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SPECI FI CATI ON  SOLDERI NG METHOD 5 Technical Field
[0001] This invention relates to a sol dering nethod.
Background [ 0002] Sol der bunps, which may be

hem spherical |unps of solder, are sonetines sol dered
onto circuitry on a silicon wafer, a silicon chip or a
printed 1o circuit board.in order to facilitate

el ectrical connection of j [try to another. An
exanpl e of a method of so%@ﬁé&ﬁlﬁmsol der bunps is
di sclosed in a patent docunent 1. [0003] Patent

docunent 1: JP 2001-58259 A [0004] The techni gue shown

in this document can el SGLWF@N@WW pfor 15 using
flux for soldering. According to Is technique, a

substrate board for which soldering is provided is
di sposed Ivvi thin a vacuumroom Bunps of solder are
d predetermined | ocations on the board. The

m%ajure |Tn the vacuumroomis reduced to a vacuum
Q0] ¢ hat! Nigwiiveationgplajenép a soidssinga@etdd. gas in the

mwr ogen radicals to the vacuumroom the
re wwthin 20 the vacuum roomis raised to the
ng t t f 1 he
@Otglr aﬁ%m%ﬁe%@ Whﬁ{}ﬁ cuurﬂe?%'gﬁb @5081'885 of solder, are
icbdﬁ@tltnlélsssolbwb"d)@ﬂ[b cAduRAl 8n él%ﬁlo%‘r\p%[]as a\/\@lllleHt(nﬁp or a printed

solder is in a nolten stat'e. [0005 been fo

¢inatit bherd Enobldj@rr|tngacmmiarm«e@tdtoam:omsedﬁ@ntd)‘ﬁ such circuitry to another.
éechnl que, a void may not go out fromthe sol dered
m@mmrﬁj‘sa élaﬁfhﬁdtOft?rfédewﬁg suapsodder bwnpatie digelosed in a patent

4:@ a'?}v\fl d goes out fromthe solder bunps the bunps
an%? 'up. Such inflation is considered to be caused
e hy ped I en sol der. The
@Oown ugjé}gﬁggg@ﬁagﬁg?r err‘g:\‘/gpoig%ggg films from
[t0i0©4!TD| t err ieokslenife tsh@why ¢ Qﬁl%”déﬂ%éﬂ gaﬂhél?rﬁ r?artg the need for
continuously supplied even after er 1s ea ed
using texder asaiderimdpovedddosdingl t nbispoédtinigwe chapgbstiste board for

a 30 liquid phase and by the going out of the voi ds
W'P'@ﬁw&%@eré'&ﬂ depro\idedhés Idi&ﬁ)@Ba FYHHB@ a vacuum room. Bumps of solder

are disposed at predetermined locations on the board. The pressure in the
vacuum room is reduced to a vacuum. After that, while supplying a free-radical
gas in the form of hydrogen radicals to the vacuum room, the temperature within
the vacuum room is raised to the melting temperature of .the solder to melt the
solder, and, thereafter, the vacuum roorr; is cooled.  Like this, hydrogen radicals
are supplied while the solder is in a molten state.

[0005] It has been found that when soldering is carried out using this
technique, a void may not go out from the soldered solder bumps so that the
bumps can inflate, or when a void goes out from the solder bumps the bumps may
blow up.  Such inflation is considered to be caused by the hydrogen gas trapped
in the molten solder.  The blowing up is caused by removal of oxide films from
the molten solder by the hydrogen radicals which are continuously supplied even
after the solder is heated to a temperature above its melting point to change to a
liquid phase and by the going out of the voids from the solder in the liquid phase,
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1 the latter occurring sinultaneously with the renoval
of oxide filnms, [0006] An object of the present
invention is to provide a soldering nmethod enabling
hi gh-quality sol dering. DI SCLOSURE OF THE | NVENTION 5
Subj ect of the Invention [0007] In the sol dering
nethod according to the present invention, the

iy “i?é'togr@”@(d@?‘&’?@sﬁ&gmsyp%”w{?ﬁSP@VWOrﬁx'ﬁsﬁd?@fjht3
FO0Guum Ahemjed 6f B8R mﬁ?ﬁéﬁ'ln@é}ﬁcﬁe R 3%89 %es%ldering method

the vacuumroom w th I ch an oxi

givd fol &g h@hp@mwuwﬂ;old%rt;g 10 that, the generation of
the free-radical gas is |nterrupted to make the

at mosphere in t heDIGCLARURDOMBHEANVENTIGN and the
enpe{a re, of ﬁhe solder is raised above the nelting
é%?ﬁ@—@iﬂﬂhgﬂﬁﬁuaér, causing the solder to nelt wthin
non [ at nps re, The sol der nay consi st
@%%giy ofq? ﬂ g ﬂ%y gn@pﬁggfzppﬂr Re Gndherpigseat invention, the
e 8Gieeth T4 g%#ﬁhh"%oml ?ﬁﬂ%tgﬁﬂpg%%gle%guwyar'gggqyamstate solder is

