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assembly process involves placing individual deposits of solder paste over each of
the solder wettable contact pads of the main circuit board and aligning the array of
/O contacts (IC leads, discrete component contact pads or BGA solder balls) on the

20 component to the pattern of solder paste deposits that was placed on the contact pads
of the main circuit board. The solder wettable I/O contacts of the surface mountable
package unit are then placed into the solder paste deposits. The process of alignment
and placement is repeated until the main circuit board is fully populated. This
assembly is then heated so as to melt the solder in the paste such that, upon

25 subsequent cooling and solidification, the solder forms joints. As a result of forming
these solder joints, all of the I/O contacts on every component are bonded
electrically and mechanically to the appropriate contact pads on the main circuit
board. This process is know as a solder paste "reflow" assembly.

Another application of solder paste is to form solder balls on an area

30 array of solder wettable metal pads that comprise the I/O contacts on a surface
mountable ball grid array (BGA) package. Such an application is described by
Y. Degani, T. D. Dudderar and W. L. Woods, Jr. in U.S. Application Serial No.
08/128492 filed September 23, 1993. This patent application discloses an expedient
process for producing solder balls (or bumps) on a grid array of solder wettable

35 metal /O pads. In this process solder paste is stencil printed onto the solder wettable
metal I/O pads on the bottom side of the BGA and then reflowed to form solder balls




board.’ This process is know as a sol der paste "reflow' assenbly. Another
application of solder paste is to formsolder balls on an area 30 array of
sol'der wettable metal pads that conprise the I/0O contacts on a surface
mount abl e ball grid array (BGA) package.-Zuch an application is described
by .Y. Degani, T. D. Dudderar and W L. V‘bods Jr. in US. Appllcatlon

Serial No. ORbABREASS ohl ﬂ,'p&l%"c
di scl oses an ex edl en é;iiggaeﬁggnfﬁgpﬁ%ﬁ% ucl n ﬂ-‘gﬁet?dgafiﬁﬁb? on a
grid array ofre 21ps or balls gomprise thg lgfacfgntafzqs ferapp satmmsc %ﬂ der
paste is st emutfhod&hbmit&éﬂmhﬁefﬂw 610thd%M@M@Qéseoﬂi@bﬁhteh/cﬁcﬂﬁﬁ&rﬂﬁast he
bottom si de fstgad andthen reflowed to form sol der ball -2- (or
bunps) on ea §C & process is known as printed sol der bunpl_,ng , and

the resul t¥ng sol der hlbmlsof)thempphcmnmrthesmlddt@atté@ comnprised] of & dlux

licati f ' t
P nted cf rodyyion i EbIAa Mo Bhwiéh ol BEGRBP0asSle WlF i TRHIARE “0PC 27 ©
appl i cat i ons splder jnints be congistent]ysunitonprand seliable, it is important thanthel pastedesol der
alloy in powaeél gh&d $8 thhﬂn@&dff&hé ébl&?%uwaeﬁ wil c&ngalda%‘éiﬁk% ?ﬁgﬁ%&@rduhﬂgnt S

be consi stent n| formang rel IS I nportant t aste
desi gned so H’tYsRm?ﬂsst (S‘l'QféP \ﬁﬂ'@?f \ineans ableass |97 peeferably 9% ngl e

mass duri bQy tohest peférat rsm f ffstotad & lﬁ&q:@ﬂieeleFurtmﬁﬁe gér | east
97% prefer abI 890 N wb?h@o 0 "

total -
sol der pOV\dEIS %‘é‘?‘r‘?ﬁ?eg‘%iﬁ’ Gds Pﬁ‘ieézar%ﬁﬁ?ﬂgéﬁl\éﬁ]ﬁi Vgﬁf’z"?sé’]‘g?tg‘gmg%gssar y
that this siof reﬂowndl soldeobe ﬁdmtédtondmdumttedto thefsbldeswettablel aretdd pad on med on

" tial Ly pri nfﬁéﬁ s B8 Ty BifEBl g RiMos B il ElS iy BudtBBLPICIREG, |
conmponent cofisgeate MPWHB@M pad or B&A soldssibally Spgbr pastestwhibh incorpogate at e

éf o ;JI ders PQUIRF fowder® b ftbdtic d2nelCéitectitlafioyd, Sud 495737 SWPB of80A8/ 37 Sn/ Pb

