1 DESCRI PTI ON Au- Sn ALLOY PONDER FOR SOLDER PASTE 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to an Au-Sn all oy powder for producing an
Au-Sn al l oy sol der paste having reduced generation of voids. Mre
particularly, the present invention is related to an Au-Sn alloy powder for
use in producing an Au-Sn alloy sol der 1Q paste which has no generation of
voi ds having a dianeter of nore than 25 m Further, the present invention
is also related a sol der paste cont HIBSORJPTH@NAuU- Sn al | oy powder of the
present invention, which is especially advantageous for sol dering an

Au- coated plate. BACKGROUND ART 15 [0002] Conventionally, it is known that
Au- Sn al |l oy sol der pastes are used for bonding sem conductor devices (e.g.,
GaAs device, high frequ vice, or the like)
to substrates, or used f%§¥%2@9382 ‘ﬁfﬂ%ﬁ?@?}%%@?ﬁ%ﬁ%gyﬂf crysta

radiators or the like, which requires extrene fineness and air-tightness. It
is also known 20 that an Au-Sn all oy powder contained in an Au-Sn all oy

sol der paste is a eutectic alloy polyner having a conposition consisting of
Sri of 20% by mass and a remni ndeTEGIONIGARFRGL.IAU and inevitable inpurities,
and that such an Au-Sn all oy powder can be obtained by gas atom zati on.
[0003] 25 In reqamngyears m nimzation of package size has rapidly
progressed. 2 Specifically, a package to be seal ed has been minimzed to a

size of 1.6 mm (g @%mnﬁnv&n%n%{e@‘tcp&mm SNl tptohvzlef‘foéﬁgagf#gﬁ%taﬂi&’%her

mnimze the size. th respect to the frane o g portion
provided in

ka e ving a size of th wi dt h),
the width GHEY &aF &f?*am e Bastridirt S so Mrre e SIatiy HE e 5
package is perforned by appl ying the above-nenti oned Au- Sn aIIo sol der
paste to t Apention is relatéd to an Au-Sn alloy powder for use in producing an Au-5n alloy solder
10  paste which has no generation of voids having a diameter of more than 25 pm. Further,

the present invention is also related a solder paste containing the Au-Sn alloy powder of

the present invention, which is especially advantageous for soldering an Au-coated plate.

BACKGROUND ART
15 [0002]

Conventionally, it is known that Au-Sn alloy solder pastes are used for bonding
semiconductor devices (e.g., GaAs device, high frequency GaAs device, heat transfer
device, or the like) to substrates, or used for package sealing of SAW filters, crystal
radiators or the like, which requires extreme fineness and air-tightness. It is also known

20  that an Au-Sn alloy powder contained in an Au-Sn alloy solder paste is a eutectic alloy
polymer having a composition consisting of Sn of 20% by mass and a remainder
containing Au and inevitable impurities, and that such an Au-Sn alloy powder can be
obtained by gas atomization.

[0003]

25 In recent years, minimization of package size has rapidly progressed.



narrow frame, followed by placing a lid thereon and heating. As the
mnimzation of package size progresses, the width of the frame becones
increasingly smaller. In the case where package sealing of a SAWfilter, a
crystal radiator or the like (which requires a high level of air-tightness)
is performed by soldering on such a narrew frane, when a 10 |arge anount of
voi ds are generated at the soldering portion, air-tightness gets | owered,
thereby | ea}eadichlty, apakigedo OF se&Mdifkibeeh FdhihARid dolasizefsTNes hith [I¥agt@ener ation

of large voids having a dianmeter of nore than 25 mis one of the main

reasons for ing .. of air-tightness .in small .pac S. 0 15 For
sol vi ng thils6 %&L‘?@ﬁ]‘)’ el}és %rgeglpﬁeéietﬁl?%? e\%i dggmggﬂ}fug}%n lz}lﬁ‘ ﬁ@{/esg%"lqg%ﬂ‘]epast e by
usi ng an Au- Sn oy. .powder hayvi ng a .copposition consisting of Sn of 15-25%
by mass a W‘%hﬁﬁﬁg@ﬂd%ﬁpﬁw MeVided Hivpackags haynga Flﬁﬁeg 1.bireg (lengthihi ch
the surface of the Au-Sn alloy powder has a conposition consisting of Sn of
7-12% by neskOamnd (evidth) thed wdidr therwof &i asisng 1Ay famd 100 ev2 30aloh earidgealing dfake and
has Au-rich primary crystal phase 20 regions of 10 area% or nore

