from about 200
mesh to about 325 mesh, and the composition has an initial melting temperature
of about 1085°C and a remelt temperature of about 1175°C.

In another aspect of the invention there is provided a composition for

15 brazing, comprising:

Cu-Ag eutectic alloy powder mixed with Cu powder such that a bulk
composition of Ag in the mixture is between about 5 to about 8 wt% Ag.

In another aspect of the invention there is provided a composition for
brazing, comprising:

20 Al-Zn eutectic alloy powder mixed with Al powder such that a bulk

composition of Zn in the mixture is between about 10 to 20 wt% Zn.



Cu-Ag eutectic alloy powder m xed with Cu powder such that a bul k
conposition of Ag in the mxture is between about 5 to about 8 % Ag. In
anot her a®@evs976T the invention there is provided a conpoBCT/ICan1/6ge1

brazi ng, conprising: 20 Al-Zn eutectic alloy powder m xed with Al powder
such that a bulk conmposition of Zn in the m xture is between about 10 to
20 Wt % Zn. 7 WArDAN@B@b 7sRt/oEAl ifdernfidn thereds ptdwidedha peatpasftiontfer i nvent i on
there is provided a conposition for brazing, conprising: Cu-P eutectic

al | oy powdpfaAfgi@@mpriding:u powder such that a bulk conposition of P in the

m xture is between about 1 to 2 w% P. 5 In another aspect of the invention

there is providggd I r .. i ri.S|.0ng. - al | oy
powder m xed w éﬂ] %e&?é%@v%ﬁe)&%s% %Qﬁerm'gégﬁ‘h@g%%%g@ﬁ ?‘Bﬁglﬂa%t lltiu@:kbr aze is
about 80% Ni, 149% Cu _ and % Mh. | n anot her aspect_of the invention there
i s provi deBORPESHRBSTH '(BHEP(W'%UIG i patyasy akQdpl ios? WE% Fou- sn al | oy powder
mxed with a NI powder such that the conposition of the braze is 80 %N,
10% Gu, and 10 b snothBRESFecREUR PvECNDIOEhETERS PRAI eSS conpoBitionpioes ent
invention will now be described, by way of exanple only,
brazing, comprising:
Cu-Mn alloy powder mixed with a Ni powder such that the composition of
the braze is about 80% Ni, 14% Cu and 6 % Mn.
In another aspect of the invention there is provided a composition for
10 brazing, compriéing:
Cu-Sn alloy powder mixed with a Ni powdér such that the composition of

the braze is 80 % Ni, 10% Cu, and 10 % Sn.

BRIEF DESCRIPTION OF THE DRAWINGS
15 The present invention will now be described, by way of example only,
reference being had to the accompanying drawings, in which:

Figure 1 is a plot of tempera’;ure difference versus temperature of an
exemplary variable melting point solder produced in ac;cordance with the present |
invention taken from a differential thermal analyser (DTA);

20 Figure 2 shows the results of differential scanning calorimetry for a large

Pb/large Pb-Sn eutectic powder combination;



ref erence being had to the acconpanying drawi ngs, in which: Figure 1 is a
pl ot of tenperature difference versus tenperature of an exenplary variable
mel ti ng poOnt/8wst der produced in accordance with the presP@T/CADHIMERL | ON
taken froma differential thermal analyser (DTA); 20 Figure 2 shows the
results of differential scanning calorinetry for a large Pb/large Pb-Sn
eut ecti c powder Figumb BrettowsitheGevatOaf diffétentiBCScatking 0aidginetfy (BE) Brahows
the results of differential scanning calorinetry (DSC) for a small.Pb/small

Pb- Sn eut egfiafl FI¥RiaN FEESRIddtR BowdHeottinaliss the results of
differential scanning calorinmetry for a solder 'paste containing 90 w % of

smal | Sn and 10F%1?%Qfsﬂq%sgﬁne§%saﬁ§éf.rﬁigfggér]tl Iergé:ﬁjg{iﬁ %al%li]iﬁ‘pﬁryt#a?ar Zd%r\;s of

differential sca ng cal ori metty 0 ast € contarning % of

| arge Sn and 10 wt % of r b icles; Figure 6 shiows the results of
it Per ont | BEsECammRDo bR Sl S anoctn wi O Jarde o BRtis ng 90, w o6 B
and 10 wt % Sb powder; Figure 7 shows is a DSC trace show ng the

mel tidg/ renel t i higuseBashayys ihe resulipobdiffeterdial Starning calrimeaiydongissdderhe
medium Ni particles; and Figure 8 is a diagramuatic representation of the
di fferent phsigadribiniigl 90 A% dfflagyeVsii ball1® Wekof ygeShparsicleder paste

produced in accordance with the present invention. 15 DETAILED DESCRI PTI ON
OF THE | NVENTI qgigure 6 shows the results of differential scanning calorimetry for a solder
paste containing 90 wt% Bi and 10 wit% Sb powder;
Figure 7 shows is a DSC trace showing the melting/remelting behavior of a
10 braze of Cu-25wt% Ni made using the medium Ni particles; and
Figure 8 is a diagrammatic representation of the different stages of melting

of a variable melting point solder paste produced in accordance with the present

invention.

15 DETAILED DESCRIPTION OF THE INVENTION
A solder or braze composition produced in accordance with the present
invention is made by mixiwng a low melting point pure metal or alloy powder
together with a higher melting point pure metal powder. As used herein, the term
pure or substantially pure means a metal having a composition equal to or
20 exceeding 98% of the metal with other elements different than the elements in

the mixture not to exceed 0.5%. (i.e. in the Pb-Sn system described hereinafter,



A sol der or braze conposition produced in accordance with the present

i nvention is made by mxing a |low nelting point pure netal or alloy powder
t oget her wohi8®shi gher nelting point pure netal powder. ABCTSAdI/éESeein, the
term pure or substantwxally pure neans a netal having a conposition equal
to or 20 exceeding 98% of the netal with other elenents different than the
el enent s i substaetiatlyxpureePmotetalds ©€88ePb . gréatef] it ean have lup tBI29%68n diy dtharn
descri bed hereinafter, 9 WO 01/89757 PCT/ CA01/00721 14 substantially pure

Pb netal i ma38%6tHaverarginssieahan iot5wWsH oRane odfertaloyBrelbment. 18 Whost FRa%e8 ot
have anynore’than 0.5wt % of any other alloying elément. In nost cases it

woul d be " GOrTRA BEALLYm TR WD WO BBARLLIBR tloo%%, 6 BPpQiiebet ter.) The
% PUOF R 1oy p C i

| ow and hi gh Tenpéerature” e ers are osen such's that they
have consi derab tual,K solid solybility so that in-situ glloying, occurs
ot ween the | onT BRI HGh eGSR MBIALIE AIOE hewdertsre o | on
occurs wth no or little internetallic formation conpounds being forned
bet wefen t hihat thiy haye corsiferable muilialeplid goprility se.thathe-ditor atieyingroasurs
significant internetallic conpounds within the solder structure can be

det ri ment abetwedrmhetloensid high raéltihg@oirdt podddrs isheh sisdtdplidifieatidn odhgrsbul K
conposition of the m xture is chosen such that its solidus tenperature is

SaP Lo AR MACARLE B GIES Bt e BUbnbiich befucln iR, 1 °
amount - of 'dmntlg'] %He }nl-.glwl gllc];y%gmbpo%e%g.n?ﬁg cg]r%al%%ncoc%nstlérﬂ*iéaenq intermetallic
compounds within the solder structure can be detrimental to the properties of the
10 resulting solder joint. The bulk composition of the mixture is chosen such that its
solidus temperature is equal to, or above, the soldering temperature.

The objective of forming a solid solder or brazé joint at the processing
temperature requires the amount of initial liquid formiﬁg component be controlled
which, in turn requires a bulk solder or brazé composition with a higher amount éf

15 high melting point phase than the prior art solder compositions (generally greater
than 90 wt%). It is important that the bulk composition must be chosen such that
its solidus .temperature is equal to or higher than the sdldering process.

This mixture may be further mixed with a flux to form a paste or compacted
(or tape cast) to form preform wires and/or sheets. The flux used to form the

20 paste can be chosen from compositions commonly used in the art of making

conventional solder pastes. Suitable formulations include rosin dissolved in

10



which, in turn requires a bulk solder or braze conposition with a higher
anmount of 15 high nelting point phase than the prior art sol der

conposi t ivome1/gygeneral |y greater than 90 % . It is inpoPCEAAOL/NERL t he

bul k conposition nust be chosen such that its solidus tenperature is equal
to or higher than the soldering process. This m xture may be further m xed
wi th a fl uisopoopanoinas welkaseachvatedpasin edlutibns whigreinchsled t0td 20 mt¥r ef or m
wi res and/or sheets. The flux used to formthe 20 paste can be chosen from

conposi ti opadiEeRYBRLY di§aficidRid SRk sQbh BBIMA-HEpNvent i onal sol der
pastes. Suitable fornmulations include rosin dissolved in 10 WO 01/89757

PCT/ CA01/ 00721 i | . i vat ed.. iJ)..S ' . Whi..

ncl uded 10 to 38 AP Sa0leEARs Rl on bR e trte Bl dges
DMA- HCL. Al |l powder sources ‘have a distribution of particle sizes,_where
particle siSAefined %ﬁ\%@éxwmﬁ@'ﬁﬁiﬁrrﬂﬁﬁﬂcﬁmﬂﬂﬁt Sgﬁ?eaﬁﬂr%ﬁ'ﬂﬁt@?
spherical particle. The .5 "nean particle size" referred to in.this patent
refer® to dnegeagartioiesizedrefetreddodn thje pptentirefess th ameeasurement af theure, or
in the case of a mesh size range, to a mninum and maxi num particle

di anet er ohvémageamice iambterpist mix@irepbefrothe dSedfacedsheizsaengb\ a
conponents to be joined. The assenbly is heated to a maxi mum tenperature,

whi ch is begl: i ' ‘ el tin oi nt powder.
Dulricng heaﬁlﬁéﬁqrﬁgn%vgﬁenﬂnﬁﬁgﬁfo%? ﬁ%@%&égft@eﬁ@a%ﬁg sprgags thrgughout
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assembly is heated to a maximum temperature, which is below the melting point