Sn/Pb, respectively, will occasionally fail to meet these criteria. For example, (1) in
the surface mount assembly of components to a circuit board, occasionally a stray
non-consolidated (eutectic or near-eutectic alloy) solder ball will be found under the
component after reflow, or (2) in bumping a BGA with a eutectic or near eutectic
20 alloy solder paste as described above, occasionally a well-consolidated solder bail
will be found in a location well off of the solder wettable metal I/O pad after reflow.
Since such a misplaced solder ball is not in contact with the circuitry, the entire BGA
package is rendered unusable. On the other hand, in the case of example (1), the
stray solder ball is a potential reliability risk in terms of either an insufficient solder
25 joint volume or an electrical short. (See H. H. Manko, Soldering Handbook for
Printed Circuits and Surface Mounting, pages 290 to 294, Van Nostrand Reinhold
(New York) 1986.
Clearly, a need exists for solder paste compositions which, when applied

to surface mount assembly or BGA solder ball formation, result in an
30 uncompromised consolidation and wetting process in which all of the solder joints or
balls are uniform, and every uniform solder joint or ball is formed on and wetted to
an appropriate contact by the solder reflow process.
Summary of the Invention
A solder paste embodying this invention is composed of a vehicle (or

35 flux) system and a mixture of at least two solder powders. One component of this
mixture is a eutectic or near-eutectic Sn/Pb alloy powder, while the other component
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mixture is an Sn/Pb alloy powder having a eutectic or near-eutectic alloy
composition such as 63/37 Sn/Pb alloy or 60/40 Sn/Pb alloy, respectively. The
63/37 or 60/40 means a ratio of Sn to Pb in wt.%. The other component of the
mixture is a powder or a combination of powders, each of which has a liquidus

20 temperature which is lower by at least 5°C than the solidus temperature of the
eutectic or near-eutectic Sn/Pb alloy powder or a solidus temperature which is higher
by at least 5°C than the liquidus temperature of the eutectic or near eutectic alloy
powder.

The solder paste includes a vehicle (or flux) and a solder powder

25 mixture. The vehicle is present in the paste in an amount sufficient to allow proper
dispensing or application of solder paste in methods such as screen or stencil
printing, typically in a range of from 7 to 12 wt.% of the solder paste with the
remainder of the solder paste being the solder powder. The vehicle can be selected
from the vehicles described in the above-identified U.S. application 08/128492 or in

30 U.S. Patent 5,211,764 or from any other vehicle (or-flux) that a person experienced
in the art will find suitable. The vehicle described in the above U.S. application
includes 1-10 wt.% of an organic acid, 1-5 wt.% of a rheological additive comprising
a polymer having a molecular weight greater than 50,000, 60-98 wt.% of solvent
system, and 0-25 wt.% of further additive whose residue maintains high surface

35 insulation.
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above U.S. apfhderfthtesF the eutectic or near eutectic Sn/Pb alloy powder. This insures that
particles of the composition with the lower liquidus temperature melt before the rest
20 of the solder powders begins to melt, so as to wet the surfaces of the contact pads of
the wettable leads (if present) and of the remaining unmelted solder particles having
the higher melting temperature. Alternatively, not all powders which comprise the
second component need to obey this rule so long as at least 30% by wt. of the entire
powder mixture has a solidus temperature which is at least 5°C higher than the
25 highest liquidus temperature of the eutectic or near-eutectic Sn/Pb alloy powder .
The eutectic or near eutectic Sn/Pb alloy powder in some mixtures plays
the role of a low melting temperature alloy and in other mixtures the role of a high
melting temperature alloy. This means that, when the solder paste is heated, the
solder in the paste does not melt homogeneously during the heating process but the
30 low melting alloy powders, those whose liquidus temperature is lower than the
lowest solidus temperature of other powders, will start to liquefy well before the
higher melting alloy powders start to liquefy. As a result, the metal pads and the
unmelted solder powder are wetted by the lower melting solder before all the solder
mass is in a liquid form. This consolidates the solder paste into a single mass.
35 When all the solder finally melts it is already in contact with the metal pad thus
allowing surface tension to pull the rest of the molten solder to the pad. In those
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15 temperature of 163°C), and 72 wt.% 63/37 Sn/Pb solder powder (with a eutectic
‘melting point of 183°C) based on the total weight of solder paste. The printing
process to make a BGA was used as described in the above-identified application
08/128492, namely on an array of 30 mils in diameter pads spaced with 100 mils
center to center distance. The solder paste was stencil printed as paste deposits

20 70 mils in diameter and 21 mils in height. The solder paste was deliberately
misprinted so that each printed paste deposit was only in partial, e.g., about 50%,
contact with each solder wettable pad instead of being centered on it. Such a large
misalignment of the printed solder paste deposits with the solder wettable pads was
done to amplify the occurrence of the off-the-pad consolidated solder balls. The

25 printed samples were reflowed under a certain temperature-time profile. With this
paste composition all of the solder bails formed from the mixed alloy paste were on
the pads.

