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BACKGROUND OF THE INVENTION
The present invention relates to a bump-forming

5 1. Field of the Invention

solder paste for ball grid array, and a ball grid array
in which bumps have been formed using the said solder
paste.

10 2. Description of the Related Art
‘ Following the introduction in recent years of
LSIs with larger sizes and higher speeds, semiconductor
packages have come to have an increased number of leads
and narrower lead pitch. Although 0.5 mm-pitch-mounted

15 quad flat packages (QFPs) are manufactured in volume, it
is feared that 0.4 mm- and 0.3 mm-pitch-mounting will
increase costs due to lead distortion and defective
soldering, such as unsoldered leads and bridging between
leads caused by the narrow pitch.

20 Thus ball grid arrays (BGA) 3 have been
developed. BGA is a surface-mounting type semiconductor
package as shown in Fig. 1 where spherical solder bumps
are formed.on substrates of various kinds. Since the
leads of spherical solder (spherical solder bumps 2) are

25 arrayed in two dimensions on a substrate 1, it provides
wider lead pitch as compared with QFP packages and
obviates solder ball distortion. Thus soldering defects
during volume production are expected to decrease
drastically as compared with QFP.

30 Currently, spherical solder bumps for BGA are
formed by soldering prearranged solder balls onto pads on
a substrate. However, it is difficult to prevent
dislocation of solder balls after they are supplied to
specified positions. Also, the process requires a large

35 amount of special jigs and involves a high production
cost owing to expensive solder balls.

Against this background, a new process is now
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i ncrease costs due to |ead distortion and defective sold f%@$saggh
unsol dered | eads and bridgi ng-between | eads caused by the.narr &wpspj
Thus ball grid arrays (BGA) 3 have been deweldped. BGA is a’""“*rw::::\‘\\
surface-nounting type senm conductor package as shown in Fig. 1 wher ="
spherical solder bunps are fornmed on substrates of various kinds. Since the
| eads of spheri calnexeaRinglyhesed avhexs kphaenigssl Boldear Ifimps s@men\farniad
two di mensi ons onpR SUBEAT HiSstratd w%ﬂ?%iixg geﬁ{dlf@ﬂduitrr& dpar ed

wi th QFP packages and obvijates sol der” bal | rtion. Thus solderin
defects during voPa®ee pr ofRicERbs RFRCBHe I RIES £a0 haadiarmad ohs

conpared wWith QFRsofder paste printikgrdmditef laphief imidcastale Wwildm ha vy
BGA are forged by, 5ol 4601 0eR" SABISPEEh & O (15fa b2 A G y PO LY
conventional printing machines and reflow furnaces can be
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used and no special equipment or jig is necessary. Also,
solder paste is less expensive than solder balls. The
new process is therefore expected to result in lower

10 production cost.

However, under the above-mentioned process of
forming spherical solder bumps on a BGA substrate by
printing and reflowing conventional solder paste, a
defect unique to BGA occurs where some of the balls are

15 formed outside the specified pad positions. '

The present invention relates to a bump-forming
solder paste for ball grid arrays involving no defect
when spherical solder bumps are formed on a substrate by
printing and reflowing the solder paste, and a ball grid

20 array in which bumps have been formed using the said
solder paste. _ '

SUMMARY OF THE INVENTION
The inventors of the present invention have
conducted extensive research concerning solder paste that

25 will not give rise to defects unique to ball grid array
such as dislocation of balls formed by printing and
reflowing solder paste. As a result, the inventors have
found that the use of a solder paste of the present
invention obviates the defects.

30 - That is, the present invention provides a bump-
forming solder paste for a ball grid array comprising a
mixture of flux and alloy powders containing two or more
kinds of solder alloy powders with different
compositions, each of said solder powders having a

35 liquidus temperature below the reflow temperature, at
least one of said solder alloy powders having a
difference of 10°C or more between liquidus and solidus,

—_—
This Sheet Has Bee

e



¥

a substrate. However, it is difficult to prevent dislocat

balI's after they are supplied to specified positions. Al spTH$ISHEEPERS
requires a |large 35 amount of special jigsg and involv a hh&bLACEDEEEN
production cost owi ng to expensive sol der balls. Against’

new process i S now [err] 2 increasingly used where spherical sol der ;
bunps are forned tie a vk ge inprisd tiorDio Mithey adldy gbkwaeiregbsghder paste.

; n ! 2\'M.Sngr gfgi s gé?é'*ﬁﬁ%ﬁ?%%&%“b%g ViTPdAY 3301 9954P35 Gelhit 029,309
or 60 - 65% by weight of tin, 34 - 38% by weight of lead,
and 1 - 3% by weight of silver.

5 The present invention also provides a ball array in
which bumps have been formed using the solder paste as
above.

BRIEF DESCRIPTION OF THE DRAWINGS _
Fig. 1 is a plan view of an example of ball grid
10 array under the present invention;
Fig. 2 shows a part of A-A’ cross section;
Fig. 3 shows an example of a semiconductor package;
Fig. 4 is a sectional view at the time of printing
under conventional printing methods;
15 Fig. 5 is a sectional view at the time of printing
when BGA bumps are formed by printing; and
Fig. 6 shows a solder ball which has been

dislocated.
DETAILED DESCRIPTION OF THE INVENTION
20 In ordinary solder paste printing, as shown in

Fig. 4, a solder paste 9 is printed on every pad 8 of a
substrate and covers almost the same area. In the case
of bump formation for BGA, a Bigger volume of solder
paste should be supplied since spherical bumps larger

25 than the pads must be formed. Thus, as shown in Fig. 5,
it is necessary to print solder paste 9 in a way
substantially projecting from a pad 8. After reflow,
some of the solder balls are formed out of the positions
of pads as shown in Fig. 6: a problem unique to BGA.

30 This phenomenon is considered to be attributable to the
fact that, when a solder paste consisting only of an
alloy powder with close-to-eutectic composition starts to
melt as heated at the outskirts of pads, the unmolten
portion of the solder paste remains in the form of solid-

35 phase powder and therefore cannot maintain its shape,
meaning that the unmolten portion of the paste is
absorbed, as balls are formed, into the liquid portion
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5 al ready been enployed in surface nounting. Thus cony,
machi nes and reflow furnaces can be used and no special e
necessary Al'so, solder paste is |ess expensjve than sold
process is therefore expected to result in lower 10 pr oduct T or=<cs: egL\\\~;
However, under -the above-nenti oned process of form ng spherical sol der ‘

bunps on a BGA swh&&r@eetbn m&retlngIandheeébqueagpaeaéeﬁhaeﬂathéogéeéent
paste, a defect uyni

formed outside tH %S% oplé& Bﬁ&ﬁgogptl6ﬁ§°c?ﬁé°5r82eﬁ?9?ﬁv8ﬁFP5n r&Fatés
to a bunp- forn1n§u$@bsed rhatte becabskl thei daddr apddemvphstagcantdéhect

when spherical sg| q%& ggggﬁraﬁgthornﬁng@ng $HASL" Ak ReP¥oRALRt bAGt8Ndyhen

refl owi ng the soI
heated from the outSLde, has a region of coexisting solid

and liquid phases and even in the inside of the unmolten

portion of the solder paste there is a partial liquid

phase, enabling it to maintain the shape owing to surface

tension of the said liquid phase and ensurlng that balls
10 are formed right on the pads.

Since ball dislocation durlng formation of BGA bumps
with solder paste is considered to occur because of the
above-mention mechanism, it is necessary to ensure that
at least one alloy powder has a difference between its

15 liquidus and its solidus so as to prevent the said
mechanism from working. "The difference should be at
least 10°C ox more, preferably 20°C or more.