10 of the higher melting point powder. During heating the low melting point powder
melts and spreads throughout the paste or preform consolidating the powder
mixture and joining the two components together. With further heating the liquid
metal and high temperature solid metal powders undergo in-situ alloying. This
alloying process transforms the liquid to a solid phase and thus the solder

15 freezes or solidifies at the maximum temperature of the soldering process. For
this to occur the soldering temperature must be equal to or less than the solidus
temperature of the bulk composition of the solder powder mixture. This process
occurs to the extent that no (or very little) liquid metal remains to solidify during
the cool down process and a solid joint is formed at the solder temperature. The

20 absence of a liquid phase during cool down avoids the formation of low

temperature phases, which can segregate to particle or grain boundaries and be
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metal and high tenperature solid netal powders undergo in-situ alloying.
This alloying process transforns the liquid to a solid phase and thus the
sol der 1Wopeewes or solidifies at the maxi num tenperat ur BCDICADH@78D| der i ng
process. For this to occur the soldering tenperature nust be equal to or

| ess than the solidus tenperature of the bul k conposition of the sol der
powder ni xdetrigerital to ghysioad and seechamicad proyertias.ddpon tetteatiog( iive sodder dri t t | e)
liquid netal remains to solidify during the cool down process and a solid

joint is fprgmdviitnot REMERIURET a tafPerAlie Greafétehart theapretAR Mbxitndrhqui d
phase during cool down avoids the formation of |ow tenperature phases,

whi ch can . i cle or grain boundaries and be 11 WO 01/89757
PCT/ CA01/ 0 q&ggjer?rllg ?e&?{eltd'to physi cal and mechani cal properties. Upon

reheating, the solder, or braze will nqt renelt yntil a_ tenperatur reater
than the pr evi oRSrRENGRACESS BRPUG gl Shags e Intialhy DM Reopealda
enough liquid phase nust initially formto consolidate 5 the paste or

pr ef dr m anthespasia@reveformranchspreadwiver ihe Baseomaienals kefgrai the joinHowever a
limt is placed on the anbunt of liquid present in order that it may be

sol i di fi edHawel/be arfiwit BLlaceapR tiwg BRLNOOT MUt Presdrit th badgrtthatihemayasegt h of
time over which the liquid is present it also inportant. If the liquid

re-solidifi o frali td ' i and
o ing. | Chomifeat S makingiteRBbratao fofif 4 SIRAKEE THORMGHIBLIAR 21
Contr f eat.yr.es ,of

?it qLihg ;ﬁ; gérr\&éigﬂtﬁé (ﬁggﬁg?elmrrg%eg{tzt@?%Hngqr?%rlﬁiaRQhé 'ﬂ&‘&% re-sotliglfies too fetlsqe
it may not have time to cause consolidation and joining. Conversely it may be
10 present so long that it never solidifies at the solder or braze tempefature.
Controlling these features of the liquid phase requires careful selection of the
- powder sizes.
The powder size ranges of the different constituents are chosen such that
the maximum amount of initial melting occurs, (i.e. in-situ alloying prior to melting
15 is minimized) and that the rate at which this liquid resolidifies at the solder or
braze temperature is also maximized (i.e. the rate of in-situ alloying after melting
is maximized). The absolute powder sizes for a particular case will depend on the
individual powder combinations chosen and the intended application.
More particularly, the absolute diameter of the particles is important as

20 well as the relative diameters of the low and high melting point powders. The

exact nature of the particle choices is dependent on the systems under
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powder sizes. The powder size ranges of the different constituents are
chosen such that the maxi num anmount of initial nelting occurs, (i.e.
in-situ aVooysyig7 prior to nelting 15 is mnimzed) and tkat/Cabgoa7at e at
which this liquid resolidifies at the solder or braze tenperature is also
maxi mzed (i.e. the rate of in-situ alloying after nelting is maximzed).
The absol utengidewtionsFaesxdmpleairpsystems lvehvere dise low hieltiteppaidt biouit he

i ndi vi dual powder conbi nati ons chosen and the intended application. Mre

par ti cul ar byjidifidietoatsioliyt BofH BIBARS high rh@ﬁinggf htcdcﬁ/%érssﬁomplﬁé\?élémaﬂ 20
well as the rel atlve di aneters of the | ow and high nelting point powders.

The Xact yDAlLE 0 0{9%0@3@616 eSS PR SABRRARST I Wt Bl unde!

COI’] ratl on I'n Systens wher e

the low ne|tin oi nt i f too slo bohlowand

mel ting polait SighisiSaud E&H oSt e e itk BelBewas erEch) 1o
pronote solidification. In sy stem; where the low nelting point liquid

sol i i fi esshoydiraye laige dlameéerd (Rigy 20RO 3206gnpeih )io dalayieekificatiooul d have

| arge dianeters (e.g. 200 to 325 nesh) to delay solidification.

| nt er nedi alrgefmiédiateofatebf shlidifibatibatatdie Sehievdd By eHobsing ifesrengpatititleer ent
particle dianeters for the | ow and high nelting poi nt powders (i.e. large

i oh and stipetet:oHr BFS Iy didH n@ﬂwge%ognf;@ov@ggﬂ 91 RS H B

mel ti ng pornt powders) rraj or- advan presen nposition is
trgﬁi % leqx{\?n‘ﬁ\ﬁﬁggigong lag @% or s%"aﬁ‘ﬁ Itarr]gea Ic>|V\73l H%‘?ﬁngcé’&tn{e pow8erst)1.I gh

A major advantage of the present composition is that by using two

10 alloying components with a larger content of high melting point phase, and the
fact that solidification occurs at the soldering temperature, the formation of
detrimental low melting point phases which segregate to particle or grain
boundaries is reduced or avoided.

The present invention will now be illustrated by the following exemplary

15 and non-limiting examples.

EXAMPLE 1
A solder paste having a maximum solder temperature of 220°C was
chosen. In this case a Sn-Bi alloy was used. Pure Sn powder was mixed with a
20 Sn-Bi eutectic powder with a composition of 63wi% Sn: 57wt % Bi such that the

bulk composition of the mixture was 3 wt% Bi. This composition was chosen
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fact that solidification occurs at the soldering tenperature, the formation
of detrinental |ow nelting point phases which segregate to particle or
grain bovoduasy’es is reduced or avoi ded. The present inveR€T/6A0UNI7RI Nnow be
illustrated by the follow ng exenplary 15 and non-limting exanpl es.
EXAMPLE 1 A sol der paste having a maxi mum sol der tenperature of 220C was
chosen. | nbebtausecits soliduSrieBipenbivoy isvagual 4@ @20PGr Eh&popalsie wera snixed aithwi t h
a 20 Sn-Bi eutectic powder with a conposition of 63wt % Sn: 57wt % Bi such

that the byghkieCimpaghlsi @mmbn il thdTht! Mofe YBScifically’a BbsteTéﬁnﬁalﬁWM%O” was
chosen 13 WD 01/89757 PCT/ CA0O1/ 00721 because ifs solidus tenperature is

i wore Spie ARG AL Fo Wi 4t PuER b B RS ER et B e By o "B

10 wt % of an activated resin solution was found to be a suitable

f or mul at i ofl.SualiedopaEtalioRas heated to 220C in a Differential Ther nal

Anal yser (DTA), which allows the neasurenent of nelting events. The sanple
was then cool edThe pastwan dheaibathta 2P@UT éda thifferedGal Pherdneal Sadysen¢DTAyeNt t o
neasure its re nelting characteristics. The trace fromthe DTAis shown in

Figure 1. @hidH dllovds the mBHsG@nRSht df'ﬁ‘?elflhgﬁ glehtsEhé @énﬁﬂéb@s'tﬁeh%@b% tot he
low nmel ting point Sn-Bi powder 10 nelts at 140C. This is fol

in-situ al beyEngdRRERTERLRE 152 AR thE %l me instrument to measure its re-

melting characteristics. The trace from the DTA is shown in Figure 1. As Figure 1
indicates, the first time the paste is heated, the low melting point Sn-Bi powder
10 melts at 140°C. This is followed by in-situ alloying between the Sn powder and
the liquid, which leads to some secondary melting. The absence of a
solidification pegk when the sample is cooled indicates that the sample
substantially froze at the solder temperature. When the sample is reheated, no
melting takes place until a temperature in excess of 220°C (more specifically
15 225°C). Metallographic examination of solder pastes heated to 220°C indicates
that coalescence of the solder occurs such that a density of greater than 95% is
achieved. In addition, no low melting point eutectic phases were found in the
processed solders.
For this system, the Bi composition could range from about 2 to 19 wt%
20 depending on the application. The initial melting temperature will remain fixed as

the Bi content changes, however the remelt temperature will not. The remelt will
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the liquid, which leads to sone secondary nelting. The absence of a
solidification peak when the sanple is cooled indicates that the sanple
subst ant ive0 by8478bze at the sol der tenperature. Wien the sep@apiCaoi/@7eeheat ed,
no nelting takes place until a tenperature in excess of 220C (nore
specifically 15 225C). Metall ographi c exam nati on of sol der pastes heated
to 220C i nchrg fesm aboatt 2268C ext Bi+2% dufwri treciost te140UC at a Biwohtdritaf 18%.
density of greater than 95%is achieved. In addition, no | ow nelting point

eutectic phrsesopes eTh& U e ithe thBiceRIf@BRTRHIchA8FHRineEhe Bicunt et em the
Bi conposition could range fromabout 2 to 19 w% 20 dependi ng on the

content ol oyt bR sl i IR & g MhocedstBRigbratifE hef Bap el )
14 WO 01/ 8975%“ECT/ CA01/00721 range from abci h@%ZSC%H Bi =2% . down to cl ose

to 140C at YSCBItheAREMUMBPracRss temprratumsgfrou sxeped eeedidi ce of
conposition determ nes the amount of nelting point shift and the peak

sol de? or teraperapirecddhe minipelat ure that can be wused (the maxi num process
tenperature should not exceed the renmelt 5 tenperature of the mxture).
EXAMPLE 2 A sol der paste having a maxi mum sol der tenperature of 250C was
chosen. In this case a Pb-Sn alloy was used. Pure Pb powder was m xed with
a 10 Pb-Sn eutectic powder with a coxRrfftg 9n of 62wt % Sn: 58wt % Pb such
t hat the

A solder paste having a maximum solder temperature of 250°C was

chosen. In this case a Pb-Sn alloy was used. Pure Pb powder was mixed with a
10 Pb-Sn eutectic powder with a composition of 62wi% Sn: 58wt % Pb such that the

bulk composition of the mixture was 15 wt% Sn. This composition was chosen

because its solidus temperature is equal to 250°C. The powders were mixed with

paste éhemicals common in the art. More specifically a paste containing 90 wt%

of the powder mixture and 10 wt% of an activafed rosin solution was found to be
15 a suitable formulation.