-

Example: 2 (comparative)
In this experiment arrays of paste deposits were stencil printed similarly
30 to Example 1 but with solder paste containing only a single eutectic 63/37 Sn/Pb
alloy powder. The paste deposit arrays were treated under the same temperature-

time profile as in Example 1. The result was that as many as 30% of the solder balls
formed from this paste were placed off the pads rendering the arrays unsuitable for
further use.
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The results of this experiment were as follows:

Sn/Ag % 100 | 98 | 95 80 | SO | 30 15 -
Sn/Pb % --- 2 S 12 [ 5s50] 70| 8 100
# of defects | 950 13 0 0 0 0 3 | 400

In Table 1 below is shown a number of further exemplary composition
mixtures of the 63/37 Sn/Pb powder and of the other component. When more than
one powder is present in the other component, an exemplary amount of the presence
of each powder in the other component is shown in wt.% based on the total amount

5 of powder in the composition.

Table 1
Examples of Alloy Mixtures that
Suppress off the Pad Solder Balling
One Component Other Component
Weight % of 2nd Alloy or Elemental Metal 3rd Alloy
63/37 Sn/Pb Composition wt.% | Solidus | Liguidus Comp. wt.% Solidus Liquidus
alloy °C °C °C °C
70 100 Sn 18.3 232 232 5/95 Sn/Pb 11.7 308 312
70 100 Sn 17.7 232 232 10/90 Sn/Pb 12.3 268 302
70 100 Sn 30 232 232 N/A N/A N/A N/A
70 96.5/3.5 Sn/Ag 30 221 221 " " " "
70 95/5 Sn/Sb 30 235 240
70 86/9/5 Sn/Zn/In 30 188 188
95 43/43/14 Sn/Pb/Bi 5. 144 163
95 42/58 So/Bi 5 138 | 138
95 52/48 Sn/In 5 118 131
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hei ghtd Tie sombmatipmef an slemenial Sipandithe [xy(100-xp ShiPbadloy whictedh xésuhe pri nt ed
ast e deposi Y- 9 ] .

o der “ver t abrionagtotsd BRHHE X Soy BBl 1oets. FebleRodopdhisiton

- mi sal i gnment Oﬁsnmml%ﬁeﬁn@blaﬂe}' wonkt ke mehdﬂtaﬁemmclﬁngmmmacr_lmft abl e
pads was _dong RigP rikiird, %fedaggen%{@ﬂ&w%o&&ﬁ Bidy -1 Bl 0at ed

sol der balls. e 25 printe were re er a certaln
t enper at ur e- ENERLIGEQMPYsHiony t h t hi s paste conposition all of the sol der

ball's forped f Ir om L herhy abede ékdxﬂpiepﬁeﬁk%e&@ﬂ&cﬁﬁed mngoadsm Bradutectié o
(commarat e bl obbess SHRS AR b ot BB AR LT, 5 T , o
si ngl e eut ecbompﬁﬁnWHS%%r athérajlops) sl as aTm_r-palebtﬁ: 60/p0 SaPballogys were
resul e ¢ RaYaa AR SRRSO 4 cptuobBorh lings B Al B SBdus oo o
were pl aced tenfiperdtureraguirernentisof thg othee cempenest, desaribed bbeveiwith fefereneertouse.
' 15 the eutectic 63/37 Sn/Pb alloy, are satisfied. This means, for example, that for the
* near-eutectic 60/40 Sn/Pb alloy powder the liquidus temperature of the other
component of the solder powder mixture should be at least 5°C lower than the
solidus temperature (183°C) of the 60/40 Sn/Pb alloy powder or the solidus
temperature of the other component should be at least 5°C higher than the liquidus
20 temperature (190°C) of the 60/40 Sn/Pb alloy powder. Of course the selection will
depend on whether the 60/40 Sn/Pb alloy powder is being used as a lower or a higher
melting component, respectively.
Additional advantages and modifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not limited to the
25 specific details, representative devices, and illustrated examples shown and
described. Accordingly, various modifications may be made without departing from
the spirit or scope of the general inventive concept as defined by the appended claims

and their equivalents.



-6- Exarrple 3 The effect of using m xed al oy powders was further
eval uat edﬂbysmau—rag;@nﬁ tgm of two eutectic sol der alloy mumnumy

was 63/ 37 h nelting tenperature of [err].
was 96. 5/ 3. the 5 nelting tenperature of whi¢h &t JerMr] swas
hi gher tha errperature of the_63/37 Sn/Pb alloy. In this

experiment a serl es of different wei ght péicent ratios of these two sol der
all oy powders were mixed with a flux vehicle to forma solder paste. Each
resul ting past €lainish a different ratio of- solder alloy powders was tested

on a separate sanple o 000, sol ds a ed on a board
that 10 had 10 array 59 e’E)?as"o" W&gﬁﬁﬁg@ﬁﬁ%@#ﬁgﬁsm "% in

di anet er agg Spald obﬂiéd rsyohs commpérent dfsaidbimixtarebeitiganaectiEat hearo butectipast e
print was I a I gn from
Phe et bl o pSHERAgR sRpesod et SlbShenfos %ﬁfﬁ?‘?‘@%qi g i 68

m sal i gnment5 wese elementabmetap)at Ieast dne solderalloynand aomixture of &€ leastempah:mental
consolidated b I &ﬁﬁ.&ﬁ

defects, that ?lseaﬁg?a-gﬁle%g gi‘le e&%kons&F gg‘?&gﬁl@ﬁ %‘elsﬁ%t&ggd of
on the pad. Thiaromemwdegs of this experiment were as foll ows: Sn/ Ag % 100