crystal ki ?%ﬁcka@@ii§%&¥’6r§ﬁd@yla9 1 %bm-ﬁémmx%d/z\mﬁfé 5120 r%?ﬂéiéﬁ{aé’te? ¥ al

phase regions of 10 area% or re crystallized int ace’'l's obtal ned

by gas atom zing. a en Au-Sn all oy, under conditions in whi.ch t.he | ten
a- S art oerpBtidnfiuh Sled by e B HAGPLaRE R hep Ao St EdtRg ol on
tenperature (i.e., 300Cto |ower than 600C), the nolten netal pressurizing
pressure afdckags sizgjreedipesss: phewidih af the drame besepse incirasipelesmalier-nda e 20 kPa
to |l ower than 300 kPa and 500 kPa to | ower than 5,000 kPa (which are | ower
t han typi cabsqwhes prekage nehlingof9)SAVE ddtet, ke ryizlzhdiawic anthiedikei(whzh3equirest o
less than 2 nm In the surface portion of the thus obtained Au-Sn all oy

powder, t hchigh Rperdfi amtighinduy isipetfofhd By solderitRtcadl suphas@rrb @draimsg when a
crystallized is large as conpared 5 to the conposition of the entire Au-Sn

al | oy wd ERa) s coh Sii i.pqt hat
Fhe it e B o B o

oo R 8 S SR BB L B B0 S o
OneTI NG s Raving A catmeter of Tore than 35 pim 13 oo oF the matn reasons for the lowermg
of air-tightness in small packages.
[0004]

15 For solving this problem, there has been provided an Au-Sn alloy solder paste by
using an Au-Sn alloy powder having a composition consisting of Sn of 15-25% by mass
and a remainder containing Au and inevitable impurities, in which the surface of the
Au-Sn alloy powder has a composition consisting of Sn of 7-12% by mass and a
remainder containing Au and inevitable impurities, and has Au-rich primary crystal phase

20 regions of 10 area% or more crystallized. This Au-Sn alloy powder which has Au-rich
primary crystal phase regions of 10 area% or more crystallized in the surface is obtained
by gas atomizing a molten Au-Sn alloy under conditions in which the molten Au-Sn alloy

is maintained at a temperature lower than a typical molten temperature (i.e., 300°C to

lower than 600°C), the molten metal pressurizing pressure and the injection pressure are



10 Patent Docunent 1: Japanese Unexam ned Patent Application, First
Publication No. 2003-105461 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE
SOLVED BY THE | NVENTI ON 15 [ 0005] However, when a paste containing the
above-nenti oned Au-Sn all oy powder described in Patent Docunment | is used
for sol dering, although the number of voikds generated is decreased,
generation of |arge voids having a dianeter of nore than 25 m is observed,

so that relrtspbte eherbaintdn®f atDVBHa t6 1ArRAGKADEEP CAHATOD kP8 16 &SRB, 0@
Therefore, there has been desired a paste contai ning an Au-Sn al | oy powder

whi ch haswe?(lpf‘%WCh age%%ﬂﬂaﬁrf)éﬁlﬁ ?ésgl?re ﬁgﬁkﬁ"é@%é‘n@iﬁ%{aﬁ{em s frgre than

25 m as as an even e rease VOl gener a &d.” MEANS
FOR SCOLVI NG THE, P | n th| s.situation, the ent inventors
e Stud: GEMG GBI - Adt & PGy Portion 35 e B thm e S SRS Poueh at | on
of large voids having a dianeter of nore than 25 m as well as an even nore
decreased impreposion vbAdsTidhenranary edystahphaserregians crystellivad isders ascompared a)
that, with respect to a solder paste obtained by mxing in a flux an Au-Sn

alloy 5 powercomtiosiiohas the endirpasiShiatloy powdeist Thgredbre Jhisohu-80.a8023. 5% by
mass and a remainder containing Au and inevitable inpurities, and which has

a mcrostr l]b%Wd&lels'aHvaMEeﬁﬁs fnl 1St t§@aﬂhbﬁﬁ't d?"shﬂ’&creyox?daxl%h%cm@ssﬁnd’l?% @e having
a di aneter mor |ess are crystallized in a matrix, when the sol der

paste is u e, sal der j. r tion of
| ar ge voi dzﬁ%%l\#ﬁals noge%lsrlré/%learwegfdu%geFatgﬁggat% b:ﬁswvrﬁl&gtﬁgl h%ﬁ%?“%b of voids
generated is mal | er than the conveptional Au-Sn. alloy sol der pastes
and (b) tI§aRt al'ﬁﬁ'&ﬁ/\éﬂ\‘/%?“‘ So iRy prvdriias awall genapias pfross. HIer Ry BeNdeE thni ch
has fine Sn-rich primry crystal phase regions having a di arret er of 3 mor
| ess cryst @bbdibledq a¢hicvies gavddwndimg yseetfatent Bocamoufnly). of Sn-rich primary
crystal phase regions crystallized be within