To illustrate the influence of powder size over the re-solidification of the
liquid phase, several powder size combinations were tested. In the following the
term “large particles” refers to powder in the size range of 200-325 mesh and
“small particles” refers to powders in the size range of 500-600 mesh. A large

20 diameter of the high melting point powder (i.e. Pb) was mixed with either large

diameter particles or small diameter particles of the Pb-Sn eutectic low melting
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bul k conposition of the m xture was 15 wt % Sn. This conposition was chosen
because its solidus tenperature is equal to 250C. The powders were m xed
with pasveovswsicals conmon in the art. More specifical | pJCHCAABO0EG21
containing 90 wt% of the powder m xture and 10 wt % of an activated rosin
solution was found to be 15 a suitable fornmulation. To illustrate the

i nfl uence péwdendlens srezding\eefirst bed seesind pdwller size@enddination. A smalld phase,
several powder size conbinations were tested. In the following the term

"l arge par Hiaphéter of Bledigh infelyVpeint Pb patecles 2@y &R With éRReddRyeresh and
"smal | particles"” refers to powders in the size range of 500-600 nesh. A

|arge 20 dyaber oglcldie, N Al BEHJO0oARLRAL JMERH &b EreMlolRehgEd W th

ei ther | arge ter pa €s or s partic Pb- Sn

eutectic lowneltin 15 WO 01/ 897 PCT/ CAD1/ 00721 powder, thus creating
o T st anBOWBBb IS SRR PUOASIbONE RATIS SR FomblAdg: APaSIe She hi oh
melting point Pb particles was mxed with either large dianeter particles
or srial| deaeeobihesfur powder combinatipbs Srascheated ite 260wGisnl a DE-. Tdwnder, t hus
creating a third and fourth powder size conbination. A paste of 5 each of

the four peathplescnsiy thehi covtedrs1 1820 afd tiser? Fdhe@téd i RSROOFIRINn thanpl es
were then cooled to 115C and then. reheated to over 300C in the sane

i nstrunent éﬁeqﬁ%mgpg{gstagggm id H%gﬁn%tgﬁggﬁgéé@@%% The trace fromthe

¥
DSC for a Farge _ n e'ut ec _ nation and snal |
Pofsmal I Pb-Sn 4hL 8o hrdR e DO IR 'S Pofafe®BB¥h eutectic powder

combination and small Pb/small Pb-Sn eutectic powder combination are shown
10 in Figures 2 and 3 respectively. Both solder pastes have similar initial melting
characteristics. The first time the pastes are heated, the low melting point Pb-Sn
powder melts at 183°C. No additional melting takes place up to the peak
temperature of 250°C. While ndt evident in the 1 heating cycle, in-situ alloying
does occur between the eutectic liquid and the Pb particles. In-situ alloying is
15 indicated when the samples are cooled and then reheated. For the case of the
small Pb/small Pb-Sn eutectic powder combination, no solidification of eutectic
occurs during cooling and very little remelts upon reheating. This indicates the
eutectic liquid did solidify at the peak temperature by in-situ alloying.
Upon reheating, melting begins at a temperature of about 240°C and
20 continues to a temperature of 290°C. Pure Pb has a melting point of 327 °C.

Therefore significant in-situ alloying between the Pb and eutectic powder durihg
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10 in Figures 2 and 3 respectively. Both sol der pastes have simlar initial
nmelting characteristics. The first tine the pastes are heated, the | ow

mel ti ng poodnt/sPs? Sn powder nelts at 183C. No additional PeT/CAdGOX2aKeS

pl ace up to the peak tenperature of 250C. While not evident in the 1St
heating cycle, in-situ alloying does occur between the eutectic liquid and
t he Pb par initidl déeatihg istheuoray Mayi ingvhish ASneltidg cangel betvesen B40-286HCaoudd e

cool ed and then reheated. For the case of the snmall Pb/small Pb-Sn

eutectic pﬁé@'@bcé@*ﬁ@d Débh@&\eélmgs%b%!‘;ult‘@éf Pigurd 3 ehRsiidtate e 'ahs during
cooling and very little renelts upon reheating. This indicates the

eutect i c | | apl fd) el el Y-SRl bEABREALTE WY shigepbbucRl | oY1 o

Upon reheating, mel Tl n ins a errpera and 20
continues to a tenperature of 290C. Pure Pb has a nelting point of 327 C.
Therefore SYYRMicant in-situ alloying between the Pb and eutectic powder
during 16 WO 01/89757 PCT/ CA01/ 00721 initial heating is the only way in
whi ctb a el ti ngTherggeRhAasgn Pr48n 200Tticcnavdlereamebinaiion dees indigate eheat i ng.
The results of Figuré 3 denpbnstrate that an increased nelting point of

over 50C csglidiicationi chededtic ltdnjidsdaﬂhgiebolirgféﬁd st @utectic femelt ugisg Pb/ | ar ge
Pb- Sn eutectic powder conbination does indicate. solidification of eutectic

o )t PRRVEECH S P B S M R PPl ° o
signifi cantp esscc)eln't ds'of ISI(Q:%I IICgI[l]t gghd%f%%twn %Hhe qug %hglsg d?dC Sgéuraatt tﬁé‘ %egl%ak
temperature. The presence of a melting range between 240-290°C upon
10 reheating also indicates that significant in-situ alloying occurred.

However the use of this powder size combination has slowed down the
solidification of the liquid during soldering compared to the small/small powder
combination. Table 1 gives results for the amount of eutectic left upon re-heating
for all four powder size combinations as determined by the type of DSC

15 experiments described in Figures 2 and 3. Clearly the choice of powder size
combination determines the rate (or amount) of low melting point phase that can
be re-solidified during soldering. Large/large combinétions would be chosen if the
consolidation and joint formation required the liquid to be present longer. Holding
the solder joint at peak temperature longer than that done in the (differential

20 scanning calorimeter (DSC) experiments would eventually solidify the solder

even in the large/large case so that its remelt characteristics would be similar to
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tenperature. The presence of a nelting range between 240-290C upon 10
reheating also indicates that significant in-situ alloying occurred.

However twWeouswspf this powder size conbination has sl oweBCToWA1/00121
solidification of the liquid during soldering conpared to the small/snall
powder conbination. Table 1 gives results for the anmount of eutectic |left
upon r e- hetitat of thef fime/éihé cheamndachetting Eantshifiiof &0°° Groudd bd eicbiavieded by t he
type of DSC 15 experinents described in Figures 2 and 3. Cearly the choice

of powder R #k s8I that3PBostehEENNIAENGS FohPb €0 AW ATTHRISan® rdRWniRY ti ng
poi nt phase that” can be re-solidified during soldering. Large/large

conbi nati ops i f | i IOl [ on
required t erel\éﬁgétldoﬁ ﬁ 8%@3‘&8@ ﬁ%é}ﬁBeng@?.aQ#oqd%%‘g&wﬁ ﬁgeé&%dgrte? EjS%él I[ié gt peak
tenperature | onger, fhan that dong in th differentjal 20 _scanning

ol br | ot cRPPIR s AR G LG Bk TRPEIAUG W TRGS (0Ts8Pad:  even i n
the large/large case so that its renelt characteristics would be simlar to
17 WD 01/ 8806°C (&%) down/tootB3EIC (RASK). of the fine/fine case and a nelting

poi nt shift of 50C could be achieved. In this systemthe Sn content could

range from5 toWkiiletitis Smplerntas basstnona Ph-Sr rhentsivilat Reultemuld be
tenperature di scussed above with respect to Exanple 1 applies in this

exanpl e al %99/8&5%6'q%| n-B?Wé{eéEr%e\ﬁiiblthégm%xfa%e.abom 5 300C (5% down

to 183C (2 I'1e this exanple was based on a Sn systemsimlar
results would be expected for the Sn-Bi alloy described in the first
exanpl e.

EXAMPLE 3

10 A solder paste having a maximum solder temperature of 240°C was
chosen. In this case a Sn-Sb alloy was used. Pure Sn powder was mixed with
pure Sb powder such that the bulk composition of the mixture was 10 wt% Sb.
This composition was chosen because its solidus temperature is above 240 °C.
The powders were mixed with paste chemicals common in the art. More

15 specifically a paste containing 90 wt% of the powder mixture and 10 wt% of an
activated rosin solution was found to be a suitable formulation. The paste was
heated to 240°C in a DSC. The sample was then cooled to 200°C and then
reheated to above 290°C in the same instrument to measure its re-melting
characteristics. -

20 The influence of powder size was also investigated in this system to

illustrate a different powder size effect than that seen for a system like Pb-Sn
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EXAMPLE 3 10 A sol der paste having a maxi mum sol der tenperature of 240C was
chosen. In this case a Sn-Sb all oy was used. Pure Sn powder was m xed with
pure Sb poowes97such t hat the bul k conposition of the m xtREECAABOIO W % Sb.
This conposition was chosen because its solidus tenperature is above 240 C.
The powders were m xed with paste chem cals common in the art. Mre 15
speci f i cal dgsaiheasinexaomlai2nimthedirsivaseofsmalkS p padioiesti(ke UFRD-800 nddshit % of
an activated rosin solution was found to be a suitable forrnulation: The

paste was waedhfited RitR4RiFgé SbpdislesT(ie. SERhEH)ETHE hee FRM Bk DE2R0C and

then reheated to above 290C in the sane instrunent to neasure Its

re- el ti ngsp SHATAEIILSE iR P urHnbHAHE R AbaPANIRE Bidfs. 4ps al S0

i nvestigate System er ent “powder ~si ze ef fect
than that seen for a _systemlike Pb-Sn 18 01/ 89757 PCT/ CA01/ 00721
Goacr i bod TEMRBEMIEDTRSE | Rethe Meling aabrbalhRure Sa. Mare SIS Bkps o

500- 600 nesh) were mxed with "large Sb particles" (i.e. 325 nesh). The

tracé fr onplalse Wish heatinghoto 2A0 FC gihenghe Bagnpile isscoelpdesarne sphdifieatian
heated, nmelting begins at a tenperature of 232C (i.e. the nmelting point of

pure Sn). tdkee piEtd.i\Wbeh thesampl Bae-hded Reat iithd mutindoed@shelderabhe

sanple is cooled, sone solidification takes place. Wien the sanple is
R Rk Lo B RS MR
solidification peaks are relatively small and much lower than that expected for the
amount of Sn present in the sample (i.e. assuming all the Sn powder melted in its
10 pure form).