Zi nc, e free-radi

dla}:i@@ei:i Sherbw XA &) tobétva‘éhgﬁxr V?ﬁgﬁué fr er%rééldxjé:sak generated

gases can be used. [0008] Solder ten ave
ioxtheevefoulum ovam, iwith whichasre oxfaet filnevesr ée older is removed.  After
g rature Iomer than the melting point of the
P deqedatiexioddhe ifran-cadicalt gas |Ssmltereuptedrtobmake the atmosphere
sol der to a free-radical

t@&r ggﬂ&fwerxo%sge)ﬁnwﬁ@mg he"q dhe dpaperauss qfh@e Solder Is raised
SRlvEehd Sméﬁﬁ'ngrrgo it 8'f gpsecfl él””ﬁ%%%etptﬁhgwgggutﬁbr It within the

poi nt ter r émovi ng t oXI

n@f- bkldlzfmg%tmégpﬁé\*e ga?fheséd?ﬂ’é’reﬁ'\ag St s‘igﬁdﬂé’lﬁocff @ﬁ‘eor may include

sol der sel dom occurs because the

tineand edheadr eadty . seffenteefromrsiveevieadwaspp éﬁ?%:ﬁﬁhﬂﬁrmdﬁ]m and zinc.
nolten, no free-radical q?as i's trapped in the sol
Thenégetrdical pgas) may brehydiegenartidicsls géor ampleerbut%ther various

B hBE 4P oPaibe BRda T1ux or an adnesive which

[DEGHIPS NOSbRf Hdfids RoIna Pl en"BLRE MR DS TRULINEN LSt even at a
temperature lower than the melting point of the solder, such oxide film over the
solder can be removed by exposing the solder to a free-radical gas.  Accordingly,
even when the temperature of the solder is raised to a temperature above the
melting point after removing the oxide film, with the supply of the free-radical gas
stopped, blowing up of the solder seldom occurs because the oxide film has been
removed already. Furthermore, even when the solder is molten, no free-radical
gas is trapped in the solder since the supply of the free-radical gas has been
stopped.

[0009] Fixing the solder to the workpiece can be done, by the use of a flux
or an adhesive which leaves no residue, e.g. one whose main constituent is
alcohol or organic acid.  Alternatively, a recess may be formed in a substrate
board, within which the solder is disposed to thereby fix the solder without using a

flux or adhesive,
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al cohol or organic acid. Alternatively, a recess nmay
be formed in a substrate board, within which the

sol der |Is disposed to thereby fix the sol der w thout
using a 30 flux or adhesive, 2 BRI EF DESCRI PTI ON OF

THE DRAW NGS [ 0010] FIGURE 1 schematically shows an
apparatus used in the soldering nethod accordlng to

an enbodi ment oBR (kg lD’ES@R'I‘PTIO‘N%‘F T DRA AR S
schematical ly shows how the tenperature and pressure

(6010 the BitpaRat Uisschlemanticiatly FHOWRE ah & F@%‘rgms\l\hgé‘dtnhethe soldering
sol dering nmethod is carried out. FIGJ is a
o @CLouling éwa@rﬁmb@@mmoétbmpomemanmntmrf i xed to

a wor kpi e arat s shown in FIGURE 1. BEST
MODE FOR %iﬁh@ié\l% e malEe ’M\/ﬁmwmowoth[eomerwrgh@w pressure in

U S BB LGB e bl o is carres

pugesent invention includes a vacuum room 2. The
vacuum room 2 has a chanber 4, for exanple, which

i ncl udes #GUREG iehapbapeRays vﬁlw%rh%vﬁﬁb WBReS s%'cr}fémggn is fixed to

part 4b. The | ower chanber part 4a is box-shape
&a@r&nleopemthg apparatps shioeynuippelG eRBNMger part 4b is 15

joined to the | ower chanbe art 4a b means of, for
exarrpl e, a BEsgeMPREQR Qfd'gR}ﬁH‘il@ @b c'ﬁl'b%éNVEélTthbler

4a. The | ower and

th | h
(92} "9 st R 1B FUGUIS ) P 3b et o biar bl sehda the soldering

R, SO0 S B & P Sl o e
foeepPe h@’h@ﬂté&@'m rEéfr'ﬂa@%i%”Q dRASer ﬁeé%fé@gl%“%hlch includes a

punp 6, is coupled to 20 t bottom of’

lowantzdianpeert p ath 4 aQued ahlmabfcﬁaimebe/ra@awmbpun%@ Iwwbh chamber part
t he upper chanber part 4b covering the | ower chanb

45ars bex- %\ﬁd@ﬂaﬁéé haﬁeam ep&srihgronoftop.he Mecupper @bamzber part 4b is
. The vac i,s of a type havin control |l abl e

jallied, O egolisEe é?é‘anttt%i)@]”w i O 8 OO0 EXAMaIm 2NiNge 50 as to be
4016 tboUBEe TR MerP@dnif§uin (RS 1B%RT & mber part 4a. The lower and

upper chamber parts 4a and 4b are arranged such that, when the upper chamber
part 4b is over the lower chamber part 4a, the interiors of both chamber parts
become hermetical.  Exhausting means, e.g. a vacuum pump 6, is coupled to
the bottom of the lower chamber part 4a.  Operation of the vacuum pump 6 with
the upper chamber pari 4b covering the lower chamber part 4a evacuates the
interior of the vacuum room 2. The vacuum pump 6 is of a type having a
controllable exhausting speed.