Under the present inventioh, each alloy powder in
the solder paste should have a liquidus temperature lower

20 than the reflow temperature. The reason is that if the
liquidus temperature is higher than the reflow
temperature, an alloying process toward average
composition does not proceed smoothly and it becomes
necessary to raise the reflow temperature or prolong the

25 reflow time, putting heavy thermal load on semiconductor
chips and substrates. Also, alloying is not
satisfactorily achieved at an orxdinary reflow temperature
and time, resulting in insufficient luster of solder and
in mechanical strength being lower than that of average-

30 composition solder. Therefore the present invention uses
alloy powders having liquidus temperatures lower than the
reflow temperatures.

So-called eutectic the solder (average composition:
58 - 65% by weight of tin and 35 - 42% by weight of lead)

35 or so-called silver-containing solder (60 - 65% by weight
of tin, 34 - 38% by weight of lead, and 1 - 3% by weight
of silver) is used under the present invention because
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20 array in which bunps have been forned using the s?ﬁ
SUMMARY OF THE | NVENTI ON The inventors of the present|fi nv TﬁﬁTfW§WBEEN
conduct ed extensive research concerning solLdgr_paste tha&TgﬁifEﬁﬁﬁﬁl not
give rise to defects unique to ball grid array such as dislocationor=valls
formed by printing and refl ow ng sol der paste. As a result, the inventors

have found that bbehusf them givdegopdswetbibihitprsne nhighveadhami cdli at es

e o o REFngh Aahakloghle BHESETLoRRNEILL ks AU ES0 OBy
al | oy powders consafinfey bandéngnefecekeatizonicsopartsal | Bye poaEkew with
di fferent conpositihpasatwber 8ENthabd 8ipbyr8£050BiépYiPOYERESaiby in a
5 range of 210°C to 240°C, particularly around 230°C. 1In
the case of the average composition of 58 - 65% by weight
of tin and 35 - 42% by weight of lead, it is desirable to
mix an alloy powder containing 45 - 60% by weight of tin
and 40 - 55% by weight of lead, and an alloy powder
10 containing 70 - 100% by weight of tin and 0 - 30% by
weight of lead, to make a solder composition having
liquidus temperature not exceeding reflow temperature and
a difference of 10°C or more between liquidus and
solidus. 1In this case, tin can be used alone because its
15  melting point is as low as 232°C.
A more desirable case is a mixture of an alloy
powder containing 50 - 60% by weight of tin and 40 - 50%
by weight of lead and an alloy'powder containing 70 - 85%
by weight of tin and 15 - 30% by weight of lead. It is
20 also possible to mix an alloy powder containing 58 - 65%
by weight of tin and 35 - 42% by weight of lead with the
above mixture of alloy powders. When average composition
is adjusted to 60 - 65% by weight of tin, 34 - 38% by
weight of lead and 1 - 3% by weight of silver, it is
25 desirable, in view of liquidus temperature, to mix an
alloy powder containing 45 -~ 60% by weight of tin,
40 - 55% by weight of lead and 0 - 3% by weight of
silver, and an alloy powder containing 70 -~ 100% by
weight of tin, 0 - 30% by weigh of lead, and 0 - 3% by
30 weight of silver. A more desirable case is to mix an
alloy powder containing 50 - 60% by weight of tin, 40 -
50% by weight of lead, and 0 - 3% by weight of silver,
and an alloy powder containing 70 - 85% by weight of tin,
15 - 30% by weight of lead, and 0 - 3% by weight of
35 silver. It is also possible to further mix with the
above mixture an alloy powder containing 60 - 65% by
weight of tin, 34 - 38% by weight of lead, and 1 - 3% by
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35 conprised of one or nore all oy powders containing
of tin and 40 - 50% by wei ght of |ead and one or nore al
containing 70 - 85% by [err] -3- weight-of 1in and 14
| ead, each of said sol der powders having a |iquidus tenperature pe

refl ow tenperature, at |east one of said solder alloy powders having a
difference of [eweight obreibeemeen 5 quuidus and solidus, the average

conposi tion of the adﬁ8¥1@8¥d€ﬁ§ $§%n1 - %F@?éal\%%ﬂgg vaéAﬂk&HEjﬁg%é

42% by wei ght of |ea bunp-
been disclosed wherein two or more kinds of alloy powders

with different compositions are mixed to make a solder

5 paste. (For example, Japanese Unexamined Patent
Publication Nos. Hei 3-13952, Sho 57-66993,
Sho 63-149094, Sho 63-154288, Hei 1-241395, Hei 1-271094,
Hei 1-266987, Hei 2-117794, Hei 2-211995, Hei 4-22595,
and Hei 4-29365.)

10 However, most of them disclose bismuth- or indium-
containing low-melting poiht solder in their working
examples that are quite different from the.Solder
compositions of the present invention. Although Japanese
Unexamined Patent Publication Sho 63-154288 and

15 Hei 2-117794 include working examples that do not contain
bismuth or indium, the liguidus temperature of each

- solder alloy is higher than the reflow temperature and
therefore these inventions are different from the present
invention. The other inventions do not contain any '

20 description concerning formation of bumps for ball grid
arrays. '

Moreover, the use of such a solder paste will
requife higher reflow temperatures and longer reflow
times, resultihg either in high thermal load on

25 semiconductor chips and substrates or in poor luster, low
wettability and insufficient strength due to incomplete
alloying. Thus only the solder paste of the present
invention can form bumps of high quality for ball grid
arrays without defects. Meanwhile, the use of alloy

30 powder with too high a liquidus temperature is
disadvantageous in that it requires use of alloy powder
having high tin content so as to adjust the average
composition. As to this composition, it should be
pointed out that atomizing for powder production is a

35 difficult process and resulting solder paste is unstable
because the powder surface is active, readily reacting

with flux. Any alloy powder used in the present

is Sheet Has Been Reﬂlaced
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paste for a ball grid array, conprising a mxture of flpx_and allaoyv powders
conprising two or nore kinds of alloy 10  powders w th di§fspegityas E N

conpositions, each of said alloy powders having |i qui duf tenpﬁgpﬂAugb W
refl ow tenperature, at |east one of said alloy powders Fevwrg—a—d sr#n“A
of [err] or more between |iquidus and solidus. the average composition of
the entire all oynp‘osmmoxbelslglciﬁ particul &5y blimiiephtiroftanms & t=38% by

wei ght of |ead, Si g t }E%% 0 | so
provi des a baII aréj%é an&g fﬁiﬁ:)gsl%ve He%n Egrare rﬁsﬁwngsé sr,}%)éflderbrra
paste as above. 12¥)reg‘I1arr alBhI DR e ON-3F OfHR AN IS iy 7 i s a
pl an vi ew of an @Z@M@slﬁ)j dal hnds+ h o rey pedesed he present invention;

5 Flux for the solder paste of the present invention

comprises a resin, a solvent, a thixotropic agent, an
activator, and other additives. The materials are those
commonly used as flux for solder paste and there are no
particular limitations. ’

10 Examples of resins used in the said solder paste
include rosin such as natural rosin and ﬁodified rosin,
water-soluble resin and polymer. Examples of solvents
include alcohols, glycols and ethers. Examples of
thixotropic agents include castor oil, wax, petrochemical

15 polymers, and amides. Examples of activators include
monocarboxylic acid, dicarboxylic acid, amines, amides,
imides, amine salts, and halides. Examples of other
additives include thickening agents, surfactants,
fluidity conditioners, corrosion inhibitors and

20 antifoaming agents.

The weight percent of flux in the said solder paste
is not particularly limited. For printing application,

. however, a range of 9 - 12% by weight is common. The
solid content in the flux, such as rosin, is not

25 particularly limited and can be in the wide range of
10 - 70% by weight.