98 95 80 50 1) £&ch of whicPRa&® Houidus t ture vhich 70
B0 100 #of def oot s § 0 c Qul us emperaure c 1s5ower3:@l aééfﬂét .
i

bel ow i s shomnsapﬁl?ﬁt?eﬁo igps @W%We&é%FB?W%W%F?WWWQ‘?BP@ ot t he
63/ 37 Sn/ Phygpowder and Xfeaéthéf whish haso solidue eimpeyihere wiicle istHigier byeat prastder i s

Povdler i n'the. ST AR RBETEPer ARG Of P NG e SRS Bl s
of powder in the conpos)tat keast o‘ﬁalmfwhiclﬂleambh@saémpbﬂanye whichiis bighehby at
least 5°C than a liquidus temperature of said eutectic or near-eutectic Sn/Pb powder,
said at least one of the powders with said higher solidus temperature making up at
15 least 30 wt. % of the powders in the total powder mixture, and
said eutectic or near-eutectic Sn/Pb alloy comprising between 5 and 95
weight percent of the powder mixture.

2. A process for forming a solder paste mixture, comprising the steps of
providing a vehicle for solder paste,
20 providing a plurality of particles of one component of the solder
mixture, said one component being a eutectic or near-eutectic Sn/Pb alloy,
providing a plurality of particles of another component of the solder
mixture, said other component being selected from at least one elemental metal, at
least one solder alloy and a mixture of at least one elemental metal and at least one
25 solder alloy, wherein powders of said other component are selected from powders
1) each of which has a liquidus temperature which is lower by at least
5°C than the solidus temperature of said eutectic or near-eutectic Sn/Pb powder,
2) each of which has a solidus temperature which is higher by at least
5°C than a liquidus temperature of said eutectic or near-eutectic Sn/Pb powder, and
30 3) at least one of which has a solidus temperature which is higher by at
least 5°C than a liquidus temperature of said eutectic or near-eutectic Sn/Pb powder,
said at least one of the powders with said higher solidus temperature making up at
least 30 wt. % of the powders in the total powder mixture, and
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3rd AII ¢ Conposi tion Wt . % Sol i dus '«
|| dus Li qui dus al | oy
[erx] 18.3 232 232 5/ 95 Sn/ Pb

11.7 308 312 70 100 Sn -~ 9- 17.7 232 232
10/ 90 Sn/ Pb 12. 3 268 302 70 100 Sn 30

232 232 I\li‘l.éhng sald véﬂicﬂe said otM odm; onent am Raid dther compon&ﬁ t(5/ 3.5
Sn/ Ag 30 f 30

240 70 Fogy oPESteHi e Whichsggid e“te‘ﬂ%’f “eaf'e“ti% S¥Pb alloy comprigF 31 14
Sn/ Pb/ Bi 5 from 36495 weighf pecéifs of the metallié2ohfntof the paste mixtufe. 138
138 95 52/ 48 Sn/1n 118 131 -7 - Furthernore,

t he ot her conponent of the powder mxture may include x/(100-x) Sn/Pb all oy
wherein x is the percehtAgeldef p&te dfxdaich bor theprocessdf clainghtwiefreinisaid

x/(100-x) Snf PQutéé4 o RAflerh e&%?s‘%,/pﬂpté@ﬁ'sk%ers n?@%/g?%ﬁ/ﬁﬁalﬂ:g%ﬁ@éblﬁi | oy

or it may b€ one w50 e ot her conponent, for
exanple, as a Sn/é’brﬂ!iphatlon of an elemental Sn and the x/(100-x) Sn/Pb

all oy wherein x is the percentage of Sn in the x/(100- x) Sn/ Pb aIon and
1<x<18. A preferred c i nation of Sn and x/(100-x) Sn/Pb_alloy wuld be
such that after nelti ﬁ@ﬁ@@bﬂﬁ%‘éﬁﬂ%‘%* of the ?f"ﬂi“ﬂ%:r"éhef?lﬂéa fen-

lTIh qui g will foe?mﬁcsh:ﬁt isQYeutédtlg of neAtl itdchie sarpmwgr prés¢heas d @r@pumﬁmmh@n 10
© above exa ov% er rr?i\)/t ure g‘r}mg%%ﬁgrﬂe?(sa&lcﬂls tergperature t%l7 ﬁln/ thes%J fiqm us

10 temperature of said other component of the powder mixture.

5. A solder paste or the process of claim 4, wherein said other component
is selected from 43/43/14 Sn/Pb/Bi, 42/58 Sn/Bi, and 52/48 Sn/In.