10 Patent Document 1: Japanese Unexamined Patent Application, First Publication

No. 2003-105461

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

15 [0005]

However, when a paste containing the above-mentioned Au-Sn alloy powder
described in Patent Document 1 is used for soldering, although the number of voids
generated is decreased, generation of large voids having a diameter of more than 25 pm
is observed, so that reliable sealing of small size packages cannot be performed.

20 Therefore, there has been desired a paste containing an Au-Sn alloy powder which has a
small generation of large voids having a diameter of more than 25 pm, as well as an even
more decreased number of voids generated.

MEANS FOR SOLVING THE PROBLEMS

[0006]

25 In this situation, the present inventors made studies to obtain an Au-Sn alloy



the range of fromO0.5 to 30 area% and that the Au-Sn all oy powder has a

m crostructure 15 in which there is no crystallized Sn-rich primary crystal
phase region. [0007] Based on these findings, the present invention has
been conpleted. Specifically, the present invention is related to (1) an
Au- Sn al |l oy powder for a sol der paste, wgich has a conposition consisting of
Sn 20 of 20.5-23.5% by nmass and a renai nder containing Au and inevitable

i mpuriti es,pagt8Gvhivihhasin dn@dl genbration 30 g cedidOhavihde difirekdr & nitiré RAMY 5GImY,St al
phase regions having a dianeter of 3 gmor less crystallized in a matrix;

and (2) a sg lu%‘ﬁras%?%%n FRPPldPLAe Bﬂﬁbé%f%@id@'ﬁge@%?%g"‘d% aC}Fsdltt ﬁ'ﬂgé} géenabo"e

and a flux, the ux conprising rosin, an ac a solven a
viscosity inmprover. 5 [0008] The Au-Sn alloy powder of the present

i nvention #ggl sol der paste (which has 0.5 to 30 area% of fine Sn-rich
primary crystal phase regions having a dianmeter of 3 m or |ess

cryst al | i zdd)thats withgespseidolgysolter pasigyoltainad bemizingdy aphwiang\mSselpwsi tion 5
consi sting of Sn of 20.5-23.5% by nass and a renni nder containing Au and

i nevi t abl e powdptiwhichégs b @oinpesidby cabisting ofiSnof 2e.5-23ei%alby masbjasdhi ng t he
nolten netal to nechanical stirring while nmaintaining the tenperature of

the nol t en ra@biRledonBMnk A ulend0RitaBRAmMpL &S bAD @ hicRafRIntiefsBitale jdUr i ng or
after the nechanical stifring with an inert gas through a snmall nozzle

havi ng a di ter. of,. 1-2 mmand provided with a.nozzl e gap.qf 10 0.3 nmm or
ess, Cunder EEhareE SAZS TR PHORIEAC RO & el B P46 o5 E558B. 800
kPa and the injection pressure is 5,000-8,000 kPa. The stirring is

pref erably Cm@é&lgﬁd@ala maitiKy wheigthe spldenpiste ip peddeion bpldering: 8w soldeping pgrtion
Further, electric stirring, such as electromagnetic stirring can be used in

conbi nat i ohawhb gem@atiwnefdalge Sbids hatigg aatignéter dfhr@orephasZNhimi, Biveheinmber
stirring includes such a conbination of nechanical stirring and electric 15

Chep b 10V GRREf ok Br s a1e i .6k i TRIRD) s 10
screw stir r(f-j)nt(ﬂa‘ffil thox%e\r/e%,v gvleyltiﬁ e cagea(t)tethpszl?-gﬁ %Hgy lrag\%gr%higﬁ l]ié(i)s f%enélrg-lel%h
primary crystal phase regions having a diameter of 3 um or less crystallized, it is
necessary that the amount of Sn-rich primary crystal phase regions crystallized be within
the range of from 0.5 to 30 area%, and that the Au-Sn alloy powder has a microstructure
15  in which there is no crystallized Sn-rich primary crystal phase region.
[0007]
Based on these findings, the present invention has been completed.
Specifically, the present invention is related to
(1) an Au-Sn alloy powder for a solder paste, which has a composition consisting of Sn
20 0of 20.5-23.5% by mass and a remainder containing Au and inevitable impurities, and
which has 0.5 to 30 area% of fine Sn-rich primary crystal phase regions having a
diameter of 3 pm or less crystallized in a matrix; and

(2) a solder paste comprising the Au-Sn alloy powder of item (1) above and a flux, the

flux comprising rosin, an activator, a solvent and a viscosity improver.