[0012] Within the vacuum room 2, in the lower chamber part 4a, for example,
heating means, e.g. a heating device 8, is disposed. The heating device 8 has
a planar support table 12. A workpiece, e.g. a silicon wafer or a printed circuit
board 10 on which a solder bump is formed, is supported on a surface of the
support table 12.  The support table 12 is formed of a material having small
thermal capacity, such as ceramic or carbon.  An electric heater 14 is embedded
in the support table 12. In place of the electric heater 14, an infrared heating
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25 heating neans, e,g. a heating device 8, is

di sposed. The heating device 8 has a planar support
table 12. A workpiece, e.g, a silicon wafer or a
printed circuit board 10 on which a solder bunp is
formed, is supported on a surface of the support
table 12. The support table 12 is fornmed of a materi al

Uavmngnan@dUs@hernal capacity, such as ceramc or
carbon, An electric heater 14 is enbedded 30 in the

KMt t ablkeater powepl 8w | 9f (rohes Rvapt fdrctmeefhte%'ter144 is disposed
an |nfrared heating 3 fill device nmay be used
PBIFI%e the Naadwm reeme?, suppeydy tmthehewrer Thoard hel out of the vacuum

4, d tside th 2 d
PR, ot id BefeRBaRE e raebiopL tasat0rdh or i tuantae 3 cad connected
h t I t at f th
B e ek O B, "L T e e heat or pover Saonly.
A ... whi ch ,
'mgi‘i]d 0o 7RB00IEL HENLE bl ShoRP MHiny B Y FRRed g contact with the
eﬂrtereSIunmrsturﬂa@bkﬁ the.supPoMti taBRS§Y i *l?%{i‘séchﬁnt‘ﬁ@fm@cuum room 2

room?2 in such a manner as to be i vel'y

mnmcramdnmmmeofascmwmcsemt.hewh@roulgﬁmﬁtosgnaaﬁﬁ 6>ff obhﬁ‘aot with the
lv)})port table 12. The cooling device is to cool
&écﬁutf faceqoft thel |ipp2risabe fl2ui dThe uwioliag d@ties is [@@@5!] the support

t\éﬁfﬁﬂé gt ﬁ@'tde SHEN dSouiBhg devi ca. 15 out of cont §ct
19983, "5 WREP e hEPISE s PORreasoliF \oh BSat Bt Warkpiece 10, the
dﬂ)@%lngedembﬂ@uguhtt of ré‘bﬂ &%Ftﬁéﬁ‘he"‘%&ﬁh&rg%b%‘gﬁ@lgb@rggg when the

of the support tab to co

ptdveersmtmﬁyttot ! beéi%rmaﬂa@mbhubf@i e §@<§’|ﬁfqbfdéwcrea%' HBrought into
heating and rapid cooling of the support t are
C;S’@é%‘?théth [fm)i@\]veprse:étaoado&athegsm;gnnaeate M@ teastnl the table 12,

Unds Becd PR AR Ronatibal Barmanssbaciineabisating and rapid
c{’god ghﬁ tﬁgglruggﬁﬂ tEB% ??laregﬁﬁgg%ﬁ)é.ng devi ce 16 makes

en gas asma use of plasna

[9%;&]2:'“8“9#‘@@[1%@& ‘g'@§r%*éheg§tﬂ?g’ aeal¥dr 898N a hydrogen radical
generating device 16, is disposed in the upper chamber part 4b of the chamber 4.
The hydrogen radical generating device 16 makes hydrogen gas plasmatic by the
use of plasma generating means, to thereby generate hydrogen radicals. The
hydrogen radical generating device 16 includes a microwave generator 18
disposed outside the upper chamber part 4b. A waveguide 20 for transmitting
microwaves generated in the microwave generator 18 is mounted to the upper
wall of the upper chamber part 4b. The waveguide 20 has a microwave
introducing window 22 therein.  The microwave introducing window 22 is shaped
such as to face the support table 12 and overlie the entire surface of the support
table 12.  Thus, the microwaves go into the upper chamber part 4b through a
wide area covering the entire surface of the support table 12 as indicated by
arrows in FIGURE 1.