Extensive metallographic examination revealed that significant
interdiffusion between the pure Sn and Sb particles occurs prior to melting. This
reduces the amount of liquid phase produced at lower temperatures (i.e. between
232-240°C) reducing solder consolidation and the extent of the melting point

15 shift. In essence the in-situ alloying that is counted on to cause a melting point
shift begins in the solid state which is detrimental to the over all objective of the
invention.

To counteract solid state interdiffusion prior to melting large Sn particles
(i.e. 100-200 mesh) were mixed with the large Sb particles of the previous case.

20 " The same heating cycle as above was used. The DSC trace from this solder '

paste is illustrated in Figure 5. The original melting and solidification peaks are
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solidification peaks are relatively small and nmuch | ower than that expected
for the anmount of Sn present in the sanple (i.e. assumng all the Sn
powder naVoeusy7a7its 10 pure forn). Extensive netal |l ograpéiT/€Aexex2nat i on
reveal ed that significant interdiffusion between the pure Sn and Sb
particles occurs prior to nelting. This reduces the anmount of |iquid phase
produced amuchiemer eopgramed ietheg ¢ase oftmhale8n pa2Bde4T1GY indichtes tirptdoe der
consolidation and the extent of the nelting point 15 shift. In essence the

in-situ al |8y oPBirgd&n partieled HiaHitdSolicPsiafd Fle@ifftRIdH §endrating merBilguideygi ns
in the solid state which is detrinental to the over all objective of the

I nventi on. | d .S i WAL L Ol ol ¢ I&i ng | arge
Sn parti cl gggseggy@b\%{%ﬁ?g%ﬂ&%g h;rﬂ%?erﬂélr?nhgg%wgﬂ)ﬁﬂte ﬁé’l a?égalgg épﬂart i cles

of the previqus case, 20 The_sane ting cycle as above was used. The DSC
race 1 o Saaiar Glbmbol e amaLenade S irgls d SSIAHES ANGETal
nmelting and solidification peaks are 19 WO 01/89757 PCT/ CA01/ 00721 nuch

| ar gér conpambihations iedyesstheosordact| dregipepaeen heebvo poivder tyges #hius t hat t he
use of large Sn particles inhibits solid state interdiffusion generating

more | i qui eedueirapsolrt stapterdfffie®mt ures. The re-nelt behavior of the |arge
Sn-large Sb mxture is simlar to that of the small Sn-large Sb m xture.

L /1 ; ' ' . . t
At S

can take place, large/large combinations of powders should be chosen to
maximize the amount of low melting point liquid phase.

10 Particle size effects have a different influence over behavior in this system
than seen in the Sn-Bi and Pb-Sn of examples 1 and 2. This is partly due to the
fact that solid state interdiffusion is not significant in the Pb-Sn and Sn-Bi
systems. However examples 2 and 3 point out two important controlling aspects
of the variable melting point process. Both the amount of the initial low melting

15 point liquid phase and its duration in the powder mixture, are important to the
success of the VMP technology. The choice of particle size can strongly
influence both of these processes and therefore is an important controlling
parameter.

In the experiments of Figures 4 and 5 the solder was not held for any time

20 at 240°C. If a holding period were included, some isothermal solidification would

have occurred limiting the amount of freezing during cooling. This would lead to a
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Clearly in solder conbinations where significant solid state interdiffusion
can take place, large/large conbinati ons of powders should be chosen to
maxi m ze woer/satsunt of |ow nelting point |iquid phase. 10PCHCADBIE2EI ze
effects have a different influence over behavior in this system than seen
in the Sn-Bi and Pb-Sn of exanples | and 2'. This is partly due to the

fact that eshightehfietaiuné arfeiwfdatpeenhi enmarsmmshownnh Figurt$ 4 &t §n and
Sn-Bi  systens. However exanples 2 and 3 point out two inportant

controlling aspects of the variable nmelting point process. Both the anDunt
of the initial low nelting 15 point liquid phase and its duration in the
powder m xture, are inportant to th AXRNﬁﬁﬁia of the VMP technol ogy. The
choi ce of particle size can strongljE ce both of these processes and
therefore is an inportant controlling paraneter. In the experinents of

Fi gures 4 and SAtseddeygrasée haringreomaishdmisaidentempenatureof 285420@s |1 f a
hol di ng period were included, sone isothermal solidification would have

occurg ed | bbddrman tHie cAB® disi-Sf aﬂds;e%vsngedu Pufg B¢ pelvtBBwas hhisedtinthdread to
a 20 WO 01/89757 PCT/ CA01/00721 re-nmelt tenperature a few degrees higher

i mum ol 4a0 W%%%‘PE?&?@“%&%&%“ Q@NPOE?S%‘WPPA URPFRMESBILE | oy

was used. Pure Rovvder was ,ni xed ovvder such t a}t t he bul k

conposi ti oﬁo'@PO?'ltn'Q NY3& ‘E’?%SW%S% ﬁ@@per ure is approximately
285°C. A paste containing 90 wt% of the powder mixture and 10 wt% of an

activated rosin solution was found to be a suitable formulation. The paste Was
10 heated to 285°C and held at that temperature for 5 minutes in a DSC, which
allows a quantitative measurement of melting events. 'i'he sample was then
cooled to 210°C and then reheated to 350°C in the same instrument to measure
its re-melting characteristics. The trace fro’m the DSC is shbwn in Figure 6.
Melting of the powders during initial heating began at the melting point of
15 Pure Bi (i.e. 272°C). When the sample cools, only a small solidification peak is
evident indicating that in-situ alloying has occurred between the Bi liquid and
solid Sb such that the liquid solidified at the solder temperature. Upon reheating
the solder does not melt until the original peak temperature is exceeded. The
compositions exemplified in Example 4 are isomorphous and the compositional
20 range could be very large depending on the application. Efficacious solder

compositions may be formulated having between 10 to 80 wt% Bi in the Sn-Bi
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conposition was chosen because its solidus tenperature is approxi mately
285C. A paste containing 90 wt % of the powder m xture and 10 wt % of an

acti vat edaw@ 08891580l uti on was found to be a suitabl e fornmuPatriCan/ooTee paste
was 10 heated to 285C and held at that tenperature for 5 mnutes in a DSC,
which allows a quantitative neasurenent of nelting events. The sanple was
t hen cool sybtém. 210C and then reheated to 350C in the sane instrunment to
measure its re-nelting characteristics. The trace fromthe DSC is shown in
Figure 6. Melting of the powders during initial heating began at the
melting point of 15 Pure Bi (i.e. 272C). \Wen the sanple cools, only a

smal | solidification peak is evide A KHGH ing that in-situ alloying has
occurred between the Bi liquid and riés)(%'lq‘?'%ksuch that the liquid
solidified at the sol der tenperature. Upon reheatin the sol der does not
melt until the OArgziRg cosrRAUNdheEnG eURaXinMyIne beaziag iempa@turedfpddior Cons
exenplified in Exanple 4 are isonorphous and the conpositional 20 range
coul b be very chasge. lddhisnzisecn Ou-Nialoyppads aaed.oPurcElif paederonss sixetbwith
conpositions may be fornul ated having between 10 to 80 Mt% Bi in the Sn-Bi

21 WO 01/ BEJ@CE’@M@%%/U@H?% théMl@B@mE&ﬁNBﬁ%f%Mt@?é Was Q8RO N, havi ng

a maxi num brazing tenperature of 1110C 5 was chosen. In this case a Cu-N

o oo SR S RS ble RHRSrBRHEST 74E] et (e

above the brazing temperature of 1110 °C. The braz_ing compound was heated in
a nitrogen atmosphere at a rate of 20 °C pér minute to‘1 110°C in a DSC, which

10 allows a quantitative measurement of melting events. The sample was then
cooled to 925°C and then reheated to 1110°C in the same instrument to measure
its re-melting characteristics.

The influence of powder size was also investigated in this system. In all

cases the Cu powder size was fixed at a mesh size of 325. However this Cu

15 powder was mixed with one of three different Ni powder sizes. Thése sizes
included “large Ni particles” (i.e. 48-150 mesh), medium Ni particles (i.e. =100 +
325 mesh) and small Ni particles (3-7 microns). An example of the
melting/remelting behavior of these brazes is shown in Figure 7 for the case of
Cu-25wt% Ni made using the medium Ni particles.

20 Melting of the Cu powder during initial heating began at the melting point

of pure Cu (i.e. about 1085°C) and the DSC trace indicates a large melting peak
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Thi s conposition was chosen because its solidus tenperature (i.e. 1175C),
Is above the brazing tenperature of 1110 C. The brazi ng conpound was

heat ed i WO a1/8476T ogen at nosphere at a rate of 20 C per m POT/€ADBOTAN0C in a
DSC, which 10 allows a quantitative nmeasurenment of nelting events. The
sanple was then cooled to 925C and then reheated to 1110C in the sane

i nst r ument betwvesmatiBeand 114 108G .Mdhenrthe shnpde wwarsi coolexds .a [Ahge solidificatioa of
powder size was also investigated in this system In all cases the Cu

powder si zZgedRfs dlsd didehnt. HAREVrS 'uﬁl_sn eéheiting, Hevsiek didardy iRbicalds #owder was
I

m xed with one of three different powder sizes. These 'sizes included

oaroe N papkl ﬁngq‘flﬁq\i%igg(r)pél&c;f%%(agﬁ%O°C’3r§%%y'\qitﬂ8q{)ttﬁil) et tp fo thiet 00 *

325 nmesh) a I cles m cr ons).” ‘AN éxa

mel ting/renel ting behaviaqr, of these brazes is shown in Figure 7 for the
Case of | ChERlaIpRtAR s 119055, CREImRA Tio RBZg Aot Te1 BSoNg M fePng of t he
Cu powder during initial heating began at the nelting point of pure Cu

(i . e.5 abouindiczésyeryriitle re-sgiitificatiane Thase éeatoreson thegeSketurvadndgieate 22 WO
01/ 89757 PCT/ CA0O1/ 00721 between 1085 and 1110C. Wen the sanpl e was

cool ed, a fraitgiyrifandir-siqablicying pasloctarred iy psledérs roouingin aHpon
reheating, the braze clearly indicates a higher nelting point onset of

about 1100f-Adkbaen¥itinbtddig. total nelting up to the peak tenperature of
1110C. Cool 1 ng of t%e Eréadze for the second tine also 5 indicates very

litthe re-solldghl cal h0Bntithls fnda2Bhith&Sts ot B8 nfddls fFoth D58 Such

as that of Figure 7. The enthalpy of melting (in Joules/gram (J/g)) of the initial Cu

10 _liquid can be measured as well as the enthalpy of the re-melt peak upon
reheating the braze. The magnitude of these values directly indicate the amount
of liquid formed in the braze compound. These measurements were obtained
from a series of experiments designed to illustrate the influence of Ni patticle
size, hold time near the braze temperature and heating rate on the melt/remelt

15 behavior of a Cu-Ni variable melting point braze compound. Tables 2 and 3
summarize the results of this work.