In the production of the Au-Sn alloy powder of the present invention for a
sol der paste, by subjecting the nolten Au-Sn alloy to mechanical stirring,
there is no grow of 20 the Sn-rich primary crystal phase regions, and a
nolten Au-Sn alloy having no cluster of Au-rich primary crystal phase
regions can be obtained. Further, by atogizing the thus obtained nolten

Au- Sn all oy, there can be obtained an Au-Sn all oy powder which has no
Au-rich primary pyeg¢ region and has 0.5 to 30 area% of fine Sn-rich primary
crystal phase regions having a dianeter of 3 mor less crystallized in a
matrix. Wen a pagtauddh S0TdwIcPET B HraPRAMEyERIhifoNethiAl palie @ qué}ﬂ hgowder
and a flux conprised of r05|n an 6 activator, a solvent and a viscosity

i mprover for, the number of voi.ds ener ted at

S0/ der  ng. Do PG e PEEESh ARk HBe Poise KGR eV e LBrer 8F bRy of ds
havi ng a dianeter of nore than 25 mis observed. Conventionally, there has
been known oaleseenystallizad)ifipedduged umghingl dangyu-Bawllayghadnga compesiien on
consisting of Sn content is 20.5-23.5% by mass and a renai nder cont ai ni ng
An and $ nevoiisidling df SpWIi20i5e33.5% byahisdnd @ rolhiatder conmdhihe Aumtahevitabid t he
obtained nolten netal is subjected to inert gas atom zation, thereby

obtai ni ng afpditieano ﬂ%‘r{) yob@ﬁ%%olte‘ﬁ'%\ﬁéﬂeﬁub utn thEMBRE] E&I ﬁi&%@cl{%ﬂicﬁ#' Sn

al | oy powder obtalne y gas atomzing a n Au- Sn aV|ng a
conposi tion.consi,s Sn of 20.5-23.5% by .10 ma
contalnlng'Wﬁnﬁﬁﬁ“&ﬁ@%ﬁEQ%P%ﬂFﬁEﬂP??Pﬁgoaﬁ%H%ﬂ?nﬁg§%éﬁgﬁgp’1@&?&L even
when fine Sn-rich primary crystal phase regions having a di ameter of 3 m or
| ess are cinjestiglthe mglten etad doting oodfter e 18achanichl Bitfinamyjthanyiserhasphase

regi ons does not exceed 0.4 area% and the mpjority of the Sn-rich primary
crystal phédseugltegimald nor¥shaling z ddmerer i @-2Smnf acieprbaigded withanmizele gas of ar ge as
nore than 3m Wen such 15 Sn-rich primary crystal phase regions having a

di amet g5 of, 3rmﬁﬁoxt19§snu§de%@ﬁcﬁno&nw}ﬁéﬂ thé %lteﬁ%etﬂ% YredQRed BE3 IUEHUREPOf
voi ds generated i ncreases, but also large voids having a diameter of nore

e, 22 S5 RSRELAk e T 4 2 Pt A N BRERERRar | o [
ghase 1 o0l ohe Bl 10, st or ol 2ol 2Bkl SER-FHISA bigag and hes no
electromagnetic stirring can be used in combination with mechanical stirring, and in the
present invention, stirring includes such a combination of mechanical stirring and electric
15  stirring. With respect to the revolution rate of the mechanical stirring, there is no
particular limitation. However, it is preferred to perform screw stirring at a revolution
rate of 60-100 rpm for 3-10 minutes.
In the production of the Au-Sn alloy powder of the present invention for a solder
paste, by subjecting the molten Au-Sn alloy to mechanical stirring, there is no grow of
20  the Sn-rich primary crystal phase regions, and a molten Au-Sn alloy having no cluster of
Au-rich primary crystal phase regions can be obtained. Further, by atomizing the thus
obtained molten Au-Sn alloy, there can be obtained an Au-Sn alloy powder which has no
Au-rich primary phase region and has 0.5 to 30 area% of fine Sn-rich primary crystal

phase regions having a diameter of 3 pm or less crystallized in a matrix. When a paste