[0017] Within the upper chamber part 4b, nearby the window 22, hydrogen
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hydr ogen<radi cal generating device 16 includes a

m crowave generator 18 di sposed outside the upper

chanber part 4b. A waveguide 20 for transmtting

m crowaves generated in the mcrowave generator 18 is

mounted to the upper wall of the upper chanber part

4b. The wavegui de 20 has a m crowave 25 introducing

Wi adewppyinfeneams, dhe m i qat i hpdQw

i S shagggl guch as tgﬁfaggm?%%%g 5§oﬁggwgbﬂgmﬁzﬁaﬁdd%%osed' The
dugtrppen ges sunply duberaseppfest el rsypRes frombh dylitogen gas source
tﬂﬁs, the m crowaves go into the upper chanber part 4b

t4R BLRPPSE] Qlitaleatheavaiier rogmthéo éint iinterisuif doe upber chamber part
tﬂ; S ort .table 12 as indjcated by arrows in FI GURE

11930 TG0 ¥ ARE N AAS 1 HRUrep iy I rdFaiIedoapt asidp sienlpya controllable

t i 2 4 | yir , €.9, .
aﬁz%ﬁtggféﬁaéa@@é@%%ﬂm %Zsﬂiue_‘é?gér'a@%amﬂ?geneg?f 18 changed to
U | S ,
SRS S5 UL Al OB, DUSRRIER SORLIR mcron
liowodcing Whelingtax iterthefetynge HORRE g@gﬁg@@ﬁ Bldals 4g'l'Tyhe hydrogen

The hydrogen gas source 25°i S arran as to sup
dadieaty ere,athiea, Secitouhe mﬁirg@ehrﬁfOththoﬂ@@é@ﬁﬂOﬁpa}f@ﬁ\g through a
the

su i ed hydrogen gas is changed to plasma by
rﬁeg%/vg\ﬁé’%?ﬂtwl&!nc@é UpRES ehramiegrapdrrd b in lordergto chpture undesired

t ' kpi 10, ' .
IR 0 SObMREER U7 ) Bl oBRSiRR g moans. oo
pamitrodleni gaosdeplyt QLeARY AN R éﬂfé@e&isg%’edl% gh‘ér r chamber part 4b.
%artlcl es such as ions, It should be noted that a

harrdtno_gyncg‘assmﬂrplyhyhecﬁj’@ﬂisg@@ecﬁ@l@wpﬁyurﬁﬁ%géﬂ e fride a nitrogen
used. Nitrogen gas supph&;ng means, e.g. a nhitrogen
938 SoUpR ¢/ Pulienosed ouisida the waslpusedomnd timte thepepper chamber part

a art 4b. The nitrggen gas supply tube 27a is
g@-egbf'ie g’UQBW”rﬁ% SBBWeggggf'ﬁog{rﬁnﬁﬁ?r%é‘ﬁ tyagpply a controllable
1 ' i vacuumroom 4 into the
ﬁ@ggﬁggﬁgﬁggdréggéfwgqhg.Cﬂ$ﬂ‘@l}ﬁi4t'rogen gas source 27b
[0018] r angen captrabapPard ' e o
nit rgr])gen gas int oa%%a ﬁ“m;%%é?ug,ea["gg?éﬁ%ﬁ%%ﬂy?wen {;as source 25,
Hepaitenges @8s issuteed7boarbtite ehcudve hywpen /gsessure gauge 29 is

source 25,
prowdced on the chamber 4 for use in the control provided by the control

' Lntrodyci ng.wi nding 22 to thereby generate
| @gf“’%@ﬁ’eﬁf%’ﬁéaﬂ% e 'HPdr og‘eﬁﬁowgdpéaﬂ@teﬂr ghatt geplurality of such

apparatus 28.

[0019] A soidéring method according to one embodiment of the invention
using this soldering apparatus can be carried out in the following manner shown
by way of example. First, the upper chamber part 4b is opened, and a
pre-formed silicon wafer or printed circuit board is disposed, as the workpiece 10,
on the support table 12. A plurality of solder layers or solder balls, which are to
become solder bumps, are arranged on the workpiece 10, being spaced from each
other.  The solder is in solid-state and consists solely of tin, or includes tin and
one or more components selected from silver, lead, copper, bismuth, indium and
zinc.  The solder layers or solder balls are disposed directly on the workpiece

10.  For example, when solder balls are used, recesses 15 are formed in the
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the nitrogen gas source 27b and the vacuum punp 6. A
pressure gauge 29 is provided on the chanber 4 for
use in the control provided by the control 20
apparatus 28. [0019] A soldering nmethod according to
one enbodi nent of the invention wusing this soldering
apparatgs can be carried out in the foll ow ng manner
shpansubigcevay tind wexiaete 10Fi hy C %FPJE
part 4b is opened, gﬂg a p?gﬁﬁgpﬁ%@ E?ﬁ?@gﬁnma egu%§MderbaHs13
Bre Aispsedrindhe recessesit5 th Bposier fixanetdned v XA $56n position.
5 on é@e support table 12. A plurality of soIdeP
s or Reaéhathdhesupperi chamber tpart b ésreclssédlennd the vacuum