6. A solder paste or process of claim 4, wherein said eutectic or near-
eutectic Sn/Pb alloy powder comprises 30-95 wt. % of the powder mixture.

15 7. A solder paste of claim 1 or the process of claim 2, wherein said one
component is a eutectic or near-eutectic Sn/Pb alloy powder present as a component
of the powder mixture having a lower liquids temperature than the lowest solidus
temperature of at least one of the powders of said other component of the powder
mixture, said eutectic or near-eutectic Sn/Pb powder comprises from 5 to 70 wt. %

20 of the powder mixture.

8. A solder paste or process of claim 7, wherein said other component
comprises at least one powder selected from the group consisting of elemental Sn,
96.5/3.5 Sn/Ag, 95/5 Sn/Sb, 86/9/5 Sn/Zn/In, and a Sn/Pb alloy whose composition
satisfies the relationship x /(100-x) wherein x is the percentage of Sn based on the

25 total weight of said Sn/Pb alloy and 1<z<18.

9. A solder paste or process of claim 7, in which said other component
comprises a elemental Sn and a Sn/Pb alloy with the composition x /(100-x) wherein
x is the percentage of Sn based on the total weight of the x /(100-x) Sn/Pb alloy
1<x<18, and the Sn powder and the x /(100-x) Sn/Pb alloy powder are proportioned
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al ireiySHeMdeBeen Reglddeg@ Mel ting point (both Iiquidus and solidus) of [err], as

t he t. However other alloys, such as a near-e 1 '
Sn/ FH'!EIIEHHEWE may. be used as the fiyst conponent so | r‘mnuﬂllﬂmﬁmllmll
li quirdy M*dus tenperature requi reh{Qﬁts of the other cotponent, " 35 *
descri bed above with reference to 15 the eutectic 63/37 Sn/Pb alloy, are

satisfied. dishSha®mRe zméclﬂﬁ% a0 compohaits bPthelmikuie e MUKEL liinid SAl140rN/ Pb

al l oy powder the |i quidus fenperature,o e ot her conmponent "of the sol der
powder ni xt & 8leH &quéﬁgf'e‘fl{@?"rc] q‘%aé?mP?FéWQ'he sol i dus tenperature

[err] of the 60/400.Sn/ PA suldempagteod elaim!7, titn whichl saifletherenmeponent eithef t he

~ ot her conpo . I I r %@’{v&fﬂ’ t i L&n&ﬁﬁt
terrperatur_e&?gﬁrrlfeg@'%%ggﬁfﬁéﬁ#’ﬁ%eaﬂog?y po erm%‘d%{rdé% t he séf)glclti on
wi || dependansh5/(9581MBb powdersoon 89 St/ HoSmanddl poneheof 10/9Q, Sp/Ad basedion @ tgtal
lovwer or a Lingh&rof S ddd /90 SEPpowderespect i vel y. Additional advantages
and nodifications ﬁn Il readily . occuy .tq, hos&skié‘ied é‘ﬁ"ﬁﬂ?@@”'
Therefore, the in¥intiof §oidsrpasts sybstantialiy 35 berein desgrp T06e fhe 25
speci fi c deEgimple T 6p3 o8 any aht vf thtcinangples affithbld 1.ust r at ed exanpl es shown
and descri bed. Acc¢ordi ngl Ml i £ 1.QNS R be s 4 Aot
departing fromt hgﬁ)’spi rﬁy%nggéélgW%éélg%trﬁé‘F‘Qm 1‘(7811%%#&%@%5
defi nediby substantiphiy deHercinadeseribestiwith eefereage to,/Bxample 1 or 3 or gny ong o the 1.
A sol der paghken6REBETabRY .2 Vehicle and a mixture of at |east two sol der
powder s, one'coﬁ’ponent of said mxture being a eutectic or near eutectic
Sn/ Pb 5 all oy powder and anot her conponent of said mxture is selected
fromat | east one elenental netal, at | east one solder alloy and a m xture

of at |east one elenental netal and at |east one alloy, wherein powders of
sai d other conponent are selected from

4
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powdets (1) each of which has a |iquidus tenperature which is | ower by
at .l east 10 [err] than a solidus tenperature of said eutectic or
near-eutectic Sn/Pb powder, (2) each of which has a solidus tenperature
which is higher by at |east [err] than_gH qui dus tenperature of said
eutectic or near-eutectic Sn/Pb powder, and (3) at | east one of which

has a solidus tenperature which is higher by at 15 | east [err] than
a liquidus tenperature ANBPROVEDRSOIDER PASTEMIXTURE Sn/ Pb powder, said

at | east onepgfyrhdte powders with said higher solidus tenperature nmaking up
at least 30 w—o5of the powders in the total powder m xture, and said
eutectic or near eut écqlderpasteis compesed ehgyehicle (onflx)systern apd 8 nuistuge ght

percent of téfeatMusEiRvo bldadr po®dersO One component of this mixt8@!i§ & buteddd 6r Rdarc! @i M
1, in which said. eutgectic or near,, utilec i ¢ Sn/ Pb E”O .is sel.ected fromthe
ot oup consi seteicVED aligymover,sphill the other componsnt comagrises pawilers selscted
sol der past ;afro:h amlasmnb,elémemhimétalqmmienosatda}spmmddrauay powdertdrator near
eutectic Sn { r
on it gher | gtk Slenfhd fte 5w Aet AR A orl colddf R/ SV ac, Shiti iy