In accordance with the present invention, the kind
of substrate for the ball grid array is not particularly
limited. For example, printed circuit board (glass-

30 epoxy, paper-phenol, etc.), flexible board, ceramics
board and TAB substrate can be used. A semiconductor
chip is bonded to one side for electrical connection with
circuit through wire bonding or solder bumps. On the
other side, solder pads are set in array. The said

35 solder paste is printed with a printer using stencil or
mesh screen and supplied to each pad, and then heated in
a reflow furnace for melting. In this way, high-quality
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Fig. 2 shows a part of A-A" cross section; Fig. 3 shows
sem conduct or package; 25 Fig. 4 is a sectiona
of printing under conventional printing nmetheds; Fig. 5
at the time of printing when BGA bunps are forned by prr--;-g_~_’

shows a sol der ball which has been 30 di sl ocat ed. DETAI LED DESCRI |

OF THE | NVENTI ONé;ihél&caﬂarébﬁﬁzd%m@ﬁ.ﬁt&rp'Bentflofiﬂledas THAWA thid sph@re? ofa
sol der paste 9 |s ri on_ever pad of a substrate _and covers al nost
§ et Ttnach amot GRS

the sane area. aFaY BERItedyanGeAiFal ume
of sol der paste sahoulrrhdm@mﬂmo&cbrmmemharsi edlt dogeps loar geredh@inighe

pads nust be f‘”'E%haéBH&%e‘?héﬂ“ﬁ@‘ﬂyaéﬁd%n %nd acids, can be used.
S EXAMPLES
For Examples 1 through 6 and Comparative Examples 1
and 2, solder paste was prepared through kneading at the
ratios described below. The solder paste thus obtained

an_exanpl e of a

was printed and melted through reflow at 230°C, and bumps

10 were formed to produce a BGA. The results are shown in
Table 1.
Table 1
Percent defective inspherical bumps
(Out of 3,240 positions on one BGA)
Example 1 6.0
15 Example 2 0.0
Example 3 0.0
Example 4 0.0
ﬁxample 5 0.0
Example 6 0.0
20 Comparative 0.8
Example 1
Comparative 1.2
Example 2
25 Example 1

Parts by weight
Alloy powder A (50 wt% Sn - 50 wt% Pb) 60.0
Liquidus temperature 212°C, Solidus
temperature 183°C, Size 22 - 53 um
30 Alloy powder B (80 wt% Sn - 20 wt$ Pb) 30.0
Liquidus temperature 202°C, Solidus
temperature 183°C, Size 22 - 53 um

Polymerized rosin 3.0

Disproportionated rosin : ' 2.0

35 Diethylene glycol monohexyl ether 3.9
Thﬁlsi'iileltlilis RT



[err] [err] -4- it is necessary to print solder paste 9 in a wa
substantially projecting froma pad 8. After reflow, sone SﬁggﬂﬁmsBEEN
balls are formed out of the positions of pads as shown in . - O pifpUNCED em
unique to BGA. 5 Thi s phenonenon is conSitered to be attit

fact that, when a solder paste consisting only of an alloy powder wth

cIose-to-eutectiﬁ%&gg§8§g£égnc§%@6£s?ip nmelt as heated at the outskjrds of
ort the sold

pads, the unnolte f I on of er paste remains in the form of
sol i d- Cyclohexylamine HBr 0.
Adipic acid : . 0.5
Example 2
5 ' Parts by weight
Alloy powder C (45 wt% Sn - 55 wt% Pb) 43.0

Liquidus temp. 202°C, Solidus
temp. 183°C, Size 22 - 45 um

Alloy powder B (80 wt% Sn - 20 wt% Pb) 47.0
10 Polymerized rosin 3.0
Disproportionated rosin 2.2
Diethylene glycol monobutyl ether 3.9
Hydrogenated castor oil 0.5
Cyclohexylamine HBr 0.1
15 Adipic acid 0.3
Example 3
. Parts by weight
Alloy powder D (55 wt% Sn - 45 wt% Pb) 40.5
Ligquidus temp. 201°C, Solidus
20 temp. 183°C, Size 22 - 38 um
Alloy powder E (70 wt% Sn - 30 wt% Pb) 40.5

Liquidus temp. 190°C, Solidus
temp. -183°C, Size 22 - 38 um

Alloy powder F (63 wt% Sn - 37 wt% Pb) 9.0
25 Eutictic temp. 183°C, Size 22 - 45 um
Polymerized rosin ' 2.0
Disproportionated rosin 1.0
Propylene glycol monophenyl ether 5.9
Hydrogenated castor oil 0.7
30 Isopropylamine HBr 0.1
Succinic acid 0.3

Example 4
Parts by weight

Alloy powder G (46 wt% Sn - 51 wt% Pb - 3 wt% Ag) 30.0
35 Liquidus temp. 200°C, Solidus
temp. 178°C, Size 10 - 30 um

Alloy powder H (80 wt% Sn - 18 wt%¥ Pb -~ 2 wt% Ag) 60.0

This Sheet Has Been RTlaced .




10 phase powder and therefore cannot maintain its sha '¢§§ﬁpﬁﬁhA$BEEN
the unnolten portion of the paste is absorbed, as balls r ! Ok BdanENt O
the liquid portion that nelted first. If thegsol der past bR E
invention is used, no dislocation of balls occur. It is 15 supposed

t hat, because the said sol der paste contains alloy powder with a nelting
range, the sol der pagiisguichen tead eRFowWn tSead ildssitdmp .hag s a,egi on of
coexi'sting solid and 44 guig, ph nd even in the inside of the unnolten
portion of the sol derélp%sjtfejothgﬁg%‘%ng a partial liquid 20 phase, enabling
it to maintain tBlyepieedirasirn surface tension of the said |iquid4phase

and ensuring thaj; dgor foddEdddaht on the pads. Since ball 3,
di sl ocation during formation of BGA bunps with sol der paste is consié%red

to occur becausétfefRgeol 2
Hydrogenated castor oil 0.5
Cyclohexylamine HBr 0.1
Lauric acid . 0.5

Example S
10 Parts by weight

Alloy powder I (50 wt% Sn - 48 wt% Pb - 2 wt% Ag) 45.0
Liquidus temp. 210°C, Solidus temp. 178°C,
Size 22 - 45 pm '

Alloy powder H (80 wt% Sn - 18 wt% Pb - 2 wt% Ag) 45.0

15 Polymerized rosin 2.4
Disproportionated rosin 2.4
a-terpinecl 4.1
Hydrogenated castor oil 0.5
Cyclohexylamine HBr - .0.1

20 Lauric acid 0.5

Example 6

Parts by weight
Alloy powder J (55 wt% Sn -~ 43 wt% Pb - 2 wt% Ag) 35.0
Liquidus temp. 199°C, Solidus temp. 178°C,
25 . Size 22 - 45 um
Alloy powder K (70 wt% Sn - 28 wt% Pb - 2 wt% Ag) 35.0
Liquidus temp. 200°C, Solidus temp. 178°C,
Size 22 - 45 pm
Alloy powder L (62wt% Sn - 36 wt$ Pb - 2wt% Ag) 20.0
30 Eutectic temp. 178°C, Size 22 - 45 pm
Hydrogenated rosin
Diethylene glycol monobutyl ether
Hydrogenated castor oil
Cyclohexylamine HBr
35 Caprylic acid
Comparative Example 1

o O O NN O
(5T B S B Yo B e )

Parts by weight
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25 above-nention nechanism it is necessary to ensure that oRe
al.l oy powder has a difference between its |iquidus and its solfi ti§ SHEERAHABEEN
prevent the said nechani smfromworking. -THa & fference shoulld be fsPlAGED

[err] or nore,

preferably [err] or nore. 30 Under thepresemnt

i nvention, each alloy powder in the sol der paste should have a |iquidus
t enperat ure | onerligEnpenderef| 668t whbebat ur 7 TWet rBBYon is that i$0the

l'i qui dus tenperajjpgeobénltelctosbagn the reflow tenperature, an alloyifg

process toward avera

conmposi ti on does not proceed snmoothly and it

e.35
becones necessar?‘FSgPépgglthe refl ow tenperature or prolong the reftdw

time, putting heRydrbgenasedl easdtop s£pi conduct or . 0.5
5 Cyclohexylamine HBr 0.1
Succinic acid 0.5

10

15

20

25

Comparative Example 2
Parts by weight

Alloy powder L (62 wt% Sn - 36 wt% Pb - 2 wt$% Ag) 90.0
Polymerized rosin
Disproportionated rosin
Diethylene glycol monohexyl ether
Hydrogenated castor oil
Cyclohexylamine HBr

S O O N & N
0t = L W O O

Adipic acid .