ar rranged on the workpi ece 10, bein aced
??o S%a{ghoepegﬁ{‘%r&’ $HacIpdbe Gfsapn;\bﬁrsémod-f@t I@ﬁgmzm?m about 0.01 Torr
' S f_Li or includes,tin an e or
fansdimht 298 B (Qupldd iy plaSurs TR Pudliber Bgpet vacuum.  Next,
' th, gh&di i der | r r solder .. .
DITOgen: gt ity 3 e, SRamBRL Y, WL atr3G pIERSFE within the
Foam baradnblee pmalsefrom ad et ObRITHE t@rﬁ)“ﬁe‘?ﬂgﬁﬁgﬁﬁﬁﬁﬁﬂcéﬁout 13.3 Pa to

re formed in the 5 upper surface o
AUt LB, far eMaBURE. 3, and the sol der balls 13 are
@iﬁq sed Wﬂ the recesses 15 to thereby fix the sol der
Qe i h?ofbsfﬁ?i Bressujeoraheachambehat bademaspkis pressure, the

n pa is, clos and, the vacuum pu 6is
AEP A RohedldctChEAE e, Bobictione 1 B 14 R tdhipmstise of, 6.0, about

I € 1 P to reduce the
%?EgguSQQ%%F?ﬁ@”ghgﬁ@eweih?EHQ egﬁﬁﬁﬁhhﬁé¥¥$e#ﬁwgrQﬁ%ﬁempera“”e
igamairdaf i adthi " t .
bl e bttt e BorBYETe pEnerator 18 is

opgéated totgenerate bydfogemrabivats I3t Bramper abouthd38n3ration of the
Pﬁi for exapple. [0021] VWen the pressure in the
hEegRN radigasotesontin uedyfass ehput onRe(1) Ioiriat wheteby $he hydrogen

RS TBUYES PR v B, i uaso it Te vibe csolger, at the
tombetatafe HWerSt%'aﬂi%e rﬁ‘é‘mgpgjto?nﬁ enperature is

mai ntai ned. In this tenp urée condition, the

[8922]owav eAfendat] ofie BBetationoBLlt Bk '
hydrogen radicals in ?he chanber 4. Tﬂggge éﬁ%ﬁﬁgn1%§sstoppedto

théfeby hptarogentheagineahtion of dydrogeredadionls, aoutheongc i pump 6 s
oH‘ePal{teS’toWrnee u%gythtehgregss/g{eo?ne?he chamber 4 to about 0.01 Torr (i.e. about
1.33 Pa).  Thereafter, nitrogen gas is supplied from the nitrogen gas source 27a
into the chamber 4, whereby the pressure within the chamber 4 is returned to a
pressure of from about 0.1 Torr to about 1 Torr (i.e. from about 13.3 Pa to about
133.3 Pa).  Then, the amount of power supplied to the heater 14 is increased to
raise the temperature of the workpiece 10 above the melting point of the soldef,
whereby the solder on the workpiece melts.  Thereafter, the power to the heater
14 is stopped, and the cooling device is brought into contact with the support
table 12 to cool the workpiece 10.  The cooling is also carried out rapidly so that
the workpiece 10 is cooled to room temperature in, for example, one (1) minute.
It should be noted that, simultaneously with the beginning of the cooling, the

amount of nitrogen supplied is adjusted to bring the pressure to atmospheric
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15 radical s reduce and renove oxide filnms associ ated
wWth the solder, at the tenperature |ower than the
melting point. [0022] After that, the operation of the
m crowave generator 18 is stopped to thereby
interrupt the generation of hydrogen radicals, and the
vacuum punp 6 is operated to reduce the pressure in

tphesaranbeThd doftrabeutin - \/%%umréurﬁhppl th%bﬂwrgﬁ]%pﬁ%g’sssource 25 and

Pa). Thereafter, nitrogen gas
tihe milgegerygas sourae 225 ds donkht iR 6HRBLEpHar g‘f‘ﬁ’%e%bi}ﬁ response to a

the pressure within the chanber 4 is returne
ﬁf%%%lﬁ?élgﬁalf&uwha@oﬁmm bhd plessure gaageut9 Rromdiéd (1t chamber 4,

Lmabout 13.3 Pa to about 133.3 Pa).
t of %89@1‘59501';9 Y é%mtc(ﬁlvarféemadleel gas; suthasemsidgen radical,