25  comprising the above-mentioned Au-Sn alloy powder and a flux comprised of rosin, an



a nolten Au-Sn alloy having a conposition consisting of Sn of 20.5-23.5% by
mass and a renai nder containing Au and inevitable inpurities, foll owed by
atom zing. [0009] 1In the present invention, the reason for limting the Sn
content of the Au-Sn 7 alloy powder for a solder paste within the range of
20.5 to 23.5%by nass is as follows. Thigs type of solder paste is generally
used for soldering on an Au-coated substrate. In such a case, when the Sn

content of atteitdila Sslveltlagy aposwdsicy in‘{ﬁprbﬁéi'Ss tided oI &Yny thedsmber Aivdids t he An
coating corrodes the solder nmetal (i.e., Au-Sn alloy), so that the Au 5

concent r at igflrhid§ LEAS %éldeﬁﬂfgggﬁllph higceRAGE %aee§P901BIIPF n'(%‘rk[ ﬁ&ﬂﬁ&%f at e%lds

Au-rich primary crysta ph eg|ons crysi l'1ze'inthe contact
interface of the tquAu thalé$§ t the melting point of the
sol der past'8V'Bé8SsHERCH Y ardndh #@EBQ? of the nolten liquid becones

hi gh, thereby causing a disadvantage in that the gas generated during the
mel ting of the p&snecnjenslly, thagpbas breaknows agudibed mt whiclban AleSroallerhalengd,
when the Sn 10 content exceeds 23.5% by mass, di sadvantages are caused in

that Snsri @RopiposiEby ceiisydinglof SAAERNT B ROGAZ3. B%\byﬁﬁas% Miaremeindas | arge as
nore than 3mcrystallize even after the nmechanical stirring of the nolten

metal , and cbiafsli at By LR ALbIBTRIM Rt GENS RldoiaRd mdiltnhal, Bid gRr v crystal

phase reglons excee "oy powder of the

gt ons vl BReRyae B P8 Shie 8T lines B8 iAok SsRboERIRE L ShSns i ng

of Sn content of 37 to 39% by mass and a renmi nder_ contai ning An and

i nevi t abl e alleppewesres Hovgaer @ibgaspesito spushsan duiinaalloy powdapohtaineddy &8 havi ng
a conposition consisting of Sn of 20.5 to 23.5% by nass and a renuai nder
cont ai ni ng afmiziaga meltsn Aabhelloypaving aesmpositospensisting pf Snef $0.8r351%abyphase
regions which crystallize 20 inevitably have an Sn content of 37 to 39% by

mass. 10 00hQks bl 4 Réndifides @BhtainiveAl hodinettshlé Gap@itidsRe hapmethapical i ne
Sn-rich primary crystal phase regions having a dianeter of 3 gmor |ess

o ySt alli zef| E&%a\@%‘ﬁﬁeaéﬁ ¥ h(gygt%dﬁaga }egijonﬁ‘hﬁﬂhg ald¥indi8ngs gh from

0.5 to 30 area OIS

or less are crystallized, the amount of the Sn-rich primary crystal phase regions does not
exceed 0.4 area%, and the majority of the Sn-rich primary crystal phase regions
crystallized in the surface has a diameter as large as more than 3 pm.  When such
15  Sn-rich primary crystal phase regions having a diameter of more than 3 ym are
crystallized, not only does the number of voids generated increases, but also large voids
having a diameter of more than 25 um are generated.
The Au-Sn alloy powder of the present invention for a solder paste, which has
0.5 to 30 area% of fine Sn-rich primary crystal phase regions having a diameter of 3 um
20  or less crystallized and has no Au-rich primary phase region can be produced by stirring
a molten Au-Sn alloy having a composition consisting of Sn of 20.5-23.5% by mass and
a remainder containing Au and inevitable impurities, followed by atomizing.
[0009]

In the present invention, the reason for limiting the Sn content of the Au-Sn



25 fine Sn-rich primary crystal phase regions is less than 0.5 area% An in
the substrate 8 which is generally coated with An corrodes the Au-Sn all oy,
so that the Au-rich primary crystal phase regions crystallize in the
contacting interface of the nelted Au-Sn alloy. These Au-rich primary
crystal phase regions exhibit a high nel§ing point as conpared to other
eutectic constituents, so that the viscosity of a nolten liquid of these

Au-rich 5 plbypéyd& sl sdld@MASR Wighh GRSaRQCAIESS fH THEY, yhAdss iPid @llows.qui ds
of other eutectic constituents at the sane tenperature, thereby causing a

di sadvant aqeid Od Bl1d0 5a985 o AEARY AEHTIUEIBIN BP IRLI NG nddiE: PaSLE et s

trapped near t strat en the anount o I ne
Sn-rich primary cryst al ase regions,exceeds 30 area% ..th l.ti ng point
of Lhe a1 SoE P SRRyl B AP ATS A nosrBERarhen b by e 10
proportion of the Sn-rich primary crystal phase regions becones high.