As seen from the above explanation, high-quality
bumps for ball grid array can be formed with high yield
by the use of solder paste produced by kneading of flux
and alloy powders comprising two or more kinds of alloy
powders with different compositions, each of the alloy
powder having liguidus temperature below reflow
temperature, at least one of the alloy powders having a
difference of 10°C or more between liquidus and solidus,
the average composition of the entire alloy powder being
58 -~ 65% by weight of tin and 35 - 42% by weight of lead,
or 60 - 65% by weight of tin, 34 - 38% by weight of lead,
and 1 - 3% by weight of silver. .
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[err] 5 chips and substrates. Al sg, a||0y| ng i s not sati
an ordinary refl ow teﬁerature and resulting in rmusfﬁ!r\E“é

at
l'uster of sol der mum“l ﬂ!;mml . st rengt.hlbel_ng | ower tlhan t Wi
average- 5 A US

Therefore the present i
al | oy powders haV|ng I|qU|dus tenperatures |lower than the refl ow
t enperatures. So- caIIed eutectic the-sol deLACHger age conposition: 58 - 65%

by weight of tin and %0 b ht o ) | |

si |l ver-contai ni ng sol (%gb %5 5‘9 %l%%iffgg R4 SEAé)"I %33 y | ght of
| ead, and 1 - B%hyay\/ecghprnshlsgla/etm)xvsrm@ﬂ Mrandneﬂdr%sdquﬁﬁﬁentlon
because comprising two or more kinds of alloy powders with

5 different compositions, each of said alloy powders having
liquidus temperature below a reflow temperature, at least
one of said alloy powders having a difference of 10°C or
more between liquidus and solidus, the average
composition of the entire alloy powders being 58 - 65% by

10 weight of tin and 35 - 42% by weight of lead.

2. The bump-forming solder paste for a ball grid
array according to Claim 1, wherein said mixture of alloy
powders comprises an alloy powder containing 45 - 60% by
weight of tin and 40 - 55% by weight of lead and an alloy

15 powder containing 70 - 100% by weight of tin and 0 - 30%
by weight of lead.

3. The bump-forming solder paste for a ball grid
array according to Claim 1, wherein said mixture of alloy

~ powders comprises an alloy powder containing 50 - 60% by
20 weight of tin and 40 - 50% by weight of lead and an alloy
powder containing 70 - 85% by weight of tin and 15 - 30%
by weight of lead.

4. The bump-forming solder paste for a ball grid
array according to Claim 1, wherein said mixture of alloy

25 powders comprises an alloy powder containing 45 - 60% by
weight of tin and 40 - 55% by weight of lead, an alloy
powder containing 70 - 100% by weight of tin and 0 - 30%
by weight of lead, and an alloy powder containing
58 - 65% by weight of tin and 35 - 42% by weight of lead.

30 5. The bump-forming solder paste for a ball grid
array according to Claim 1, wherein said mixture of alloy
powders comprises an alloy powder containing 50 - 60% by
weight of tin and 40 - 50% by weight of lead, an alloy
powdér containing 70 - 85% by weight of tin and 15 - 30%

35 by weight of lead, and an alloy powder containing
58 - 65% by weight of tin and 35 - 42% by weight of lead.

6. The bump-forming solder paste for a ball grid
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both of them give good wettability éﬁd high mechani cal stren

These conpositions used for bonding
parts. The reflow ﬂnm Iﬂﬂlmmm“ se typepzof solder is ggperal F i
range of [err] to [er'r] Spattiulfarl’y around [err]. In the case=of the

average conposition of 58 - 65% by weight of tin and 35 - 42% by wei ght of
lead, it is desi mahay taccdidingrito ang @mennﬁecabhm$ moude55wheaéahnbagd50
- 60@6by wei ght 1l Q%f 5! % ad, ~3pd.qQn nor e

al | oy powders co%igfﬁ&h% < (2."'131't%ylwe n%a%ao E £d g b§ wei ght
of lead, to make a soﬁder S@ﬁp@ﬂmpwﬁ¢nm@mgng°ﬂdqml@a§tﬁeﬁ96ratbﬂélngrld

exceedi ng 25 ra@:fﬂawafc@mrﬁ&;urt% ik ¢ Whereinesalial ebklogr nore
bet ween Ilqgldus and “solidus., I'n_this %%ge tin can be used al one because

its melting®poi nicSPPSTEYUERS 48 phoME 2
: 8. A bump-forming solder paste for a ball grid

array, comprising a mixture of flux and alloy powders

comprising two or more kinds of alloy powders with
different compositions, each of said alloy powders having

10 liquidus temperature below reflow temperature, at least
one of said alloy powders having a difference of 10°C or
more between liquidus and solidus, the average
composition of the entire alloy powder being 60 - 65% by
weight of tin, 34 - 38% by weight of lead, and 1 - 3% by

15 weight of silver. .

9. The bump-forming solder paste for a ball grid
array according to Claim 8 wherein said mixture of alloy
powders compriées an alloy powder containing 45 - 60% by
weight of tin, 40 - 55% by weight of lead and 0 - 3% by

20 weight of silver and an alloy powder containing 70 - 100%
by weight of tin, 0 - 30% by weight of lead and 0 - 3% by
weight of silver.

10. The bump-forming solder paste for a ball grid
array according to Claim 8 wherein said mixture of alloy

25 powders comprises an alloy powder containing 50 - 60% by
weight of tin, 40 - 50% by weight of lead and 0 - 3% by
weight of silver and an alloy powder containing 70 - 85%
by weight of tin, 15 - 30% by weight of lead and 0 - 3%
by weight of silver.

30 11. The bump-forming solder paste for a ball grid
array according to Claim 8 wherein said mixture of alloy
powders comprises an alloy powder containing 45 - 60% by
weight of tin, 40 - 55% by weight of lead and 0 - 3% by
weight of silver and an alloy powder containing 70 - 100%

35. by weight of tin, 0 - 30% by weight of lead and 0 - 3% by

- weight of silver and an alloy powder containing 60 - 65%
weight of tin 34 ~ 38% weight of lead and 1 -~ 3% weight

. This Sheet Has Been Replaced
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When average conposition is adjusted to 60 - 65% by weight of tin, 34 - 38%

-\t;%/ewmi)?hf [ gLi gﬁ?ﬂﬂ“eﬂﬂulmmlmm& X O\r/]vgi g?t]tr];]; esia: Yg;’ pi);[/vd =Sg'ﬂ§%4% EEN
t

45 - 60% by weight* of tin,"40°- "55% by weight” of |ead and Ojl—_3%H/

of silver, and one or nore alloy powders containing 70 - 100% by wei ght of
tin, 0 - 30%Dby weighigar, of lead, and O - 3% by weight of silver. A
nore desirable case ig_to nbx one or. nore allog powder s containing 50, - 60%
by weight of tin, 40 12500B§ Remgnformipg, ppldgr paste for a ball grid

array according to Claim 8 wherein said mixture of alloy

powders comprises an alloy powder containing 50 - 60% by
5 weight of tin, 40 - 50% by weight of lead and 0 - 3% by

weight of siiver, an alloy powder containing 70 ~ 85% by

weight of tin, 15 - 30% by weight of lead and 0 - 3% by

weight of silver, and an alloy powder containing 60 - 65%

by weight of tin, 34 - 38% by weight of lead and 1 -~ 3%
10 by weight of silver.