In Table 2 the influence of heating rate and Ni powder size on the initial
melt and re-melt peaks are illustrated. At a given heating rate, the amount of
liquid, which forms upon the first heat cycle, is strongly influenced by the Ni

20 poWder size. As the Ni powder size is reduced, initial liquid formation is reduced.

This occurs to such an extent that, when a small Ni powder size is used, no initial
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that significant in-situ alloying has occurred in the powders resulting in
an increased nelting point. Several quantitative neasurenents can be nade
froma DS®01/8087 such as that of Figure 7. The enthal py p€T/@abt/o0Tgl (i n
Joules/gram (J/g)) of the initial Cu 10 liquid can be neasured as well as
the enthal py of the re-nelt peak upon reheating the -braze. The nagni tude of
t hese val upeltiig iscetgcied dipdatthe bnezeateamparatureé of i1dd0tC {excapd at a Heaé rédeaze
conpound. These neasurenents were obtained froma series of experinents

desi gned t gf 44 PGRhiINAWRErE 8 VeR) SHRNGENAINtNF nRdlfifd [ Getelcts. bedneﬁﬁa'p_rm near
the braze tenperature and heating rate on the nelt/renelt 15 behavior of a

QN var | ghl 6 W) AR Y el SRIABHMLn I APLSR SR fucharIERT | 28 the

results of STWOrK’ e Intltence o I'hg fate and Ni
powder size,on the ipitial  nmelt d re-nelt peaks.are i]Justrated. At a
Cven hoat WM RIS PrbvcamiPuse Lo AN PokREn Fris IeTBIAmBIaalogs hoat
cycle, is stronglél i nfluenced by the NI 20 powder size. As the N powder
si ze 9 s rethecpdre Cupoiger ko the exteot tinat ite meliing paint ebiifts ableve 1ddOEs Tablesuch
an extent that, when a small NI powder size is used, no initial 23 WO

01/ 89757 PLTAdIARLEARFR s thekhinple issheltbe tastdr, lesd ime hegiveaZer prsalleyiagur e of
1110C (except at a heat rate of 40 C mn, where a very snmall anount of

IR T i L TR
Qu and N Bﬁb"'d n?erdsiUmTIQii bsovivé]etrev(/gsi ngg %noﬁ]eptgr%%cle lc% Spound. With the use of large
Ni powder and a heating rate of 40°C/min, liquid formation during initial heating is
10 near 100%. This indicates that prealloying prior to melting can be avoided by the
use of large Ni powders and high heating rates. |
Table 2 also indicates the degree to which the melting point shifts by
measuring the enthalpy of remelting when the sample is reheated to the braze
temperature of 1110°C. As the Ni particle size is reduced from large to medium
15 the extent of the melting point shift increases. (A melting point shift has little
meaning for the Fine Ni samples where no initial melting took place).
Metallographic analysis indicates that good consolidation was achieved in both
the Cu-25wt% large Ni and Cu-25wt% medium Ni braze samples. Therefore,
since a better melting point shift was échieved with medium Ni particles, these

20 would be the best candidate for a variable melting point Cu-Ni braze.

The compositions exemplified in Example 5 are isomorphous and the
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5 the pure Cu powder to the extent that its nelting point shifts above
1110C. Table 2 indicates that, as the sanple is heated faster, less tine
is givenwWopyga7eal | oying, resulting in nore initial neltPOyCAMNE21 s nost
evident in the mxtures where large and nedium Ni powder was used in the
braze conmpound. Wth the use of large N powder and a heating rate of

40C/ nin, | icpugbsitiraranye ool b vary largk deprhndig o thHapsivatidA0% Thi s
i ndicates that prealloying prior to nelting can be avoided by the use of

large N p@fﬂ@é O@Grﬂlrﬁtﬂ? Eb?l'ﬂgn%% e?@mﬁat@dﬂ%ﬂ ﬁ%ﬁg{tx}ﬁ% odgar ee

to which the tlng measuring the e remel ting
when the s | he t to.the braze tenperature of 1110C. As the N|
particle si % '\féﬂ& SEUNESE ye to medi um 15 the extent of the nelting
poi nt shift | ncreases. (A nelting point shift has little neani ng for the
Fine Ni sanpl es Naghehawor ofithe yariasle maling awintsiolders andverezes apdabei c

anal ysis indicates that good consolidati on was achieved in both the

Cu- 25%t % | anfiesnde airpbriitie 3& €anrbe iundeidtodd ane desorbed usihbedhefschematisi nce a
better nelting point shift was achieved with nedium N particles, these 20

woul d be t hgodgPresametdRFRydrers. & héaéﬂa?f%lé |Méfl@ﬂe99bﬁée@énwhel§@3? The
conposi tions exenplified in Exanple 5 are isonorphous and the

o the sop HAPPLFE R SRS PRSAOER B sy prenc v
having bet VI\EBxamp es 'ét 22 and 5.
Depicted in Figure 8 is an arrangement of pure Sn and eutectic Sn-Bi
10 Apowders as they would exist in side the solder péste. In areas where fhe Sn and
eutectic particles are in direct contact, solid-state interdiffusion can occur as the
solder ié heated (i.e. stage |). In this alloy system interdiffusion primarily results in
the absorption of Bi into the pure Sn particles to form a Sn rich solid solution near
the surface of the particle. This could actually result in a small reduction in the
15 amount of eutectic in the material prior to melting. (The Sn-Sb system of example
3 and the Cu-Ni of example 5 clearly illustrate cases where interdiffusion in stage
| can significantly influence the process). When the eutectic temperature is
reached, the eutectic particles melt and begin to spread throughout the powder
 compact by capillary forces (i.e. stage Il). As the liquid spreads it comes in
20 contact with a large surface area of pure Sn solid. In order to maintain

equilibrium, surface diffusion of Bi into the Sn occurs rapidly, resulting in in-situ
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80 %N in the Cu-Ni system The behavior of the variable nelting point
sol ders and brazes and the 5 influence of particle size can be understood
and descw®edsusi ng the schemati ¢ nodel presented in Fi gee®C8901/0hel exanpl e
in the figure is based on the Sn-Bi solder of the first Exanple | but the
princi ples described apply equally well to Exanples 2, 3, 4 and 5.

Depi ct ed i alldyingiard 8e4isslidificatioraofthediouicdbbegins ¢Sgediy Burirerstagedh- Bi 10
powders as they would exist in side the solder paste. In areas where the Sn

and eut ec¢bisdiaation bﬁm@écﬂdéﬂaﬁﬂ Ioﬁmhg QM phse §9Mp@n§hﬁtrﬂu5tﬂ§&!u@“ ffusion
can occur as the solder is heated (i.e. stage |). In this alloy system

'nterd'ffu‘fhg%f@tre tH8" a!n%ltoﬁsl’g%rfﬁ%éé@%“w a%%nﬁ’lrl?t' i3l s, SR Ihfgﬁtupure Sn

particles orma n rc ear esur ace of 't

particle. Ens could ac %}13 result in as edgf#lonjnthe 15 anount
of eut ect i 819Ying AR Fersefid %?W BEMaglyRIUrH YS&"Tfﬁ%e USIPS & Y of  exanpl e
3 and the Cu-Ni of exanple 5 clearly illustrate cases where interdiffusion

in stage sendilivesioghiefsuttaselaren of theepgre $héophigbeseltingteint) howsierodt i c
tenperature is reached, the eutectic particles nelt and begin to spread

t hr oughout hrgheswmé@rreawméht henahe Isbiley pbsteciemade ithsdraglediaheteAs t he
liquid spreads it cones in 20 contact with a |arge surface area of pure Sn

31 oceur s ?QSﬁrﬁ'é'?s i ?ﬂeﬁ%reﬁ‘%%‘h@?’%ﬂ&" SR ol et "

2![ ;ggi |n|g apr)lgstree;s ?noa e W|tll'\ (féa}'tglecg]n rtltcnas lThg%lzde cl))fe t%quw(mel?ﬂg pomjt)part'l)cfes ng

also effects stage lll. If the eutectic partfcles are small the low melting point

10 . phase is inherently uniformly distributed throughout the powder compact. When
this phase melts it does not need to spread as far to come in contact with solid
Sn surface. Therefore re-solidification can occur more quickly. When the eutectic
particles are large the low melting point phase is inherently poorly diétributed.
Therefore when the particles melt the liquid must flow over longer distances td

15 come in contact with solid Sn Asurface. Consequently in-situ alloying and
resolidification occurs more slowly. On this basis combinations where both
particles are large should lead to the slowest resolidification whereas
combinations where both particles are small should lead to the fastest
solidifications. The example 2 clearly demonstrates that this is the case.

