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SPECI FI CATI ON *159159* SOLDERI NG METHOD 5 Technica
Field *@&0002* [0001] This invention relates to a
sol dering net hod. Background [0002] Sol der bunps,

whi ch may be hem spherical |unps of solder, are
sonetinmes soldered onto circuitry on a silicon wafer,
a silicon chip or a printed 1o circuit board in order

Lo another - an exampi e ot 5 Teocat soi deri no_sucHINNIMINN

sol der bunps is disclosed in a patent docunent 1. *159159*

[ 0003] Patent docunent 1: JP 2001-58259 A [0004] The  _ ..

nggn}gre igongiLS ¥PL§ forEsoId!??ﬂ??naglgfgﬁngh?omwy""lil
JIHN

this technique, a substrate board for which sol der

Tbéh@ﬁgykﬂﬁg is disposed within a vacuumroom Bunps of ;000

di sposed at predeterm ned | ocations on the

poend.  Theniph | Y room.is reduced to
[a vgcuum A?ter Hg)gitr'erl'amtk?ff% as%ﬁg?%%@eg}]?&ee-radi cal
Baakgrounidhe form of hydrogen radicals to the vacuum
room the tenperature within 20 the vacuumroomis

[0802]ed t oSoldernelmpag wikohemaube Bém '

mel & the solder, and, thereafter, tﬁe%ggﬁgfnqpo m ioé solder, are

sesliares solderedionto mirpudtge on adiiedrs watee @whiddredhip or a printed

Wwhi . .solder is in a nolten state. [0005] It has

C%Q@L%Péﬂﬁw 9F1‘gqr Rm@ﬁ"%ﬁed%lﬁpﬁgcalgoaaeem@u obatclusinegitry to another.
| chj ' not ,.go qut fromthe, ,

A S8 8 dHFtngB 4L QoM onESol38T b awsclosed in a patent

dotdrhente], or when a void goes out fromthe sol der bunps

t he bunps may blow up. Such inflation is considered to

[003§ auseP dtent dectwadnoden groMapPEsh Ai n the nol ten
er. The blowing up is caused by renoval of oxide

IOqu%:4 f r o€ teehnigle eshaven derthisy doceniendrcgerlirddaeatise need for
ugmigcﬁu?rf%rcgé]%gﬂHg.UQXcéc’ourgmgi ?g t%\i/ser}echnique, a substrate board for
which soldering is provided is disposed within a vacuum room, Bumps of soider
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 room. 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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after the solder is heated to a tenperature above its
melting point to change to a 30 |liquid phase and by
the going out of the voids fromthe solder in the
liquid phase, 1 the latter occurring sinultaneously
with the renoval of oxide filnms. [0006] An object of
the present invention is to provide a sol dering nethod

tbaéaﬂtemgcd:urguhgcsimlulltfa)*ie@9&!2%%}5‘9% %ﬁ%%oa% 9?_ rﬂ{ﬂﬁe

| NVENTI ON 5 Subj ect of e Invention

[8808€kr i ngAneobiedt af dbe diregehbirven tiBhegenst prgwgﬁtd %Bldermg method
ressure in a vacuum room in which a wor ple

e\MaSHnE highagataseldesnger is di sposed t herein,
reduced to a vacu free-radical gas |s

generated in thewgmagn@ﬂm’i&l IMMEtNTl%IN oxi de

SublidBt M&heliRGe 5Pl fer s removed. After to that, the
‘g@ﬁerarrun—ni—iierfree radical gas is |nterrupted to

0eky the @i p ya n- oxi di z ,

[and t he tenpr{g?ategtogrgfg t ée}ﬁgol géwdﬁ‘ 319 gbe pJSB% ﬁ\éentlon, the
pl‘@smlrelgnpal\mCmemtrb@rrﬁoﬂnd%icrp%u%'ﬁﬁpuﬁt?@ \ﬁi"?ﬁrﬂ%rssil flate solder is

pelt within the non-oxidizing atnosphere
dieppsedibeeain sisl redyced toiavacuumay T e L@ﬁeetﬂafdu?d?%na%”i% generated

nore sel ected fromsilver, |ead, copper, bisnmut
in hkﬁ UATUHA roPRL. Withs wivieh ﬁﬂe@cldadilmaovejaMenmAdbms removed. After
d I but oth
RO G i f e Ee Rre a0 &’é&%asp%ao&rr&eé?é'rﬁéé’mm@tmosphere
but
NG wRRuT, orh M7 BXRRTIhG” 4B 1125 Fomphtatefe Bhafle Solder is raised

abovaldhe mettmpxidist fof! fHeo h deke C
renoved by exgg)(?y ng th@es\ggrgr tecgugm rZ@er?d(]dgre to qelt within the

n%@ékdﬂ:lnglatmmhev&n Mwwsbld@rtr@am%bﬁhlét %ofé‘lytdfetm or may include
solger is raised to a tenperature above the ng
tin &G Ong C&rMekenbeleated ff@rroxllvm fleadn coppen, bhmﬂhpmhdﬁum and zinc.