13. The bump-forming solder paste for a ball grid
array according to any one of claims 8 to 12 wherein said
reflow temperature is in a range of 210°C to 240°C.

'14. The bump-forming solder paste for a ball grid

15 array according to claim 13 wherein said reflow
temperature is about 230°C.

15. A ball grid array in which bumps have been
formed using any one of the solder pastes described in
Claim 1 through Claim 14.
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of lead, and 0 - 3% by weight of silver, and one or nore aIon pomders

containing 70 - 85% by weight of tin, 15 - 30% by wei ght of |eq9g an 'ﬂSBEEN
3% by weight of silver. It is also p055|ble 1150 | further mx = Ehi
above m xture one or nore alloy powders contalnlng 60 - 659

tin, 34 - 38% by weight of lead, and 1 - 3% by wei ght of siTver. Be5|des

the present invention, OthGngﬂﬁﬁﬁlgﬂg@ﬂ%@dﬁ kaeR, ¢ry® arpdywherein two or
nore kinds of alloy pomders 10 Wih different conpositrons are mxed to

make a sol der paste. (For exanple, Japanese Unexam ned Pat ent Publication
Nos. Hei 3-13952, Sho 57-66993, Sho 63-149094, Sho 63-154288, Hei 1-241395,
Hei 1-271094, Hei 1-266987, Hei 2-117794, Hei 2-211995, Hei 4-22595; 15
and Hei 4-%?365.)

ABSTRACT OF THE DISCLOSURE

High-quality bumps for a ball grid array can be

formed with high yield by the use of solder paste

10 produced by kneading of flux and alloy powders comprising
two or more kinds of alloy powders with different
compositions, each of the alloy powder having liquidus
temperature below reflow temperature, at least one of the
alloy powders having a difference of 10°C or more between

15 liguidus and solidus, the average compoéition of the
entire alloy powder being 58 - 65% by weight of tin and
35 - 42% by weight of lead, or 60 - 65% by weight of tin,
34 - 38% by weight of lead, and 1 - 3% by weight of

silver. /’,“,,,~«-’”””””’



However, nost of them disclose bisnmuth- or indium containing | ownelting
point solder in their working exanples that are quite different £¥omthe
sol der conpositions of the present invention. Although Japanese 20

Unexam ned Patent Publication Sho 63-154288 and Hei 2-1 17794 incl ude
wor ki ng exanpl es that do not contain bisnuth or indium the |iquidus
tenperature of each solder alloy i.s highpey than the refl ow tenperature and
therefore these inventions are differeny/3Jromthe present 25 i nventi on.
The ot her inventions do not contain any description concerning formation of
bunps for ball grid arrays. Mreover, the use of such a solder paste wll
require higher reflom/tenperaturesF§h1 tjnge1 refl ow 30 times, resulting
either in high thermal | oad on .
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sem conductor chips and substrates or in poor luster, |low wettability and
insufficient strength due to inconplete alloying. Thus only the sol der
paste of the present invention can form bunps of high quality for ball grid

35 arrays wi thout defects. Meanwhile, the use of alloy powder with too
high a |iquidus tenperature is disadvantageous in that it requires use of
al | oy powder -7- having high tin content /so as to adjust the average

conposition. As to this conposition, it s | d be pointed out that
atom zing for powder production is a difficult process and resulting sol der

paste is unstable .
Fig.2

3

" ~ON
e,




e

5 because the powder surface is active, readily reacting with flux. Any
al l oy powder used in the present invention is not particularly limted in
terms of its shape and particle size. The shape can be spherical or
irregular, and the particle size of approximately 73[err] 10 (200 nesh)
or under are to be used. Flux for the solder paste of the present invention
conprises a resin, a solvent, a thlxotrog agent, an activator, and ot her
additives. The materials are those commp ¥ used as flux for solder paste

and there are no 15 particular limtations. Exanples of resins used in
the said sol der paste include rosi ueh as napural rosin and nodified
rosin, water-soluble resin and pol f sgampl of sol vents include

al cohol s, glycols and ethers. Exanples

9\////1\//8 /7
7 //////////// Zn
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20i 'thixotropic agents include castor oil, wax, petrochenicﬂEPbA@EMﬁNg SHEET

and am des. Exanpl es of activators include nnnocarboxyllc a
di carboxylic acid, amines, amides, imdes, amine salts, and||hBEPHAGEMENT SHEET _
Exanpl es of ot her addltlves |nclude thlckenlng_agents surf ctant %ﬁg 995

fluidity conditioners, corrosion inhibitors and anti f oam ng a@éﬁt ---------------------

wei ght percent of qux In the said sol der paste is not part|CU|arr§

limted. For printing applicgdi0pr bagerefroraBABNIEROD BRRAF2% by weight is
common. The 30 solid content in the flux, such as rosin, is not
particularly limted and can be in the wide range of 10 - 70% by weight. In
accordance with the present invention, the kind of substrate for the bal

grid array is not pardicRERYUND OF THE INVENTION
~— 5 1. Field of the Invention
.The present invention relates to a bump-forming
solder paste for ball grid array, and a ball grid array
in which bumps have been formed using the said solder
paste.

10 2. Description of the Related Art

Following the introduction in recent years of
LSIs with larger sizes and higher speeds, semiconductor ’
packages have come to have an increased number of leads
and narrower lead pitch. Although 0.5 mm-pitch-mounted

15 quad flat packages (QFPs) are manufactured in volume, it
is feared that 0.4 mm- and 0.3 mm-pitch-mounting will
increase costs due to lead distortion and defective
soldering, such as unsoldered leads and bridging between
leads caused by the narrow pitch.

20 Thus ball grid arrays (BGA) 3 have been
developed. BGA is a surface-mounting type semiconductor
package as shown in Fig. 1 where spherical solder bumps
are formed on substrates of various kinds. Since the
leads of spherical solder (spherical solder bumps 2) are

25 arrayed in two dimensions on a substrate 1, it provides
wider lead pitch as compared with QFP packages and

obviates solder ball distortion. Thus solderlng defects
;durlng volume production are expected to decrease
drastically as compared with QFP. )

30 Currently, spherical solder bumps for BGA are
formed by soldering prearranged solder balls onto pads on
a substrate. However, it is difficult to prevent

- dislocation of solder balls after they are supplied to
specified positions. Also, the process requires a large

35 amount of special jigs and involves a high production
cost ow1ng to expensive solder balls.

Agalnst this background, a new process is now
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35 limted. For pREPASEMENTTSHEELTI|fcuit board (gl ass- ep§§§FA-
paper - phenol , etc.), flexbbbe $¢aéﬂ% cqgram cs board and TAB substrate can

be used. A seni condufjtieate ~-L%--F P I s bonded to one side for electrica
connection with circort—throogh wre pondi ng, or sol der bunps. On the other
side, solder pads are set in array. The said solder paste is printed with a
printer using stencil or 5 mesh screen and supplied to each pad, and

then heated in & f&id N dgipassed Qihd®l tdpibridal sl dey , bungh-apeal igymed
spherical sol der bunmps_can

i s not particul &My B%H tsé't}’bs}rfgaoéﬁnﬁ?dy F;rlhientait"@séanh "fe Plodiify S8 1duy furnace

paste. 1In this process, solder bumps can be formed by

[©]

solder paste printing and reflowing processes which have
5 already been employed in surface mounting. Thus
conventional printing machines and reflow furnaces can be
used and no special equipment or jig is necessary. Also,
solder paste is less expensive than solder balls. The
new process is therefore expected to result in lower
10 production cost. .

However, under the above-mentioned process pf
forming spherical solder bumps on a BGA substrate by
pfinting and reflowing conventional solder paste, a
defect unique to BGA occurs where some of the balls are

15 formed outside the specified pad positions.