20 In solder or braze formulations where a limited amount of low melting point

powder is present such as in the Sn-Bi and Pb-Sn solders of Example 1 and 2,
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consolidation of the solder and joining to the base conponents nust occur.
Therefore the transition fromstage Il to stage Ill is a critical step.
Since i nvOVU897&t | oyi ng and re-solidification primarily oBCTMCa0l§078ur f ace
diffusion it is very 5 sensitive to the surface area of the pure Sn (or
hi gher nelting point) powder. A high surface area is present when the
sol der pastsow sessalidifioatidn andithe dsaotlaege pwdpacombiredioasdvill lilkely achieve
re-solidification is rapid. The opposite occurs when the paste is nmade

wi th | arge the bRt idseltesin foRAuRItiaAs Wherd RidrodmBBhis sfdoRah8lting poldereare al so

effects stage Ill1. If the eutectic particles are small the Tow nelting
nt 10 L A s A i k- wd
Corpact . Wiaotn LS S-oK, CMIpA ML Sbool iy s ftatittnel B8 10" Core

in contact with soli Sn surface. Therefaore re-solidifigation can. occur
nore qui cklrﬁquw(iﬁ”gﬁ@eéﬁ?é’glsﬂ@% R?:IP{"]?&P ingtions Jesiredh ﬁpdﬁ@?ﬂ?f Fﬂbﬁﬁoi nt
phase is inherently poorly distributed. Therefore when the particles nelt

t he | Pqui d GurdNi sysiem vhere masien Niipsrtiglesara betle tbendange Nigrartideswi t h sol i d
Sn surface. Consequently in-situ alloying and resolidification occurs nore

sl oW y. On Hdbwevdrdsisystendiilathionberdextenbivtsoligatatedhesdiffusiohds aroshoul d
|l ead to the slowest resolidificati on whereas conbinations where both

particles é’;{réséﬁl?m&ﬁé"@&” gerlty%‘?ﬁ‘i’alfﬁowg .sfrﬁéi?(?(?]ucesiﬂltfa@iic%%a%rjn%ﬁ)é\e@r% br aze

exanple 2 early nonstrates that this i e case. I'n so

o L ot S SRR o 5 B e Y B i P Ry o
PCT/ CAOL/ OOirZi%i%I liquid is presént but solid state interdiffusion is large, an optimum mixture
10 between large and small particles will give the best results (e.g. Cu-25wt%
medium Ni of example 5).

In solders such as the Sn-Bi alloys stage lll is followed by Stage |V where
some of the re-solidified liquid re-melts as the temperature increases. Th‘is leads
to secondary melting and further in-situ alloying followed by re-solidification. In

15 solders like the Pb-Sn paste stage IV does not occur because the in-situ alloying
produces compositions whose melting point is higher than the solder temperature
(i.e. 250°C in Figure 3 and 4).

Examples 1-5 were chosen because they represent different binary alloy

sy_stems, all of which are suitable for the development of variable melting point

20 solders or brazes. The Bi-Sb and Cu-Ni system, with isomorphous phases

diagram, exhibit unlimited solid and liquid solubility. In systems like these the
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slow re-solidification and the use of |arge powder conbinations will |ikely
achieve the best results. In fornul ati ons where hi gh anounts of | ow

mel ti ng poowleswsare present, such as Sn-Sb, Cu-N and Bi PGCANDOE2Y api d
solidification may be required and the use of small particle conbinations
desired. This is evident in the 5 Cu-Ni system where nedium Ni particles
are better punamétal gith e avast chedng pblovisvehiosem as/edow mekiagtpoird wher e
extensive solid-state interdiffusion is also present, the use of very

smal | powdgyovdEBaddRfceR. ¢.Bitdrabu) drittiihd étﬂéﬁﬁéﬂaPWtthél higHedt ARG SRt |
Ni). In solders or brazes of this type, V\/nere a large amount of 1nitial

I d [

mixture 10°b0ranas e id euFRdnt BAFUE,addion e byshr ?ﬂg bes?psﬁ”st%ﬁ%s
Cu- 25wt % of exanpl e, 5 I.n sol de G n- B

i ys st agendanaraly GrMgiardE SEPNGts 9N ALY Meling T Mizsesudt aiine e

liquid re-nelts as the tenperature increases. This leads to secondary

nel ti Ag andBifidwitieBbipasie oliExampla hgr the Covefvitly Ni brazsl ofeexaneeleison. I n 15

solders |like the Pb-Sn paste stage |V does not occur because the in-situ

al l oyi ng produciie Pb§roand iSprBi systsas il ibrtarp @ufécticpHasehiiagrah@naidie
sol der tenperature (i.e. 250C in Figure 3 and 4). Exanples 1-5 were chosen

because th%er{eﬁcg%aeve[‘%d %J@éxﬁ@ﬂmvybé“ a fahh ffon BVétl&mneugﬂaé gefné\é!a'teféﬁcare

sui table for opnment o t| ‘ng poi nt ers or

b azes. T S g e SR bl AR AR UAR e A B o
2! powder is chosento be at the eutectic composition and the high melting point
10 powder chosen from either of the two higher melting point pure powde_rs. In
systems like these the amount of liquid phase is lower than in isomorphous
systems because the bulk composition of the mixture must be within the solubility
limit of the phases.
The Sn-Sb system has a more complex phase ciiagram that has limited
15 solubility and the formation of several intermediate or intermetallic compounds.
However in the Sn rich region of the phase diagram there is some solid solubility
of Sb in Sn. Therefore mixtures of Sn with Sb up to 10wt% can be used to form
variable melting point solders without forming significant amounts of intermetallic
p.hase.

20 The above examples and explanations lay out the methods for developing

and optimizing variable melting point solders and brazes. Table 3 lists some
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WO 01/ 89757 PCT/ CA01/ 00721 pure netal with the lowest nelting point is
chosen as the low nelting point powler addition (e.g. Bi or Cu) and the
pure net a¥0wi/g415t he hi ghest nelting point chosen as the PCGIRAMEI®7RNG poi nt
powder addition (e.g. Sb or Ni). These systens can generally contain |arge
anounts of initial low nelting point phase such as the 5 Bi-10wt % Sb paste

of Exanpl esd’ggga’ stédad@itioRaMrizdicohippsiiont suptieiranitial dmerémelin and Sn- Bi
|

systens have nary eutectic phase diagrans and therefore limted solid

sol ubi I'i ty %ﬁﬁeé Off@ilsPR gn?plégﬁ’[]érsﬂnta@guf%%h@rsxg’t\éfrﬁs\%lhmﬁr RpsSSen

t he sol ub| I'mt 1I's reache ese systens t nmel'ting point

wd b t t (] t d the nel t
poi n?rlbsp%wﬁ%p“%hé‘g FoiPieulh Bp CHHeROSFeeHBS FUBte SRl FePEFHY Barht pure
powders. In systens |ike these the amount of quid phase is | gwer than in
| somor phouBOWEPEWERE %@akps@llqyn@lb@pmmﬁmsqft%{q%f?f/hég mnséteuz pavederpe

within the solubility Ilimt of the phases. The Sn-Sb system has a nore
conpl&ex  pheafssuditaatiadyn dune Cheampositioe,dvhdre tsath ylomdetry agen chixdekinfaratit i on of
several internediate or internetallic conpounds. However in the Sn rich

region of §hé BORSEbEHiRe RN &&%Bésmén P BRo ENtHEIAGO I THRY ALZH bré’ée whuld Sn.

Therefore m xtures of Sn wt up to 10w % can be used form variable

LIS e PR HRE R R
S B D 2™ bowder of ubstantiaily purs Al Gompoditbn, wherd both powders ara mixed |- ©
in a ratio such as to obtain a bulk composition of 10 to 20wt% Zn. The Cu-P
10 braze would consist of a 1st powder with a eutectic alloy bulk composition of
8.3%P:91.7%Cu and a 2™ powder of substantially pure Cu composition, where
both powders are mixed in a ratio such as to obtain a bulk composition of 1 to
2wt% P.
The 4th example is a ternary isomorphous phase diagrams system similar
15 o Bi-Sb or Cu-Ni. It would consist a 1st powder with a alloy bulk composition of
70%Cu:30%Mn and a 2" powder of substantially pure Ni composition, where
both powders are mixed in a ratio such as to obtain a bulk composition iIIustratéd
in Table 3. The 5" example is a ternary alloy phase diagram system similar to Sn-
Sb. It would consist a 1st powder with a alloy bulk composition of 50%Cu:50%Sn

20 and a 2™ powder of substantially pure Ni composition, where both powders are

mixed in a ratio such as to obtain a bulk composition illustrated in Table 3.
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28 WO 01/89757 PCT/ CA01/ 00721 suggested additional braze conpositions and
their initial and re-nelt tenperatures. The first 3 exanples are binary
eutecticvw@orgas’simlar to Pb-Sn and Sn-Bi. Therefore i RCTAa0W7AY case
the m xture woul d consist of a 1st powder with a eutectic alloy bul k
conposition of 28%CU. 72%\g and a 2nd powder 5 of substantially pure Cu
conposi t i oThewrimarydiffergnoadetwean ¢hersystdmisrofal abde Bandsthelsyatermeobbt ai n a
bul kK conposition of 5 to 8M % Ag. The Al-Zn braze would consist of a | st
powder Wi téxamglebecsiietiit teir BovhisosiEERS ahtlirRaItiAg tahKERItERA! diféld Mahy2srd
powder of substantially pure Al conposition, where both powders are m xed

inarati . . 0. 2 0 .iThe Cu-P
10 brage vorasigs 8f O2HAU8 feiita bofi BRAB oL 85 findd i disitbatidv

conposi tion of .3%«5: 1. 79%Cu ?ndl %EZ"d powder of substantially pure Cu
conposi t i oRSOARENEC B HaFeNAEF 2P/ nixed in a ratio such as to obtain a
bul k conposition of 1 to 2w%P. The 4th exanple is a ternary isonorphous
phasé® di agrans 5 fareoeingi description pbtrwi prefiersed embgdimentsvafihelinvensipet a 1st
powder with a alloy bul k conposition of 70%u: 30%h and a 2"d powder of
subst ant i ahdybeem prédentedrpmitiutirate, thelpeineipldobhthednwiettiboraged Abixediniotie rati o

such as to obtain a bulk conposition illustrated in Table 3. The 5th
exanpl e 1 sindehMe thedpdri¥ulBP8S DR ARSYREE M & Mtdrifed Patih 1g¢ woul d
consi st a Ts? powder e\%il)t h lé al | 03(/) Lrtﬂ]?k c%npos?{nitonl 0 SGO%JT:S@ 0/%napfoéfand a

2nd . powdery afi SHRRFPE LBtihdd BY e JYing SRR enlRia b vfitugey s are
following claims and their equivalents.
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mxed in a ratio such as to obtain a bulk conposition illustrated in Table
3. 29 WO 01/89757 PCT/ CA01/ 00721 The primary difference between the
systens o¥O k787 3 and the systens of exanples 1-5 is thR€TACARI/90721
conpositions and nelting tenperatures differ. Many of the principles of
vari able nelting point behavior described in this invention wll also
apply to thable tzRe-meélt Thiaracteristicshef Plo+16§65n yadable inelting pofint Selders
preferred medméhﬁpeflvddﬁ%m'GWGﬁﬂdlﬁatlohﬁS been presented to illustrate

the princi pl pswaér Ed@binayiBAt | onygad not to limt the invention to the
particul ar enmbodi ment illustrat ed It is intended that the scope of the

i nvention be defi ned by al |l of ﬁ %@rbodl ments enconpassed within the
fol |l owi ng cl7§ r’rﬁ i r equi 8%’ g 10 15 20- 30 WD 01/89757
PCT/ CA01/ 007212 m@ Re- rrel haract eristics of Pb-15%Bn vari abl e
mel tithg poi nergFdenall |:’Wth di f9%ent powder size conbinations. Powder
conbi nati on Sed E/lesge Bbfi ed SHR%! E/ small Pb 98%

Large E/large Pb 77%

10 :
Table 2: Quantitative measurements of enthalpy of melting and remelting,
made from DSC curves, as a function of heating rate and Ni powder size.