%}avi ng a
e of
sai d ot her ccomponent isafpowder prsomthinationtofl pewders each of/which Has a liquidus of cl ai m

3, in which gaid-0t-B& 'W?Q&‘Hy ' 3%:@& rtgéip hsd | ng of
43/ 43/ 14 Sn/%ﬁ#’B‘f \ 42/1%8 Sn/ Bi, artéeaé% 4¢ Sn/%ﬁ%@g?@ s%ggiria%last e of
cl ai m 3, 10n tmperaturgof said euteeticorgrearestectio IndBp alloyspowderor pisolidusoy  powder-
conpri ses 30efiperdurdowtict i3 highey B ht 18hs¢ 5°C ¢hanbhe liquidds aipdfitnredfsadof cl aim
1, in which said. one corr_pon.egtn(# Sq.lﬁ)geu%{%t | 'f or near eutectic, Qn/Pb all oy
powder pr esePHiCCHS OF NEATAEHiCCLG Snjtb BONIgE:r The sutertic of agarptertic |'i qui dus
t enper at ur e pdweder infake$ opWrein St 9Siweighteparesnt bfithe tothl pdwdee asiktuoeie of t he
powders of sgj r . m[ ) | | C OF
near 35 eut%ﬁ%ﬁw’ﬂg?%‘gr%%gﬁﬁpﬁ%gnﬁr om %ag{)ﬁéi %ﬁ%n%ﬁ%%cﬁ#{géﬁ@ wder
m xt ur es.1S this rule so long as at least 30% by wt. of the entire powder mixture has a solidus

temperature which is at least 5°C higher than the highest liquidus temperature of the

eutectic or near-eutectic Sn/Pb alloy powder. This solder paste results in an

uncompromised consolidation and wetting process in which all of the solder joints or

balls are formed on and wetted to an appropriate contact by the solder reflow

20 process.



72" - > A solder paste of claim®6, in which said other conmpoenent—conprises
at | east one powder selected fromthe group consisting of '
96.5/3.5 Sn/ Ag, 95/5 Sn/Sb, 86/9/5 Sn/Zn/In, and a Sn/Pb ili‘mﬂﬁ m“”“l
conposition satisfies the rel ationship é(/ (100-x) wher e|

percentage of Sn based on the total weight of said Sn/ Pb all oy and 1 < X <
18. 8. A sol der paste of claimé, iE wl ﬁ[} sai d ot her conponent

conprises a elemental Sn and a Sn/Pb al h the conposition x/ ( 100- x)
wherein x is the 5 per cent age of Sn based on the total WEI ght of the

/ (100- / -
)én§ I%’b af(l) o?npg\?\dglr hg%leaga %%&?rxgﬁéedgglaﬁ'ﬁ%gt %ﬁ?lgomeétl ng %E&g a{f{/}é&s‘{’%)
conponent s ofold¢repowders;ranct dompenentenf shidomixtureibeingf meutectic i neay evieetic Sn/Pb
‘eutectic pr peas EWH@Ptah& anBtheP cb ngaﬂédttdfo&d meture 1$A‘s§194f‘t9@rfrd?ﬁ‘§ﬁ lgist Cdrﬁ' m

6, in which sard other onent ¢ nprlses Sn an

5/ 95 Sn/ Pb bslgmn@hmft%lo@ ast P Selder allgy %am%resﬂ? #*b‘e%m%FLemel@ metalA

sol der past @hd Gt ddast One iaﬂlo%hwlhbreiﬁ ipewaéersedf SuadVoehive Yonfpofti £€ SeleBted frémSn
and 41 wt % of 10/90 Sn/Pb based on a total anmpbunt of Sn and 10/90 Sn/Pb

powders. 15 POWCEELS g7 A process for formng a solder paste mxture,
conprising the stefd of grohv(bfdvvhig,hdlavahliqni@sf tempetature rwhials tiss Jowar dwi ai legsta

Do 2 rdo pr Part | S6¢tnifia %ﬁu@%ﬁgﬁeut ectlc Sn}éa&gfﬁeﬂ&%ﬁgswﬁﬂ%

conponent  being a e ectic_ or rovi

plurality of parties ofachnft WRichdwsioslidus demparatues, W %h&gftﬁré)y gipleast

sai d other conponegsC aginWligAdGCkRPeratiR8ofibaill @attioaenfr-2iReiESn/Pbipawdest
~ l east one sol der Iﬂrgy and a mxture of at |east one elenental nmetal and at

| east one sol der a wherei n powders of said other component are
selected from (3 at Jeast one of which has a solidus temperature which is higher by at