The present invention relates to a bump-forming
solder paste for ball grid arrays involving no defect
when sphefical solder bumps are formed on a substrate by
printing and reflowing the solder paste, and a ball grid

20 array in which bumps have been formed using the said
solder paste.
SUMMARY OF THE INVENTION
The inventors of the present invention have
conducted extensive research concerning solder paste that
25 'will not give riée to defects unique to ball grid array
such as dislocation of balls formed by printing and
reflowing solder paste. As a result, the inventors have
. found that the use of a solder paste of the present
invention obviates the defects. :
30 That is, the present inventioh provides a bump-
~ forming solder paste for a ball grid array comprising a
mixture of flux and alloy powders containing two or more
kinds of solder alloy powders with different

compositions, wherein said mixture of alloy powders 1s

35 comprised of one or more alloy'powders containing
50 - 60% by weight of tin and 40 - 50% by weight of lead

and one or more alloy powders containing 70 - 85% by




: , 5 REPLAGEMENT SHEE
an inactive atnospher ef| SAEMN-ACEMENT SJBET [br a reduci ng 10 at nosphere
such as hydrogen and affi ds, éﬁZPQE EFE EXAMPLES For Exanples 1 through 6
and Conparative Exanpl  Pate ghdl. Lo s paste was prepared through
kneadi ng at the ratios de he golder paste thus obtained 15
was printed and nelted through refIOM/at [err] and bunps were forned to
produce a BGA. The results are shown in Table 1. Table 1 Percent -defective
i nspherical bunpweiGht of Biﬁ4enaosbtLoas%obyowalﬁﬁé)oZOleadtfeacExempIe 1

8'8 Example 2 5534 solder powders hgvgnq aanquldus temperature below

the reflow temperature, at least one of said solder alloy

powders having a difference of 10°C or more between

5 liquidus and solidus, the average composition of the
alloy powders being 58 - 65% by weight of tin and
35 ~ 42% by weight of lead, or a bump-forming solder
paste for a ball grid array,; comprising a mixture of flux

and alloy powders comprising two or more kinds of alloy

10 powders with different compositions, each of said alloy
powders having liguidus temgeratufe below reflow
temperature, at least one of said alloy powders having a
difference of 10°C or more between liquidus and solidus,
the average composition of the entire alloy powder being

15 60 - 65% by weight of tin, 34 - 38% by weight of lead,
and 1 - 3% by weight of silver. :

The present invention also provides a ball array in
which bumps have been formed using the solder paste as
above.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of an example of ball grid
array under the present invention;

Fig. 2 shows a part of A-A’ cross section;

Fig. 3 shows an example of a semiconductor package;

25 Fig. 4 is a sectional view at the time of printing
under conventional printing methods;
Fig. 5 is a sectional view at the time of printing
. wlien BGA bumps are .formed by printing; and
Fig. 6 shows a solder ball which has been
30 dislocated.

DETAILED DESCRIPTION OF THE INVENTION

In ordinary solder paste printing, as shown in
Fig. 4, a solder paste 9 is printed on every pad 8 of a
substrate and covers almost the same area. 1In the case

35 of bump formation for BGA, a bigger volume of solder
paste should be supplied since spherical bumps larger
than the pads must be formed. Thus, as shown in Flg 5,



Exanpl e 4 REPLACEMENT § E&)Fmar ative | REPLACEMENT SHEET
25 Exanpl e 1 [(Cgmpaia( PEC 19 : 1.2 Exanple 2

Exan,pl e 1 30 L= 11> S Parts by V\B| ght
Al'l oy powder A (50 wt% Sn - 50 wt % Pb) -4 - 60. 0 Li qui dus

tenperature [err] Solidus tenperature [err] Size 22 - 53 [err]mAll oy

powder B (80 wt % Sn - 20 wt % Pb) 30.0 35 Li qui dus

tenperature [erritSbéideseseaperadupeihersdlIerepadte 83ipna way
substantially projecting from a pad 8. After reflow,
some of the solder balls are formed out of the positions
of pads as shown in Fig. 6: a problem unique to BGA.

5 This phenomenon is considered to be attributable to the
fact that, when a solder paste consisting only of an
alloy powder with close-tb-eutectic composition starts to
melt as heated at the outskirts of pads, the unmolten
portion of the solder paste remains in the form of solid-

10 phase powder and therefore cannot maintain its shape,
meaning that the unmolten portion of the paste is
absorbed, as balls are formed, into the liquid portion
that melted first. If the solder paste under the present
invention is used, no dislocation of balls occur. It is

15 supposed that, because the said solder paste contains
alloy powder with a melting range, the solder paste, when
heated from the outside, has a region of coexisting solid
and liquid phases and even in the inside of the unmolten
portion of the solder paste there is a partial liquid

20 phase, enabling it to maintain the shape owing to surface
tension of the said liquid phase and ensuring that balls
are formed right on the pads.

Since ball dislocation during formation of BGA bumps
with solder paste is considered to occur because of the

25 ~ above-mention mechanism, it is necessary to ensure that
at least one alloy powder has a difference between its
liquidus and its solidus so as to prevent the said
,meChanism from working. The difference should be at
least 10°C or more, preferably 20°C or more.

30 ' Under the present invention, each alloy powder in
the solder paste should have a liquidus temperature lower
than the reflow temperature. The reason is that if the
liquidus temperature is higher than the reflow
temperature, an alloying process toward average

35 composition does not proceed smoothly and it becomes
necessary to raise the reflow temperature or prolong the
reflow time, putting heavy thermal load on semiconduétor'
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2.0 Diethyl ene

3.0 Disproportionatedj rosin

gl ycol nonohexyl eth rDatea..D _____ E C]QQG _____ 3.9 Hydrogenated castor oil

0.5 5 Cycl ohexyl a ' . 5 0.1 Adipic
acid 0.5 Exanple 2 Parts by

wei ght Al oy powder G (46 W% Sn - 51 wt% Pb - 3 wt% Ag) 30.0 10

Li qui dus tenp. [enipsSahddegbsepatekerr plSobzealloyidq fer npm

satisfactorily achieved at an ordinary reflow temperature

and time, resulting in insufficient luster of solder and

in mechanical strength being lower than that of average-
5 composition solder. Therefore the present invention uses

alloy powders having liquidus temperatures lower than the
reflow temperatures.
So-called eutectic the solder (average composition:
58 - 65% by weight of tin and 35 - 42% by weight of lead)
10 or so-called silver-containing so;der (60 - 65% by weight
of tin, 34 - 38% by weight of lead, and 1 - 3% by weight
of silver) is used under the present invention because
both of them give good wettability and high mechanical
strength as alloys. These compositions are also commonly
15 used for bonding of electronics parts. The reflow
temperature of these types of solder is generally in a
range of 210°C to 240°C, particularly around 230°C. In
the case of the average composition of 58 - 65% by weight
of tin and 35 - 42% by weight of lead, it is desirable to
20 mix one or more alloy powders containing 50 - 60% by
weight of tin and 40 - 50% by weight of lead, and one or
more alloy powders containing 70 - 85% by weight of tin
and 15 - 30% by weight of lead: to make a solder
composition having liguidus temperature not exceeding
25 reflow temperature and a difference of 10°C or more
between liquidus and solidus. In this case, tin can be

used alone because its melting point is as low as 232°C.
T ek

; When average composition is adjusted to 60 - 65% by
weight of tin, 34 - 38% by weight of lead and 1 - 3% by

30 weight of silver, it is desirable, in view of liquidus
temperature, to mix one or more alloy powderé containing

. 45 - 60% by weight of tin, 40 - 55% by weight of lead and

0 - 3% by weight of ‘silver, and one or more alloy powders
containing 70 - 100% by weight of tin, 0 - 30% by weigh