Furt her, by\uisihe Apgeatingorerodes tgselder meipbiim:. Au-he aley) smigaplbe A becones

hi gh, so that the viscosity of the nolten |liquid beconmes high, thereby

causi ng5 a dosadiratidragereasest hilue td ehedagrege e et adcordentrat®pnt Ae-rivhlgrintegy of t he
paste becones susceptible to trapping. In the present invention, the anount

of the Sn-thytal BhasBREY oL H§6talizP PGS coREERISinfek i8S 8f thb ZRGtel AudSn diRvy, so
cross-section of the Au-Sn alloy powder is in the range of from10 to 20

ar ea% EFlt:}EiqqeqP:%%iﬁgPl)W legéllduag ?gg@ lﬁecg %ghf&ﬁg&mgﬁé His o%ﬂ#{'%% {Her}lgol'iege Au- Sn

al | oy powder o esent 1 nvention ha eneratio I"arge voi ds

havi ng a di] e than 25. m Therefore he_ Au- Sn al | V\/dﬁt’{ of

aneter of m , 0 9]
the presen REReREn SR HEREPE caking 4 SdveRaas i thal theersarrered de e can
provi de a sol der paste having excellent reliability as conpared to a sol der
paste contmsitimgef the pests eeis reprad nar e sabsteie. pdiwide othendand vheaths $n can
reduce the occurrence of defects in a sem conductor device. 25 9 BEST MODE
FOR CARRYI Neht€hilexTedds I2BNENDY @dss,[dMddRdntages are caused in that Sn-rich primary crystal

phase regions having a diameter as large as more than 3 pum crystallize even after the
mechanical stirring of the molten metal, and in that the total amount of crystallized
Sn-rich primary crystal phase regions exceeds 30 area%.
Further, in the Au-Sn alloy powder of the present invention for a solder paste,
15 the Sn-rich primary crystal phase regions which crystallize in a cross-section has a
composition consisting of Sn content of 37 to 39% by mass and a remainder containing
Au and inevitable impurities. The reason for this is that in a molten metal having a
composition consisting of Sn of 20.5 to 23.5% by mass and a remainder containing Au
and inevitable impurities, the Sn-rich primary crystal phase regions which crystallize
20  inevitably have an Sn content of 37 to 39% by mass.
[0010]

In the present invention, the reason the amount of fine Sn-rich primary crystal
phase regions having a diameter of 3 um or less crystallized in the Au-Sn alloy powder is
limited within the range of from 0.5 to 30 area% is as follows. When the amount of the

25  fine Sn-rich primary crystal phase regions is less than 0.5 area%, Au in the substrate



Au-Sn alloy powders 1 to 5 of the present invention, Conparative Au-Sn all oy
powders 1 to 5 and Conventional Au-Sn alloy powders | and 2 were produced as
follows. 5 An Au-Sn alloy having a conposition as indicated in Table 1 was
melted in a high frequency nelting furnace to obtain a nolten netal. The

nol ten nmetal was subjected to nechanicaf stirring by rotating a screw for a
period of tinme as indicated in Table 1, while mintaining the nolten netal

at a tenpekaidh'ie gaserhiftsaddith AuTablogeslthe RULSMAISY s@fhatihe AvAcBERaR cal
stlrrlng, the nolten netal was pressurized at a pressure as indicated in 10

Table 1, @?Pﬁ h@%h Hﬁlh%’i&t‘ﬁ@ cHEtE@tk }gfjlﬂte%g@ofﬁq‘é’E{?ei‘teﬂ%zuzéx‘l?alﬁ’c\fkfv' ded at

t he bottom 0 quency nelting rnace. Sinultaneous th the

dr oppi ng of. t he, nol rret al as.was e ward.the dro

ol ten et APESRARHER AEEEY sl et ot exwaﬁa@asﬂal‘f?wgmmes:fw?%d@ﬁ a gas
nozzl e having a dianeter as indicated in Table 1 and rovided wth a 0.2 mm
nozzl e gapCBir eWectfesanstiaeytsiRehaidhe visersitsloy 2 omligndianig! of thess Ansrieh oni zed
powder. The obtai ned gas atom zed powder was sieved to thereby obtain an

Au- Sn ab | oyripavyetysta] fiktStegidmadecahed lighdkuhdnmalttrolquidsoitstBerkeuteatib of t he
present invention, Conparative Au-Sn alloy powders 1 to 5 and Conventi onal