15 least 5°C than a liquidus temperature of said eutectic or near-eutectic Sn/Pb
powder, said at least one of the powders with said higher solidus temperature
making up at least 30 wt % of the powders in the total powder mixture, and
said eutectic or near eutectic Sn/Pb alloy comprising between 5 and 95 weight
percent of the powder mixture. =

20 2. A solder paste of claim 1, in which said eutectic or near eutectic
Sn/Pb alloy is selected from the group consisting of a 63/37 Sn/Pb alloy and a 60/40
Sn/Pb alloy. _ _ .

3. ~ A solder paste of claim 1, in which said one component is a eutectic

or near eutectic Sn/Pb alloy present as a component of the 'powder mixture having a
26 higher solidus temperature than the highest liquidus temperature of said other

component of the powder mixture.
4. A solder. paste of claim 3, in which said other component is selected

from the group cons1stmg of 43/43/14 Sn/Pb/Bi, 42/58 S1/Bi, and 52/48 Sn/In.
5. A solder paste of claim 3, in which said eutectic or near eutectic
30  Sn/Pb alloy powder comprises 30-95 wt % of the powder mixture.

6. A solder paste of claim 1, in which said one component is a eutectic
or near eutectic Sn/Pb alloy powder present as a component of the powder mixture
having a lower liquidus temperature than the lowest solidus temperature of at least one
of the powders of said other component of the powder mixture, said eutectic or near

35 eutectic Sn/Pb powder comprises from 5 to 70 wt % of the powder mixtures.

7. A solder paste of claim 6, in which said other component comprises at
least one powder selected from the group consisting of elemental Sn, 96.5/3.5 Sn/Ag,
95/5 Sn/Sb, 86/9/5 Sn/Zn/In, and a Sn/Pb alloy whose composition' satisfies the
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peviders (1) each of which has a l|iquidus tenperature \/\th
at least 25 [err] than the solidus tenperature of s

near-eutectic Sn/Pb powder, (2) each of which has a solid mﬂmmﬁ ,m
which is higher by at least [err] than a Liquidus tenperature*ofetsal

eutectic or near-eutectic Sn/Pb powder, afd 30 (3) at | east one
of which has a solidus terrs>erature which is higher by at least [err] than a

li qui dus t erfplafigmshim x4 0Q-x) wheraie &t iscthe percentage of Snt hasedonrthe petakiweight of d
at | east oneafdf Si/PB aloyEad § Wik K wl d higher solidus tenperature neking up

at least 30 wt % therfgﬁ%ers {en ti g’tal‘ﬁﬁfv\der xture, and-m xj ng
said vehicle, saione oc h 83 rFPHIPBH?IErcHP’A’IIS?ﬁ a
paste m xt uMentwthnfamlaacSrdeeaibycwﬁh the aconepdsitiohi x/(HlUﬁ’Jovmefehy X G81Ihé ses

from ° }A prgjcessg%% Bﬁeal m%éac hh\?}ﬁaﬁ%ﬁsg’&c lﬁotgggtp %rddqga t{ec °§t g@;/ Pb

aI loy is sellect &8a<fli8mandethgr §BpP@Y‘Jﬁ®' anfl  theo /6 08:%) 3 3n/Ey FalHO}iI powdemadre: -
60/ 40 Sn/ Pb prop orﬁ@ned bh that AftBF AfeRs e ﬁx‘@b&hﬁénentsnof"’fﬂecﬁm&ﬁfedtﬁénﬁlolten

conponent tic or near eutectic Sn/Pb resent, as a conponent
of the pomz’rq“?‘ﬂe E QR 2HRY Witk g epighc pRAsaK ey Eeﬁ‘i“’eggfpgl?éfnppﬁﬁﬂnthe hi ghest
| i qui dus tenperat ®.e of Aabldenphstrofadaippbeid m;iclikwdmml&fonrponémr&mlﬁlses
14. pr f [ e [

It om thd%hr oV g60f Skl 3wy B, 7935 Siap piied G SR RRIm' G §F a5 5055
Sn/in. 15. Sn/Pbpewderss of claim 13, in which said eutectic of near
eutectic Sn/Pb al ljgy povdepider Pkt ictetaihd 83 Which ¥id Gik doltfpoRM I mprises

t
MXLUTe: 55wt % Sn and 41 wt % of 10/90 Sw/Pb based on a total amount of Sn and 10/90
Sn/Pb powders. .
15 11. A process for forming a solder paste mixture, comprising the steps of