35 of lead, and 0 - 3% by weight of silver. A more
desirable case is to mix one or more alloy powders . '
containing 50 - 60% by weight of tin, 40 - 50% by weight




A oy pouder H (80 wk [ Shore EaPRREET 12 Wi % Ag) 60.0 Li qii dus RERRCRMENT SHEE
Solidus tenp. [err] Sfze 10 - &qér mil5 Pol ymeri zed rosin
|

3.4 DisproportionatedirQsin "DE __________ i 3.0
[err]-terpineol B 13.0 =  _ g - 2.5 Hydrogenat ed
castor oil 0.5 Cycl ohexyl am ne HBr

0.1 20 Lauric acid 0.5

Exanpl e 3 Parts bpfwdeght AhHo0 podllebyl weh@het ¥FS8ilvéld, wab@Pbne Arvindarég)
45. 0 Liquidus tengiiberpbwaalkksd . Lepp] 2 . PhZEe22.-"45 gm
Al | oy powder H (80 mﬁgbgnw-Q%E a%&&ggniné 3P96A§?%4g¥0welg§E 5 gln’

15 - 30% by weight of lead, and 0 - 3% by weight of

silver. It is also possible to further mix with the

5 above mixture one or more alloy powders containing
60 - 65% by weight of tin, 34 - 38% by weight of lead,
and 1 - 3% by weight of silver.
Besides the present invention, other inventions have

been disclosed wherein two or more kinds of alloy powders
10 with different compositions are mixed to make a solder
paste. (For example, Japanese Uﬂexamined Patent
Publication Nos. Hei 3-13952, Sho 57-66993,
Sho 63-149094, Sho 63-154288, Hei 1-241395, Hei 1-271094,
Hei 1-266987, Hei 2-117794, Hei 2-211995, Hei 4-22595,
15 and Hei 4-29365.)

However, most of them disclose bismuth- or indium-
containing low-melting point solder in their working
examples that are quite different from the solder

| compositions of the present invention. Although Japanese
20 Unexamined Patent Publication Sho 63-154288 and
Hei 2-117794 include working examples that do not contain
bismuth or indium, the liquidus temperature of each
solder alloy is higher than the reflow temperature and
therefore these inventions are different from the preseﬁt
25 invention. The other inventions do not contain any
description concerning formation of bumps for ball grid
arrays. '
- Moreover, the use of such a solder paste will
require higher reflow temperatures and longer reflow
30 times, resulting either in high thermal load on
semiconductor chips and substrates or in poor luster, low
wettability and insufficient strength due to incomplete
alloying. Thus only the solder paste of the present
invention can form bumps of high quality for ball grid
35 arrays without defects. Meanwhile, the use of alloy
powder with too high a liquidus temperature is
disadvantageous in that it requires use of alloy po&der-
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rosin

4.1 30 Hydr ogeng
Cycl ohexyl am ne HBr

— REPLACEMENT SHEET
REPLACEMENT SHEET | 2.4 Dispr Opbl’t ionated %
.- 30 DEC 1996 254 [err]-terpineol
. s abs i- :.---b--:-::‘_h 0l 5

0.1 Lauric acid

: - 7, -
0.5 Exanple 4 Parts by weight 35 Al'l oy powder J (55 wt% Sn - 43 wt % Pb -
2 Wt % Ag)- 35.0 Liquidus tenp. [err] Solidus tenp. [err] Size 22 - 45 [err]m

[err]

10

15

20

25

30

35

having high tin content so as to adjust the average
composition. As to this composition, it should be
pointed out that atomizing for powder production is a
difficult process and resulting solder paste is unstable
because the powder surface is‘active, readily reacting
with flux. Any alloy powder used in the present
invention is not particularly limited in terms of its
shape and particle size. The shape can be spherical or
irregular, and the particle size of approximately 73p
(200 mesh) or under are to be used.

Flux for the solder paste of the present invention
comprises a resin, a solvent, a thixotropic agent, an
activator, and other additives. The materials are those
commonly used as flux for solder paste and there are no
particular limitations.

Examples of resins used in the said solder paste
include rosin such as natural rosin and modified rosin,
water-soluble resin and polymer. Examples of solvents
include alcohols, glycols and ethers. Examples of

thixotropic agents include castor oil, wax, petrochemical

polymers, and amides. Examples of activators include

monocarboxylic acid, dicarboxylic acid, amines, amides,
imides, amine salts, and halides. Examples of other
additives include thickening agents, surfactants,

fluidity conditioners, corrosion inhibitors and

antifoaming agents.
The weight percent of flux in the said solder paste

. i§ not particularly limited. For printing application,

however, a range of 9 - 12% by weight is common. The
solid content in the flux, such as rosin, is not

~ particularly limited and can be in the wide range of

10 - 70% by weight.

In accordance with the present invention, the kind
of substrate for the ball grid array is not particularly
limited. For example, printed circuit board (glass-
epoxy, paper-phenol, etc.), flexible board, ceramic;
board and TAB substrate can be used. A semiconductor
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- 10 - Alloy powder ' ' .1M96N)-2\M%MW)350 Li qui d
tenp. [err] Solidu{-ﬁerﬂrmemfsaEE¢ P2 - 45 [err]m Al |l oy powder L (62mﬁ@6

Sn - 36 W\t % Pb - 2Wt % AQ) ' Eutectic tenp. [err] Size 22 -
45 [err]n1Fydrogen!tbderahﬂn ! -8 - 6.0

D et hyl ene gl ycol ™ ] 2.9 Hydrogenat ed
castor oil 0.5 Cycl ohexyl am ne HBr

0.1 10 Capry|bﬁ190hd bonded to one 51de for electrical connecglén with

Conpar ati ve Exa ht Al'l oy powder F (63 wt% Sn - 37 wt %
Pb) 6051 g Sagﬁgtga ?ngﬁdlng or solder bumps. On the
6.0 other side, solder pads are set in array. The said

solder paste is printed with a printer using stencil or
5 mesh screen and supplied to each pad, and then heated in
a reflow furnace for melting. 1In this way, high-quality
spherical solder bumps can be formed. The atmosphere of
the reflow furnace is not particularly limited and air,
an inactive atmosphere such as nitrogen, or a reducing
10 atmosphere such as hydrogen and acids, can be used.
EXAMPLES
For Examples 1 through 6 and Comparative Examples 1
and 2, solder paste was prepared through kneading at the
ratios described below. The solder paste thus obtained

15 was printed and melted through reflow at 230°C, and bumps
were formed to produce a BGA. The results are shown in
Table 1.
Table 1
Percent defective inspherical bumps
(Out of 3,240 positions on one BGA)
20 Example 1 0.0
| Example 2 0.0
Example 3 0.0
Example 4 0.0
Comparative
25 Example 1 0.8
« Comparative :
Example .2 1.2
Example 1
30 Parts by weight
Alloy powder A (50 wt% Sn - 50 wt% Pb) 60.0

Liquidus temperature 212°C, Solidus
temperature 183°C, Size 22 - 53 um

Alloy powder B (80 wt% Sn - 20 wt% Pb) 30.0
35 ' Liquidus temperature 202°C, Solidus
temperature 183°C, Size 22 - 53 um
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15 [err]-terpineol R 3;QC%MFNTSHEET
Hydr ogenat ed castor oi
HBr

0.5 Conparative Exanple 2 20 - -
Parts by weight Alloy powder L (62 wt% Sn - 36 w%Pb - 2 wt%Ag) 90.0

0.5 Cyclohexylan1ne

Pol ynmeri zed rosin 2.0 Disproportionated
rosin Polymerized rosin 4.0 Diethylene glycol nobnohexyl B8tber
2.9 25 Fydrogﬁhgted cas tor oil . 0
Cycl ohexyl am ne proporticnated rosin 0.1 Adipic aci@’
0.5 As seen fronbpiéthpbene gkptahanonohekyyhethakity bunps for ball3gPid
array can be forged YL PheN-YLELE 011 0.5