SR ) P LSRR S it rec

f h \ h
fh’({e}a%lgl‘ﬁg“qa%f’;ﬁftoﬂgg@% %%%e tgmro:gg?}d&%%@sit ég)ret Stpplied over to
HreougKpiboé @ 0GATE B6kd bk orUBA HARRL Yowb ARl e ERiting point of the

cool the workpiece 10. The cooling 1s SO Cca

salpied! gxide filmat cart he naordyRidebsfotd the s‘%ﬂ’@ére%etlt% IrOPmther since the

tenperature in, for exanple, one (1) mnute,

LIRS kﬂéelfftﬁ abd taeated sftenithamaddes Fijmsidrs rtelnmved in a non-oxidizing
cooling, the 30 amount of nitrogen

h
5@%%%’11 V&'“&fﬂ'ﬁ@@%‘a %S Wfordglcﬁﬁemm dBeueheanaler 4 it never happens
t f th
@tﬁﬁﬁgﬁ{dh@g%”ygyégii@igd %%9@6%@%“%2 Kigh dharvold is formed
igathesooldee 2 Haves h@?ﬁ@n?%éthﬁ]ecﬁﬂh e%pprom tdﬁfe%?élﬁé‘tnggered by

response tO a pres re signa
thecrssoval g og il e2f sxv.cdes@chmmd@fmhgmta% Heen {é?@@»?éd before.

se highly reductive free-radical gas, such
[ﬁﬁgzﬁgen PedPBagxanples soltsdl balts ¢exribttmgt laemmlrh@lpextret of 183 °C)
Q/ 3 XI df @ﬁn pbe reduced wi thout need for .
*ﬂ?s ”r’@ %bP #aPBIcsons icaRaisting afyelt Jyei $maindal® % of Pb, and
d
o400 BTGRP Rl REILTE Bal ST AR Bhter of ano
rﬁ@'r@'@s’ inoWdidg 46 bt can P 9, (??gégdan%eb eA) E?I? %Weggleg@enmented

melts. Furthér, since the

Tafet solddre bals deersl trmted, ewm”@Vﬂ@eLﬂéd@cmogaQthé#hé' 8@pplied for 60
lo atnosphere with nitrogen gas introduced into
SERARBEringtemperaéiier Chagd)lbens oft maemt tem pgrcatogens5@asC; 00 °C, and

1t50ap(9,e\9h|ch ttenwepqu utrgsn are aﬂﬁower Yheann tlhfe %e\llt?r%gdplofntfocf) thedsolder and,
thereafter, the solder balls were heated to 225 °C, which is higher than the
melting point of the solder.  The resulting solder bumps were investigated with
scanning electron microscopy and by X-ray transmission, and it was found that no
voids were formed in any of the solder balls experimented. As for the shear
strength of the thus produced bumps, that of the solder consisting of 63 % of Sn
and 37 % of Sb was in a range of from 3.2 N to 4.8 N, and that of the solder
including 96 % of Sn, 3.0 % of Ag and 0.5 % of Cu was in a range of from 3 N to
5.5 N, both of which provided satisfactory bonding strength.

[0025] In the above-described embodiment, the fixation of solder to a

workpiece is done by placing solder in recesses formed in the workpiece, but
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in the solder, it never happens that the bunps are
bl own of f, being triggered by the renoval of oxide
films since such oxide filns have been renoved before.

[0024] As an exanple, solder balls (exhibiting a
melting point of 183 C) 15 having a dianeter of 400
m crons consisting of 63 % of Sn and 37 % of Pb, and

solctbermbsﬂﬂesfl((@d(myb!hte' GQe dfEhLL . PR dvé’fleééﬂg/%q residual, e.g. a

havi ng a di anet er “of mcrons inclu
ix @, @itmsofe dgwat rﬁa@r%oﬂﬁtn@en\t\@s‘ &l RRE bk %@@éme acid.

The solder balls were treated, with a free-radical gas
Qrﬁj supplni B abava&dessretmmembod|merrnemtjar¢>u oPS are formed on a
|t|ong of roomtenperature, 50 C, 100 C, an
W@é RieChnPih It BRYhaetiaagedria tiel fallowsng thamare By the use of the

B R4, Zoadiind 3h s 265 V%deﬁﬁé&a}céﬁmwt solder bumps
| f ot Th

LT 1600t By UM et soars

mmm@pbnaaﬁiot%r&r@dh tv& EF‘rBrséhﬂgbq L it gggﬁ%aﬁgggrought into

that no voids were formed I n an he SO

expect meith eithe Asud dormbe sdiger Rimss.r engttbr ahat hf:hé héﬁ%mber 4 is
rodu g bunps, that of the sol der consisting of
Yaoyate @ offespadias! gas asr generadéd fatoant%nﬂaematwe above the

Begiy gBM s $4e0cios eldsinis Melta0 angethon. focomd: whersby two

40 S0, OV 00 Yl SRR, 10
é&@eﬁlhg@trbmsOfnosfﬂJﬁ&r a&t?es’i‘\{%?soug\é’d kp'/ﬁ?&nbﬁﬁgl‘fleﬁ R¥y be arranged

pl aci ng sol der in recesse r med e wor ce,

tbat, affersthlederessmye bt xieshbyr 4 he réé@cé&f t@af\}d@&u‘ﬁ’f the free-radical
adhesi ve | eaving no residual, e.g. | ux or adhesive

&S Wug@tﬁleﬁﬁpdr atcentemparetitrei lselach‘rmlmeitmgrmant ofahiedsolder, and,
002 kr t he .above- ﬂ acrl bed enbodi ment, sol der bunps
BPEH R e B0ET ISWBe Bflece, but it may be arranged in