Au-Sn al |l Oﬁorﬁ%@i‘f&%issatjch@%e?teff@@rafdré |tﬁé’reb§‘c§ﬁu@ 4 @8ddVaRBgk SURiaRé gak 1 O

cross-section polishing. Then, the polished cross-section was subjected to

EPMA (el ecggﬁ)e@?tgé ggﬁ %{h \Adl?ee}{‘%%}fft'h%&)aétg okt Al pea%‘eaﬁ ALY Ona(llf lfx]e? EPMVA

i mge, aVI n Cross-sec er of

particle LS ARl Sﬁ-r%ﬁfm%ﬁaﬁ?%{%gaﬁ’ %hé%ﬁségns?%‘g‘é’eﬁ?’oaw e

amount of the Sn-rich primary crystal 25 phase regions in terns of

per cent age thefmelliag peing of de@lipy patvderapparsnily Rleifts b t¢raperainye, $0 thajee
nmeasured by an i mage processing software. The results are shown in Table 2.
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obt ai ni ng a solder paste.
the molten liquid becomes high, thereby causing a disadvantage in that the gas generated
during the melting of the paste becomes susceptible to trapping. In the present

invention, the amount of the Sn-rich primary crystal phase regions crystallized in a

15  cross-section of the Au-Sn alloy powder is in the range of from 10 to 20 area%.

EFFECT OF THE INVENTION

[0011]

A solder paste containing the Au-Sn alloy powder of the present invention has

20  no generation of large voids having a diameter of more than 25 pm. Therefore, the

Au-Sn alloy powder of the present invention exhibits excellent industrial effects in that it
can provide a solder paste having excellent reliability as compared to a solder paste
containing a conventional Au-Sn alloy powder, and in that it can reduce the occurrence of
defects in a semiconductor device.

25



Subsequently, using the obtained sol der paste, the foll ow ng nmeasurenents
were perforned. Firstly, an Fe-N alloy plate (Ni: 42% renai nder: Fe and

i nevitable inmpurity) having a size of 10 nm (length) x 10 mm (width) x 1 mm
(thickness) was prepared. An 10 Ni coating having a thickness of 2.5 mwas
applied to the Fe-N alloy plate, and then, an Au coating having a thickness
of 0.03 mwas further applied, thereby obtaining a substrate. To the
substrate was pri nt edBERE MODFEQRICGARRHIISGIQIET TRHSINVEBITMGNa mask having a
di ameter of 6.5 mand a thickness of 1.2 nm followed by reflow ng 15
(preheating: 150@®0@)seconds + nain heating: 3200/ 60 seconds). Then
generated voids having various sizes as indicated in Table 2 were observed

uting an i mage prestaloy PRRRIELISS o ot AR on Lo B AR SR
L. 0 0 oPevERb1and wisraventong dudnalleygonierd 43 terapraieed s Bl © 0 0
O0OO0OO0OO0O0O COGNUOOOOOOOOOOODO
5  An Au-Sn alloy having a composition as indicated in Table 1 was melted in a high
frequency melting furnace to obtain a molten metal. The molten metal was subjected to
mechanical stirring by rotating a screw for a period of time as indicated in Table 1, while
maintaining the molten metal at a temperature as indicated in Table 1. During or after
the mechanical stirring, the molten metal was pressurized at a pressure as indicated in
10 Table 1, to thereby allow the molten metal to drop from a nozzle provided at the bottom
of the high frequency melting furnace. Simultaneously with the dropping of the molten
metal, Ar gas was injected toward the dropping molten metal at an injection pressure as
indicated in Table 1 through a gas nozzle having a diameter as indicated in Table 1 and
provided with a 0.2 mm nozzle gap on the periphery thereof, thereby obtaining a gas
15 atomized powder. The obtained gas atomized powder was sieved to thereby obtain an
Au-Sn alloy powder.
[0013]
Each of the Au-Sn alloy powders 1 to 5 of the present invention, Comparative
Au-8n alloy powders 1 to 5 and Conventional Au-Sn alloy powders 1 and 2 was filled in
20  aresin and subjected to cross-section polishing. Then, the polished cross-section was
subjected to EPMA (electron probe microanalysis) to obtain an EPMA image. From the
EPMA image, 10 samples of powder particles having a cross-sectional diameter of 15 um
were selected, and with respect to each of the 10 samples, the particle diameter of the

Sn-rich primary crystal phase regions and the amount of the Sn-rich primary crystal

25  phase regions in terms of percentage of the cross-sectional area of the sample (area%)
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were measured by an image processing software. The results are shown in Table 2.