5 Cyclohexylamine HBr _ 0.1

Adipic acid 0.5
Example 2

Parts by weight
Alloy powder G (46 wt% Sn - 51 wt% Pb - 3 wt% Ag) 30.0
10 Liquidus temp. 200°C, Solidus
temp. 178°C, Size 10 - 30 um
Alloy powder H (80 wt% Sn - 18 wt% Pb - 2 wt% Ag) 60.0
. Liquidus temp. 2006°C, Solidus temp. 178°C,
Size 10 - 30 um
15 Polymerized rosin
Disproportionated rosin
a-terpineol
Hydrogenated castor oil
Cyclohexylamine HBr
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20 Lauric acid
Exanmple 3
Parts by weight
Alloy powder I (50 wt% Sn - 48 wt% Pb - 2 wt% Ag) 45.0
- Liquidus temp. 210°C, Solidus temp. 178°C,
25 Size 22 - 45 um
Alloy powder H (80 wt% Sn - 18 wt% Pb ~ 2 wt% Ag) 45.
Polymerized rosin .
;ngproportionated rosin
a-terpineol
30  Hydrogenated castor oil
Cyclohexylamine HBr
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Lauric acid
Example 4
Parts by weight
35 Alloy powder J (55 wt% Sn - 43 wt% Pb - 2 wt% Ag) 35.0
Liquidus temp. 199°C, Solidus temp. 178°C,
Size 22 - 45 um
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powders conpri sing two P alll oy powders with different
conpositions, each of th@a@l DY pomde{ hayi ng |iquidus tenperature bel ow
refl ow tenperature, at Teast ore of the af |l oy,powders having a 35
difference of [err] or nore between liquidus and solidus, the average
conposition of the entire alloy powder being 58 - 65% by weight of tin and
35 - 42% by wei ghi1 Xy |@abier K [(e;rd]war D - HP%dw pwight s tdg) Bo 38%

ht of Iead, an % b ht of siTver
by weight of lead, and 1 .. 3%1by vei G0, Yol'ftis temp. 178°C,

Size 22 - 45 um
Alloy powder L (62wt% Sn - 36 wt% Pb ~ 2wt% Ag) 20.0
5 Eutectic temp. 178°C, Size 22 - 45 um
Hydrogenated rosin
Diethylene glycol monobutyl ether
Hydrogenated castor oil
Cyclohexylamine HBr
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10 Caprylic acid
' Comparative ample 1
: : Parts by weight
Alloy powder F (63 wt% Sn - 37 wt% Pb) 90.0
Hydrogenated rosin
15 a-terpineol
'Hydrogenated castor oil
Cyclohexylamine HBr
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Succinic acid

Comparative Example 2
20 Parts by weight

'Alloy powder L (62 wt% Sn - 36 wt% Pb - 2 wt% Ag) 90.0

Polymerized rosin 2.0
Disproportionated rosin 4.0
Diethylene glycol monohexyl ether 2.9
25 Hydrogenated'castor oil 0.5
Cyclohexylamine HBr 0.1
- Adipic acid ' 0.5

N

As seen from the above explanation, high-quality
bumps for ball grid array can be formed with high yield
30 by the use of solder paste produced by kneading of flux
and alloy powders comprising two or more kinds of alloy
powders with different compositions, each of the alloy
powder having liquidus temperature below reflow
temperature, at least one of the alloy powders having a
35 difference of 10°C or more between liquidus and solidus,
the average composition of the entire alloy powder being
58 -~ 65% by weight of tin and 35 - 42% by weight of lead,
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REPLACEMENT SHEET [err] CLAI M5 1. A bunp-form ng sol der paste for a ball

.grid array conpri |l ux and al |l oy powders conprising two or
nore ki nds of -al | pFFFORGERENGIHES || different conpositions, wherein said

m xture of alloy powderg 4  s¢d of one or nore alloy powders
containing 50 - 6 %%MWMr i ad %0 - 50% by wei ght of | ead and one
or nore alloy powders contai ning 70 - 85% by weight of tin nd %Slea§996by
wei ght of |ead, 10 each of said gpiqy,fo wders 3savibyg WS td Qs

terrper ature betjlovgoa.res‘ﬂ%)\byt At 'east one of said al I oy

and 1 - 3% by weight of silver.
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pohdefg havi ng areh or nore between |iquidus and so
t he average conp{sRERIACEHENTEHERTiffe al | oy powders being 58 - 65% by

wei ght of tin ang 15 3 o byl wei ght of | ead. 2——Fhe—-burp-formng
ﬁnﬂgﬁﬁgu Flay

sol der paste for ||ab#al accordin9 to dai, ' ' ef | ow
tenperature is i Fa&rang Lo [erT] 3 - The_mi ﬁ,!ﬂﬂﬂm ‘mer
paste for a ball grid 20 array according to Caim2+« sd el | ow

tenperature is about [err] 4. The bunp- Afh g sol der paste for a bal
grid array according to Caiml, 2 or 3, n at | east one of said alloy
powders has a differédnce & bump-jfosmimg sodsler pasitgedon iaqliadds garid

sol i dus. 5. A iy E@idﬁr&%i%@l demibdste 0¥ A JdldnddEidoy powders

comprising two or more kinds of alloy powders. with

5 different compositions, wherein said mixture of alloy
powders is comprised of one or more alloy powders
containing 50 - 60% by weight of tin and 40 - 50% by
weight of lead and one or more alloy powders containing
70 - 85% by weight of tin and 15 - 30% by weight of lead,

10 each of said alloy powders having liquidus temperature
below a reflow temperature, at least one of said alloy
powders having a difference of 10°C or more between
liquidus and solidus, the average composition of the
entire alloy powders being 58 - 65% by weight of tin and

15 35 ~ 42% by weight of lead. .

2. The bump-forming solder paste for a ball grid
array according to Claim 1 wherein said reflow
temperature is in a range of 210°C to 240°C.

3. The bump-forming solder paste for a ball grid

20 array according to Claim 2 wherein said reflow
temperature is about 230°C.

4. The bump-forming solder paste for a ball grid
array according to Claim 1, 2 or 3, wherein at least one
of said alloy powderé has a difference of 20°C or more

25 between liquidus and solidus. _

5. A bump-forming solder paste for a ball grid
array, comprising a mixture of flux and alloy pbwders
coﬁErising two or more kinds of alloy powders with
different compositions, each of said alloy powders having

30 liquidus temperature below reflow temperature, at least
one of said alloy powders having a difference of 10°C or
more between liquidus and solidus, the average
composition of the entire alloy powder being 60 - 65% by
weight of tin, 34 - 38% by weight of lead, and 1 - 3% by

35 weight of silver. '
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REPLACEMENT SHEET
iland al | oy powders conprising two or

di fiff erent conpositions, each of said alloy

| & o RS 1898, erfpt ure bel ow reflow tenperature, at

| east one of sai d||at3 oy Yiowder g a difference of [err] or nore

bet ween | i qui dus and solidus, the average conposition of the entire alloy
powder being 60 - 65% by meight of tin, 34 - 38%by weight of lead, and 1 -

3% by 35 wei ght of silver.gsrpER PASTE FOR BALL GRID ARRAY

ABSTRACT OF THE DISCLOSURE

High-quality bumps for a ball grid array can be

formed with high yield by the use of solder paste

10 produced by kneading of flux and alloy powders comprising
two or more kinds of alloy powders with different
compositions, each of the alloy powder having liquidus
temperature below reflow temperature, at least one of the
alloy powders having a difference of 10°C or more between

15 liquidus and solidus, the average composition of the
entire alloy powder being 58 - 65% by weight of tin and
35 - 42% by weight of lead, or 60 - 65% by weight of tin,
34 - 38% by weight of lead, and 1 - 3% by weight of
silver.