B977La aclisth B RRowE abi8fatBBolis bSsiblpoa fiheIToon wafers or
;ﬁﬂité@rcn*@luﬂpﬁoa%ﬁ‘é’ wieH @S@S?[bu@ﬂdﬁcgfrﬂ%% férﬁe??gggbsyatohﬁd 55148Rng method

wafer or a printed circ

aanotdieg tsuthembnmadesrcrmedmmnwﬁwwtfeﬁb“;irobRde afrﬂe silicon wafers
brou ht into contact with the thus forned sol de
OhuRfpEed gitatit bpakds aieeplacadbiar the chamber 4 with correspondmg solder

bumps contacted.  Then, the pressure in the chamber 4 is reduced to a vacuum,
and a free-radical gas is generated at a temperature above the melting point of
the solder.  Then, the solder contacting with each other melts.  The solder is
then cooled for soldering.  Alternatively, it may be arranged that, after the
pressure of the chamber 4 is reduced to a vacuum, the free-radical gas is
generated at a temperature below the melting point of the solder, and, thereafter,
the solder is melted.

[0028] Furthermore, the following arrangement is also possible. A silicon
wafer or printed circuit board with solder bumps formed on electrode pads thereon
by the soldering method according to the above-described embodiment, and a

silicon wafer or printed circuit board with solder plating layers formed on
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evacuated. After a free-radical gas is generated at a
tenperature above the 1o nelting point of the solder,

the solder is nelted and, then, cool ed, whereby two

silicon wafers or two printed circuit boards are

sol dered together. In this soldering process, no flux
okégdhesive is used. Alternatively, it may be arranged

BHALTOdgF tRadst hy phessurderiog ntethotambesrding sto etlécedove-described
to,a vacu -radical gas is generated at a

Eng the fre .
ERYROGIBE R calSePéoparad. mel R4 rigligrn rwaters tare psiatetbrgircuit boards are
er er,,the solder is nelted. [0027]. ,
ﬁ{égc‘?,d ﬁe{h{émcﬁg&ht”ﬁ@ %rWﬁhg@h%nQO'ﬂéf pY5EPY| B%Otr@\m] into contact with
64 d 0 jted.¢ih.rcy t. boar i {.h sol der -
o S ets ol TPl Her g ntarbatne TPeSSiire within the

elcaabdi ng i eed ise AROVEEBEGH bah %”’?r%%i-fjée({:i‘éalag?? is generated at a

provided. The silicon wafers' or printe Irc _
teomparatiteealpd ec e imelting pohabethe swiddt, Gardr B5PRBAINGING solder is

sol der 20 bunps contacted, Then, the pressure in the
eaisnseto meils r ébeimeldet solden Ecovolpd fandokddrirae- r adierahtively, it may

' t t t b th [ ti
30 2raNgBa (iRE lor dep Praqiane oo camerchis satuasg W o vacuum, the
TR oo Bt M MR, BRI et pont of e
e, dnde thALaReHtRe A0/ ddids GhAgRET 4 15 reduced toa

vacuum the free-radical gas i 5 generated at a

[06@ppr at urTheb&diRwitdes Blsbi fhsbNt /f sitibgnS r ‘ ircui

and, thereafter, the solder igﬂneltgd?mFggzg%ﬁﬁ or printed circuit

bard hdiaviige, eledlsodel pawd ngn amhistyesmder | Bumpso are formed by the
ossible.. Asilicon wafer or printed circuit board

Ve -dBi e dniniperinbmataod s direpaiesde pPdsts a tsélicaomwabsr or printed
he . ri d ,according to the above-described .
o ARl oB ooy b 01051 et 161 analie is prepared.
A IRl akj : r
O B orBy 20000 o U el Bl sgideg bumps on the
el betredopadsendrthbed|d e mmds Hnthe cﬁfr?eéﬁo?féﬁ’ﬁ@@ie%ﬂb%e pads being in
silicon wafers or printed circuit boards are placed
Contadle chhmbpressurd tin thee chamiser Wunpsrdaucedhto i mtwacuum, and a
ontact with K associ ated ones of the solder platin

gy EacalThan is (JRISGREds at & WPMAPFAtlR ADoyRatiemaiting point of the
sggﬂegfgfébgtapwe\é%%mpmgs Ank" §% ggf]cliie(r:agasqgsini Sontact with them are
melted,  After that, they are cooled to solder them together. Alternatively, it
may be arranged that, after the pressure of the chamber 4 is reduced to a vacuum,
the free-radical gas is generated at a temperature below the melting point of the
solder, and, then, the solder is melted.