Sample 10 20 40
15 %ﬁng (°C/min) (°C/min) (°C/min)
rate
Melt | Re-melt| Melt Re-melt | Melt Re-melt
peak* | peak** | peak* peak** peak* peak**
Cu-25wt% large Ni 86 12 92 11 99 11
Cu-25wt% medium Ni | 69 3.1 70 3.6 78 43
20 " | Cu-25wt% small Ni 0 0 0 0 1.6 0

* This value of the enthalpy of melting is expressed as a percentage of that expected if all
of the Cu in the mixture melted in its pure form.
** This value of enthalpy of remelting is expressed as a percentage of the enthalpy
measured from the original melting peak.

25 Table 3: Brazing compositions with low and high temperature variable
melting point brazing compositions

Alloy Composition Initial melt Re-melt

system Temperature temperature
(°C) (°C)
30 Cu-Ag . 5108% Ag 780 : 950
Al-Zn 10 t0 20% Zn 380 500-600
Cu-P 1102 %P 714 900-950
Ni-Cu-Mn 20% Cu&Mn, 871 ‘ © >1200
bal. Ni
35 Ni-Cu-Sn 20% Cu&Sn, 600 >1100
bal. Ni
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5 large E/small Pb 90% Small E/large Pb 80% Large E/large Pb 77% 10
Table 2: Quantitative nmeasurenents of enthal py of nelting and renelting,
made frow@®@B@YETves, as a function of heating rate and NPCPOowWdEe07%1 ze.
Sanmpl e 10 20 40 15 Heating (C/mn) (Cmn) (Cmn) rate Melt Re-nelt Melt
Re-nmelt Melt Re-nelt peak* peak** peak* eak** eak* peak** Cu-25Wm % | arge
Ni 86 12 9THEREFORE WHAGI® CLAIMEDISS 69 3.1 70 3.6 78 4.3 20 Cu-25wm %
small NI 0O 0 0 0 1.6 0 * This value of the enthalpy of nmelting is expressed
as a percentage of that expected if all of the Cuin the mxture nelted in
its pure form * * This value of enthalpy of renelting is expressed as a

Tabl o o Bl azi fycashaaPRln SRS Py b AR gGe: arure var anle

mel ting point brazing caonpositions Al |oy Conposition Initial nmelt Re-nelt
syst em Tenper at &P8 xtre ineluding a first constituent having a first melting point,

said powder having a preselected first mean particle size, said first constituent
including a metal powder or metal alloy powder; and

a secona constituent including a metal powder having a second melting
point and a preseiécted second mean patrticle size, the first melting point being
lower than the second melting point, wherein upon heating, in-situ alloying occurs
between the first metal or metal alloy powder and the second metal powder such
that solidification occurs at a solder or braze temperature with little or

substantially no intermetallic phase formation.

2. The composition according to claim 1 wherein said first mean particle size
and said second mean particle size are selected to give a maximum rate of initial
melting with minimal in-situ alloying prior to melting, and a maximum rate of in-

situ alloying and solidification at the solder or brazing temperature.
3. The composition according to claim 1 wherein said first mean particle size

and said second mean particle size are selected to give a desired solidification

rate of a low melting point liquid produced by melting of the first constituent.
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(O (O 30 Cu-Ag 5to 8%Ag 780 950 AI-Zn 10 to 20% zZn 380 500-600 Cu-P 1
to 2 9% 714 900-950 Ni - Cu- Mh 20% Cu&Wh, 871 >1200 bal. Ni 35 Ni-Cu-Sn 20%
Cu&Sn, 6000B180V67 bal. NI 31 WO 01/89757 PCT/ CA01l/ 00721 REERBPFORE2MHAT | S
CLAIMED IS: 1. A conposition for soldering or brazing, conprising: a powder
m xture including a first constituent having a first nelting point, said
powder havé#ng alher emapesitied atcoslingrmaciaipaBtwidreirssaid firstanear padicle size
constituent including a netal powder or netal alloy powder; and a second

const i t uenjnd BaIdEEBAdINERH ?_brtm\@i_ﬁé eV BFaAgs GeRNHboE 300 60 hidlshapd a
presel ected second nean particle size, the first nelting point being |ower

than the s b I 8] gy i N-situ alloying
occurs be?@eﬂgﬁe?ﬁé@%@gﬁﬁﬁg{)gpﬁgldﬁr%%}aﬁ&gﬁg%&ﬂ%é@gledr' and the second net al
powder such that solidification occurs at a solder or braze tenperature
with little or substantially no internetallic phase formation. 2. The

conposition according to claim1l wherein said first nean particle size
5 The composition according to claim 3 wherein said first mean particle size

and said second mean particle size are in a range from about 200 to about 325

mesh to delay solidification of said low melting point liquid.
6. The composition according to claim 3 wherein said first mean particle size
is in a first range and said second mean particle size is in a second range to give

intermediate rates of solidification of said low melting point liquid.

7. The composition according to claim 1 wherein said mixture is compacted

into wires or sheets.

8. The composition according to claim 1 wherein said mixture is tape cast into

preselected shapes.

9. The composition according to claim 1 wherein said mixture is mixed with a

flux to form a paste.
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and said second nean particle size are selected to give a maxi mumrate of
initial mnelting wwth mnimal in-situ alloying prior to nelting, and a

maxi num Mao e1/84757 n- situ alloying 'and solidification at pé®Caol/eEel or
brazing tenperature. 3. The conposition according to claim1l wherein said
first mean particle size and said second nmean particle size are selected
to give a #@sireklcewipoditiondat salderingit@noprising.ow nel ti ng point 1iquid
produced by nelting of the first constituent. 32 WO 01/89757 PCT/ CA0O1/ 00721
4. The conposi t  Eb-8ARIEGRI IS [REVIREP a Wi siticredalid Ut B2witteSn P58t %l €
size and said second nean particle size are in a range from about 500 to
600 nesh t . ' i f ' i ' NeToll i quid.
5. he compBeiEah. 2 3AhReRT el bite 1 BB R §HIEHMBEEoh B s T
size and said second pean particle si rein a n from about 200. to
about 325 MIBEHMEGIEAR k2 Seng TP abours witedaiAbotbal M ng poi nt 1 i qui d.

6. The conposition according to claim3 wherein said first nmean particle
size is in a first range and said second nmean particle size is in a second
range to give internediate rates of solidification of said low nelting

poi nt liquitd, 7Thélenysuams accurdingdordhingl® wheteinsald biikredmpositiah off xt ur e
is conpacted into wires or sheets. 8. The conposition according to claim1l

wherei n sakf jRipd iﬁuf@ist%ﬁg{tflh@%"}’ P preselected shapes. 9. The

conposition according to | wherein said mixture is mxed with a

12.  The composition according to claim 11 wherein said mixture has an initial

melting temperature of about 183°C and a remelt temperature of about 250°C.

13.  The composition according to claims 10, 11 or 12 wherein said mixture is b

mixed with a flux to form a paste.

14.  The composition according to claim 13 wherein said paste comprises about

90 wt% of the powder mixture and about 10 wt% of said flux.

15. The composition according to claim 14 wherein said flux is an activated

rosin solution.

16. The composition according to claims 10, 11, 12, 13, 14 or 15 wherein both
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flux to forma paste. 33 WO 01/89757 PCT/ CA01/00721 10. A conposition for
sol dering, conprising: a Pb-Sn eutectic powder having a conposition of
about 62WO¥B8N7568WM % Pb m xed with a substantially purkRCREApGGI2Y
wherein a bul k conposition of Sn in the mxture is in a range from about 5
w%to about 21 wt% 11. The conposition according to claim 10 wherein said
bul k conpothiet P ipovfder 8ndigutetic R-8rupewdar rd@ipoddendizesSn a tenhgeiiem
conposition according to claim 1l wherein said m xture has an initial

mel ti ng t egpauita200 geeh taRdoli 388maynd a renelt tenperature of about 250C
13. The conposition according to clains 10, 11 or 12 wherein said m xture

is mxed with a flux to forma paste. 14. The conposition according to
claim 13 wherein said paste conprises about 90 wt % of the powder m xture

and about w2 of said flux. 15. The co sition according to claim 14
wher ei n saijfg' f I-‘ﬁe F%mHHS'QBFi"’\?ﬁ?@(SB“Q F%%I?nggu”'oﬁ’ 196 141l o hpwdn prth

according to clains 10, 11, 12, 13, 14 or 15 wherein both 34 WO 01/89757
PCT/ CA01/ othe2ib powelepiangd eviesticaie-Seup@ederchave wgengizes inay cangefilem si zes

in a range from about 200 nesh to about 325 nesh.
about 500 mesh to about 600 mesh.

18. A composition for soldering, comprising:
a Sn-Bi eutectic powder having a composition of about 63wt% Sn:57wt%
Bi mixed with a substantially pure tin (Sn) powder, and wherein a bulk

composition of Bi in the mixture is in a range from about 2 wt% to about 19wt%.