Each of the Au-Sn alloy powders 1 to 5 of the present invention, Comparative
Au-Sn alloy powders 1 to 5 and Conventional Au-Sn alloy powders 1 and 2 was mixed
with a typical RMA flux at a flux ratio of 7% by mass, thereby obtaining a solder paste.

5 [0014]

Subsequently, using the obtained solder paste, the following measurements were
performed.

Firstly, an Fe-Ni alloy plate (Ni: 42%; remainder: Fe and inevitable impurity)
having a size of 10 mm (length) x 10 mm (width) x 1 mm (thickness) was prepared. An

10 Ni coating having a thickness of 2.5 um was applied to the Fe-Ni alloy plate, and then, an

Au coating having a thickness of 0.03 pm was forther applied, thereby obtaining a
substrate.

To the substrate was printed the above-obtained solder paste using a mask

having a diameter of 6.5 pum and a thickness of 1.2 mm, followed by reflowing

15  (preheating: 150°C/60 seconds + main heating: 320°C/60 seconds). Then, generated
voids having various sizes as indicated in Table 2 were observed by a transmission X ray
apparatus, and the number of voids was counted using an image processing software.

The results are shown in Table 2.
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[0015]

[ Tabl e 2]

[Table 1]
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[Table 2]
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pr esent

10

i nvention have a snal
pastes containing Au-Sn alloy powders 1 to 5 of the present invention have a small

number of voids generated, as compared to the solder pastes containing Conventional
Au-Sn alloy powders 1 and 2, and that the solder pastes containing Conventional Au-Sn
alloy powders 1 and 2 have generation of large voids having a diameter of more than 25
um, whereas the solder pastes containing Au-Sn alloy powders 1 to 5 of the present
invention have no generation of voids having a diameter of more than 25 um.

Further, it can be seen that Comparative Au-Sn alloy powders 1 to 5 which are outside
the scope of the present invention have an unfavorable increase in the number of voids

generated.



nunber of voids generated, as conpared to the sol der pastes containing
Conventional Au-Sn alloy powders |I and 2, and that the sol der pastes
cont ai ni ng Conventional Au-Sn 5 alloy powders 1 and 2 have generation of

| arge voids having a diameter of nore than 25 m whereas the sol der pastes
contai ning Au-Sn alloy powders 1 to 5 ofj4he present invention have no
generation of voids having a dianeter of nore than 25 m Further, it can be
seen that Conparative Au-Sn alloy powddHrsIMSto 5 which are outside the
scope of the present invention have an unfavorable increase in the nunber of
voids 10 generated. 14 CLAIMS 1. An Au-Sn alloy powder for a sol der paste,
whi ch has a conposition consisting of Sri of 20 5-23. 5@6by mass and a

renai nder gont ai ' .

i crost ructiare. | AhAre B ey T Syl B Ml o Hon pR RSP ERFihap
phase reglo meter of 3 mor Iess are cr S alllzed in a.matrix.
2. A sol deP kﬁafé%gﬁgéﬁy ﬁﬁgn%Sﬁ@né\& TERARIE L FORRG: A NG RBEVHARIC ARPIRLES
the flux conprising rosin, an activator, a solvent and a viscosity

i mprovef. B0d3vhigh rhes raomi@ostnp:twrd uei which HBS Aa-Fh aedabopl pdinde¥n-oth griaiany 1,
conprising: nelting an Au-Sn all oy having a conposition consisting of Sri of
20. 5- 23. 5%cb%tal?’uﬁ§§ x@%ﬁ@n@hi b BRR{etcr @B Jin bR RsPte At RLN thakh&rik mpuri ti es
to obtain a nolten subj ecting the nolten netal to mechani cal
stirring, and 15 atom zing the nolten nmetal during or after the mechani cal
stirring. 4. The method according to claim3, wherein the mechani cal

stirring is screw irring
d SZ so%er paste compr:smg the Au-Sn alloy powder of claim 1 and a flux, the flux

comprising rosin, an activator, a solvent and a viscosity improver.

10
3. A method for producing the Au-Sn alloy powder of claim 1, comprising:
melting an Au-Sn alloy having a composition consisting of Sn of 20.5-23.5% by
mass and a remainder containing Au and inevitable impurities to obtain a molten metal,
subjecting the molten metal to mechanical stirring, and
15 atomizing the molten metal during or after the mechanical stirring.

4, The method according to claim 3, wherein the mechanical stirring is screw

stirring.