[0030] The solder useable in the present invention is not limited to the
described one consisting of 63 % of Sn and 37 % of Pb, or the one including 96 %
of Sn, 3.0 % of Ag and 0.5 % of Cu, but solders having different composition, for
example, solder consisting solely of tin, and solders including tin and one or more
members selected from silver, lead, copper, bismuth, indium and zinc, can be
used.  Further, not only solder balls but also solder for solder-plating can be

used only if the solder is solid.  Further, the chamber 4 of the soldering




tenperature above the nelting point of the sol der, and
the contacting solder is caused to nelt. Then, the
sol der is cooled for soldering. Alternatively, it my
be arranged that, after the pressure of the chanber 4
Is reduced to a vacuum the free-radical gas is
%ener ted at a tenperature bel ow the nelting point of
Rearalys $endet Madhiided thbeeafanen|ettpuet Subdgh wisicel Weekpiece can be

f ol | ow [ | f i bl e. il f
%ggﬁﬂtﬂ}@% C@%Pbtfﬁvrmtf Io(gh‘tgetngﬁﬁ E@Séégagwmg\h;' wlaglgpnie;? ce;:w be sent out,
S0 L R eI PRLRF alHolRY BeuisinattEs PhlebAnaaputisoports.  With
| met . | ;
D e gellerh WorbaBedh, By baS BB b SFefi¥ sTefine

waf ers or boards are placed in the chanber 4 with the
sol der bunps on the electrode pads and the sol der
paste on the corresponding el ectrode pads being in
contact. The pressure in the chanber 4 is reduced to a
vacuum and a free-radical gas is generated at a
tenperature above the nelting point of the solder so
that the sol der punps and the sol der paste in contact
with themare 20 nelted. After that, they are cool ed
to solder themtogether. Alternatively, it nmay be
arranged that, after the pressure of the chanber 4 is
reduced to a vacuum the free-radical gas is
generated at a tenperature below the nelting point of
the solder, and, then, the solder is nelted. [0030]
The sol der useable in the present invention is not
limted to the 25 described one consisting of 63 % of
Sn and 37 % of Pb, or the one including 96 % of Sn,
3.0 %of Ag and 0,5 % of Cu, but sol ders having

di fferent conposition, for exanple, solder consisting
solely of tin, and solders including tin and one or

. nmore nenbers selected fromsilver, |ead, copper

bi srut h, indiumand zinc, can be wused, Further, not
only solder balls but also solder for solder-plating
can be 30 used only if the solder is solid. Further,
the chanber 4 of the soldering 9 apparatus can be
nodi fied to have an inlet port through which a

wor kpi ece can be sent into the chanber 4, an outl et
port through which a workpiece can be sent out,
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and a sem -vacuum portion di sposed between the inlet
and outlet ports. Wth this arrangenent, workpi eces
can be processed successively. 5 10 Cains 1. A

sol dering nethod conprising the steps of: reducing the
pressure of a vacuumroomw th a workpi ece pl aced
therein to a vacuum said workpiece being 5 a silicon
wafer or a printed-circuit board and havi ng sol der
Cthiaizosed on the upper surface thereof, said sol der
being in the solid state and consisting solely of tin
or including tin and one or nore conponents sel ected

f
o1 aot hedShrind, Fted BB sine tRORsDs A R IG phfésure of
(,klgm@&érh% Cavykirk[)l%gejf!a% thetOhdsra @Q&Wnﬁlétvbd}gplece being

rogen ra d vacuumroomto renove

a@ﬂlm \f/aﬂemoora ﬁrdarhtdd&mﬂcdﬁrboaamantihmweﬁgf sader dllsppmchgn the upper
the generation of said hydrogen radicals and, naki
S@ﬂﬁ@Ceath%%théﬁ@ wderab@nnaaadh%spbwaférarwxwmsﬁm ch% of tin or

the te I I
neEleBd Jirt PR SR 2 Thlf e ionBBhG: BRI BA" shrste oag cover
bfshﬁﬁﬁbi)gd,uwaﬁ@%ﬁ; said solder to nelt. 2. The
dering nethod according to Claim1, wherein said
sol deplalcmgf saiddvactuams edoan \adarakmrrqmsatuméoweb(tha@ thei mglting point
done by form ng a recess in sai géYcS) pi e and

obaid fﬁéd%raﬁ%d genaetingrnglpgen 186524 Vagaim room to remove

r ing to Cdaim1, wherein said
aig)%g@ fllﬂrgor?gégjdsdo ?%r %glgd wor kpi ece, the fixing being
done fheréfeiseomin@tid yEnsratiofitgsiake hy@eaehiraiizgls and making
al cohol or organic acid as a najor conponent thereof.
thelatmosphere in said vacuum room non-oxidizing, and raising the temperature
of said solder to a temperature above the melting point of said solder to thereby

cause said solder to melt.

2. The soldering method according to Claim 1, wherein said solder is fixed
to said workpiece, the fixing being done by forming a recess in said workpiece

and placing said solder in said recess.

3. The soldering method according to Claim 1, wherein said solder is fixed
to said workpiece, the fixing being done by the use of a flux or adhesive

comprising alcohol or organic acid as a major component thereof.
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