19. The composition according to claim 18 wherein said bulk composition of Bi

in said mixture is about 3 wt% Bi.

20. The composition according to claim 19 wherein said mixture has an initial

melting temperature of about 140°C and a remelt temperature of about 220°C.

21.  The composition acgording to claims 19 or 20 wherein said mixture is

mixed with a flux to form a paste.
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17. The conposition according to clains 10, 11, 12, 13, 14 or 15 wherein
both the Pb powder and eutectic Pb-Sn powder have powder sizes in a range
from abovo ob®05nesh to about 600 nesh. 18. A conpositi onP€DICASTOERY | Ng,
conprising: a Sn-Bi eutectic powder having a conposition of about 63w %

Sn: 57wt % Bi mxed with a substantially pure tin (Sn) powder, and wherein a
bul k conp@di ti dheabrpiosition deconding do eldim 2 hwheraingaid paste abonpris2s \abut o
about 19wt % 19. The conposition according to claim 18 wherein said bul k

conposi t i ormooktoBiof themhalft ahk bbbt 16 wiosftsald Ao Bi . 20. The conposition
according to claim19 wherein said mxture has an initial nelting

tenperature of about 140C and a renelt tenperature of about 220C. 21. The
conposition according to clains 19 or 20 wherein said mxture is m xed

vvithaflu rma paste. 9757, PCT/ CA01/ 00721 22. Th
Conpos 1 or3acca IR BT nAGRR NaNE T 2o s LB Reacble o
w % of the m xture and about 10 wt % of said flux. 23. The conposition

accordl ng tresiBIs@iytior? wherein said flux is an activated rosin solution.
24. The conposition according to clains 18, 19, 20,,21, 22 or 23 wherein
both the Sn powder and Sn-Bi eutectic powder have powder sizes in a range
from about 200 nesh to about 325 nesh.

24. The composition according to claims 18, 19, 20, 21, 22 or 23 wherein both

the Sn powder and Sn-Bi eutectic powder have powder sizes in a range from

about 200 mesh to about 325 mesh.

25. The composition according to claims 18, 19, 20, 21, 22 or 23 wherein both
the Sn powder and Sn-Bi eutectic powder have powder sizes in a range from

about 500 mesh to about 600 mesh.

26. A composition for soldering, comprising:
substantially pure Sn powder mixed with substantially pure antimony (Sb)

, powder, and wherein a bulk composition of Sn in the mixture includes 10 wt% Sn.
27. Thé composition according to claim 26 wherein said mixture has an initial

melting temperature of about 232°C and a remelt temperature in a range from

about 240 to about 245°C.
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25. The conposition according to clains 18, 19, 20, 21, 22 or 23 wherein
both the Sn powder and Sn-Bi eutectic powder have powder sizes in a range
from abovo ob®05nesh to about 600 nesh. 26. A conpositi onP€DICASTOERY | Ng,
conprising: substantially pure Sn powder m xed with substantially pure
antinony ( Sb) owder, and wherein a bulk conposition of Sn in the mxture
i ncl udes 188wt %Bhcompositioh @ceerding ia ¢laimsge o &/myhereircsaidrmixBiratier ei n sai d
m xture has an initial nelting tenperature of about 232C and a renelt

t enper at ur mixeu with anfye torform sapaste. 240 to about 245C. 36 WO 01/ 89757

PCT/ CA0O1/ 00721 28. The conposition according to clains 26 or 27. wherein
said mxture is mxed with a flux to forma paste. 29. The conposition
according to claim 28 wherein said paste conprises about 90 w % of the

m xture angyaboyt 10 %.0f said.flux,, 30,,The conpasition accarding to
Gl At m 20 vrdr o e draBhriigh E8ufna 4 oairs 2o WiwBRES pescgBrEes BBo b
conposition according to.clains 26, 27, 28, 29 or 30 wherein the Sn powder
has a powdef Ve ef the mﬁt‘ﬁer%ﬁ’g%bqqiéﬂ‘ﬁ%@ifsél%ﬂ%sh to about 325 nesh and
the Sb powder has a powder size in a range from about 200 nmesh to about
600 nmesh. 32. The conposition according to claim31 wherein the Sb powder
sizeisin a :

30. The composition according to claim 29 wherein said flux is an activated

rosin solution.

31. The composition according to claims 26, 27, 28, 29 or 30 wherein the Sn
powder has a powder size is in a range from about 200 mesh to about 325 mesh
and the Sb powder has a powder size in a range from about 200 mesh to about

600 mesh.

32. The composition according to claim 31 wherein the Sb powder size is in a

range from about 500 mesh to about 600 mesh.

33. A composition for soldering, comprising:
substantially pure Bi powder mixed with substantially pure antimony (Sb)
powder, and wherein a bulk composition of antimony in the mixture is about 10

b

wt% Sb.
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range from about 500 nesh to about 600 nesh. 33. A conposition for

sol dering, conprising: substantially pure Bi powder m xed with

subst ant ive0 by8qssT e anti nony (Sb) powder, and wherein a bRCRCaomwogiti on of
antinmony in the mxture is about 10 w % Sb. 37 WO 01/89757 PCT/ CA01/ 00721
34. The conposition according to claim 33 wherein said m xture has an
initial nB4tinFheavpepasiioreacdordingut clACandhescinesaid mixtargleasaan irdtialf
about 285C. 35. The conposition according to clainms 33 or 34 wherein said

m xture i smdifingenmbdritite 'df eboliP2f 27CNafd RARINSelt &PnprBfure @TRBSUE 285PC.
according to claim35 wherein said paste conprises about 90 w % of the

m xture and about 10 wt % of said flux. 37. The conposition according to
claim 36 wherein said flux is an activated rosin solution. 38. The
conposition_according to_ clainms 33, 34 ,35,.36_0or 37 wherein the Bi powder
has a powdéP: si 'éePﬂ'%QO?%'HB@CPP AR ALH Wge%ﬁ?'déﬂ WEhH and the
Sb powder has a powder size in a range from about 200 nmesh to about 600
mesh. 39. Mixedwithesilw ionfoswoopasteg to cl ai m 38 wherein the Sb powder size
isin a range fromabout 500 nesh to about 600 mesh. 38

. 36. The composition according to claim 35 wherein said paste comprises about

90 wt% of the mixture and about 10 wt% of said flux.

37. The composition according to claim 36 wherein said flux is an activated

rosin solution.

38. The composition according to claims 33, 34, 35, 36 or 37 wherein the Bi
powder has a powder size in a range from about 200 mesh to about 325 mesh
and the Sb powder has a powder size in a range from about 200 mesh to about

600 mesh.

39. The composition according to claim 38 wherein the Sb powder size is in a

range from about 500 mesh to about 600 mesh.
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WO 01/ 89757 PCT/ CA01/ 00721 40. A conposition for brazing, conprising:
substantially pure NN m xed with substantially pure Cu powder such that a
bul kK conpodpt/gws7 of Ni in the mxture is in a range from BODCAILE 79 % t O
about 85 W% N . 41. The conposition according to claim40 wherein said
bul kK conposition of N in the mxture is about 25 wt% N . 42. The

conposi t i oA0accoh dompasiiorn far bratingyroengprisingie Cu and Ni powder size is in
a range from about 200 nesh to about 325 nesh. 43. The conposition

according to cl gipataRtiaMeH e NI ke WilP¥ENtasial§ duteiCU owdéNsgH thafpabout
200 nesh to about 325 nesh, and wherein the Ni powder size is in a range

f rom about . ; 4 03l 1 | I
claim4l mﬁéﬁ%@&%‘@@gﬁ%hb ?' gorﬁl& A8 'saﬁT a?%fqﬁcﬁwn%?‘? (Htﬁg \?g}rgrgéerggpgtréegof
about 1085C %nﬁ arenelt tenperature of about 1175C. 39 WO 01/ 89757
PCT/ CAO01/ oWFENi 45 A conposition for brazing, conprising: Cu-Ag eutectic
all oy powder m xed with substantially pure Cu powder such that a bul k
conposition of Ag in the mxture is between about 5 to about 8 w % Ag. 46.
A conmposition for brazing, conprising:

41.  The composition according to claim 40 wherein said bulk composition of

Ni in the mixture is about 25 wi% Ni.

42. The composition according to claim 40 wherein the Cu and Ni powder size

is in a range from about 200 mesh to about 325 mesh.

43. The composition according to claim 40 wherein the Cu powder size is in a
range from about 200 mesh to about 325 mesh, and wherein the Ni powder size

is in a range from about 48 mesh to about 200 mesh.

44.  The composition according to claim 41 wherein said composition has an
initial melting temperature of about 1085°C and a remelt temperature of about

1175°C.
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Al -Zn eutectic alloy powder m xed with substantially pure A powder such
that a bulk conposition of Zn in the m xture is between about 10 to 20 wt %
Zn. A47. woousgesition for brazing, conprising: Cu-P eutek€T/€Aal/00G91 powder
m xed with substantially pure Cu powder such that a bulk conposition of P
in the mxture is between about 1 to 2 wt% P. 48. A conposition for

brazi ng, cébpri sA sgmpOsitivh fat beazingywderprisinged Wit h substantially pure N
powder such that the conposition of the braze is about 80% N, 14% Cu and

6 % M. 49. A c@RAY dutstid MoypErd&gmixearmith sSubstantiySurel C@yoravser m xed
with substantially pure Ni powder such that the conpdsition of the braze
I's 80 %N suéf?%a@é’btﬂﬁ%oﬂr%o%‘?tfgﬂ'of% in the mixture is between about 5 to about 8

wt% Ag .

46. A composition for brazing, comprising:
Al-Zn eutectic alloy powder mixed with substantially pure Al powder such

that a bulk composition of Zn in the mixture is between about 10 to 20 wt% Zn.

47. A composition for brazing, comprising:
Cu-P eutectic alloy powder mixed with substantially pure Cu powder such

that a bulk composition of P in the mixture is between about 1 to 2 wt% P.

48. A compaosition for brazing, comprising:
Cu-Mn alloy powder mixed with substantially pure Ni powder such that the

composition of the braze is about 80% Ni, 14% Cu and 6 % Mn.
49, A composition for brazing, comprising:

Cu-Sn alloy powder mixed with substantially pure Ni powder such that the

composition of the braze is 80 % Ni, 10% Cu, and 10 % Sn.
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