providing a vehicle for solder paste,
providing a plurality of particles of one component of the solder mixture, said
‘one component being a eutectic or near-eutectic Sn/Pb alloy,
providing a plurality of particles of another component of the solder mixture,
20 said other component being selected from at least one elemental metal, at least
one solder alloy and a mixture of at least one elemental metal and at least one
solder alloy, wherein powders of said other component are selected from
powders
¢} each of which has a liquidus temperature which is lower by at least
25 ~ 50C than the solidus temperature of said eutectic or near-eutectic Sn/Pb
powder, .
2) each of which has a solidus temperature which is higher by at least
50C than a liquidus temperature of said eutectic or near-eutectic Sn/Pb powder,
and
30 3) at least one of which has a solidus temperature which is higher by at
least 5°C than a liquidus temperature of said eutectic or near-eutectic Sn/Pb
powder, said at least one of the powders with said higher solidus temperature
making up at least 30 wt % of the powders in the total powder mixture, and
mixing said vehicle, said one component and said other component to form a
35 paste mixture in which said eutectic or near-eutectic Sn/Pb alloy comprises
from 5 to 95 weight percent of the metallic content of the paste mixture.
12. A process of claim 11, in which said eutectic or near-eutectic Sn/Pb
alloy is selected from the group consisting of a 63/37 Sn/Pb alloy and a 60/40 Sn/Pb
alloy.
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167 A process of claim 11, in which said one conponent b!i’ a eutectic or

10 near eutectic Sn/Pb alloy present as a conponent of t mnm
having a lower |iquidus tenperature than the |owest solid

at | east one of the powders of said otherigconponent of the powder mi xfur®,
said eutectic or near eutectic Sn/Pb alloy powder corrprl ses from5 to 70 wt

% of the nixture. Aléro%&ccﬁscﬁalﬁ{ 1f) & \%ﬂ:ﬁ sa eascf%h)o ntdg\?éjglfte%tg] Lt g

conmponent of the povvder ture canpri ses a
fromthe gr ®6¥ ewseticsSnRP aHok presert: af aswmmem/ of meeppw@er QEXtBreSha\Eing a

86/ 9/ 5 Sn/ Zgblidusa Mémperainrd thighdrOvhanh @fee HEgHERO Jiquids &ﬁ{geﬁftﬁés of N&id other

rel ati onship x/§ 112 gh}a %‘ﬁ%n X is the percentage of Sn based on the total
wei ght of s&PHPRRR{ 95 the POYGERIXMIG, and 1 < x < 18. 18. A process of
claim 165 in whi cl4sai dAopﬂmecssccxﬁntmmelBt irc whichisaidsother cbﬁlpoﬁéxﬁrieﬁledtecﬁﬂoﬁﬂ? a
Sn/ Pb al | oy X ercentage o

Sn based on ﬂ)t‘%]%ll?’ug Pﬁ&ﬂ}%‘if‘ lsdalééﬁ)% hz}g?f%‘gma%ﬁd §5’ét8§%/ 18, and the -Sn
powder and the x/(200- x)‘\m off dlajn pRimewhishesaisk ensentici ofeadr sutehtic SaPb
after nel tigoy BEwHMCCORRPTREN ABESIDS W% OF ePowdet RfixtdR, ten iquid will

o el SR btk ol o SOIBBEh b s g
% Sn ando 39 niedr édmftxc&ﬂﬂ) ‘AidyPprebeant asl a @ompoheit af tlw;_mwder adixéife Rvind 4 3owén/ Pb
PO 20 o BT Sl iR 4t A R R e
and 10/ 90 Ssef [sgldgqhqugompcmcnt of the powder mixture, sa1d eutectic or near—eutectlc Sn/Pb
alloy powder comprises from 5 to 70 wt % of the mixture.
17. A process of claim 16, in which said other component of the powder
15 mixture comprises at least one powder selected from the group consisting of elemental
Sn, 96.5/3.5 Sn/Ag, 95/5 Sn/Sb, 86/9/5 Sn/Zn/In and a Sn/Pb alloy whose composition
satisfies the relationship x/(100-x) wherein x is the percentage of Sn based on the total
weight of said x/(100-x) Sn/Pb alloy and 1 < x < 18.
18." A process of claim 16, in which said other component comprises an
20 elemental Sn and a Sn/Pb alloy with the composition x/(100-x) wherein x is the
percentage of Sn based on the total weight of said Sn/Pb alloy and 1 < x < 18, and
the Sn powder and the x/(100-x) Sn/Pb alloy powder are proportioned such that after
melting the two components of the mixture, the molten liquid will form an ‘alloy with a

eutectic or near eutectic Sn/Pb composition.

25 19. A process of claim 16, in which said other component comprises
59 wt % Sn and 39 wt % of 5/95 Sn/Pb based on a total amount of Sn and 5/95 Sn/Pb
powders. ‘

20. A process of claim 16, in which said other component comprises

59 wt % Sn and 41 wt % 10/90 Sn/Pb based on a total amount of Sn and 10/90 Sn/Pb
30 powders.
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