di cal t d,. bl f th
T@%Ifg%r r%‘!ﬂﬁgl RES DAY D% duslrags ffﬁ@'@ﬁlé?&u&#ﬁ%@ bedrother various
fré@ﬂﬁéﬁ%gl ﬁgg%aggn bFur qurrmre even when the solder is

ree- radl gas is trapped in the sol der

[O?ngg g heSoidaptendaf té Mavkr 8¢ ol ¢ith 97 NESPARR, AR 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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[0009] Fixing the solder to the workpi ece can be done,
by the use of a flux or an adhesive which | eaves no
resi due, e.g. one whose nmin constituent is alcoho

or organic acid. Alternatively, a recess may be forned
in a substrate board, within which the solder is

di sposed to thereby fix the solder without using a 30

flux or adhesi VBRIEF BRISER PHS | W NGS
[b89lo] FIGURE 1 schenati call y%h?&%%égﬁy@ used

Phe softiebiRiy 1 sehematicalboshows 4m appaeaaedis@ntin Ghe soldering

t%ﬁlﬁresen. i nvention. FIGURE 2 schematically shows
MCH HRFCOEHHEr A 1t BMmbRdimerisefuthe presest tntventippar at us

shown in g n en the soldering nethod is

carried E'u ; Iéﬁ%&g@%ﬁggﬁy SEPYWS AW \jRe e mpesaione egid pressure in
inilSeahi kpj in th

T T i FARUAE T, bhande WifsbElECRoldkping! mathod is carried

o@UT THE | NVENTI ON 10 [0011] As shown in FIGURE 1, a

sol dering apparatus used in the soldering nethod

accor di ndF G RB Eivagiorspéctfe Vipe §ﬁ@\ﬁﬁ1@thé\ﬁ\éﬁ§5id%'ﬁ ball is fixed to
i ncludes a vacuum room 2. The vacuumroom 2 has a

ackenkpigcesin Her appalatlseshawn ¢ Fi@UREIés a | ower
Comer -tk S AT BEEO R B RAR e Bl Tt EnAB/ENTION

i T hanb t 4b is 15 joi ned
PO e B BEFHBERE 5oiTiefiia apparas sdiin fhe soldering
metho MR coRIiAG tboar‘P%mtﬂHiIt?uehg_o?#ﬁéﬁr%ggptugﬁgﬁtiﬁﬁggb%es a vacuum

in the | ower chanber par

ragmanber Tier vacHemandmitld REe AERaRG8H 4§bl'|6|“ etx'aﬁ@%,m@ﬁ‘ch includes a

t he upper chanber part 4b is over the | ower

lowart chiambempaitrdaandran oppeothambarrpart far t SThOESWERchamber part
4hermeti cgl .%gxhau ting neans, e.g. a vacuumpunp 6, is
2d8pPRusPePed ankhastarepeningheni toper Ehenteperpahamber part 4b is

R P Ot R BB i ot oo a0 s to bo
a}bl?ﬂgf bgis?%hg Hgélertngﬁgﬂi"f‘@ui%"meowgr cHAFbEP AR UBY™PrRe 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 parf 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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control | abl e exhausting speed. [0012] Wthin the
vacuumroom 2, in the | ower chanber part 4a, for
exanpl e, 25 heating neans, e.g. a heating device 8,
i s disposed. The heating device 8 has a pl anar
support table 12. A workpiece, e.g, a silicon wafer or
a printed circuit board 10 on which a solder bunp is
C#e(ymﬁemayitsesel@d).orted on a surface of the support
hﬁq%e 12. The support table 12 is forned of a nateri al
[R&I3hg sné heateiepower sapabj (yot shoWnpFoEahanhsadr 14 is disposed
0@ .aor} An electric heater 14 is enbedded 30 in the

% §rievastum poom 2, andcleads toHbediasater ¢ drealedrouitdof the vacuum

i ;fr ti 3 device may be ed. [0013] A
r e@lg'rwﬁﬂggﬁﬁgﬁﬁ%ﬂ& E‘ﬂHFet\éléhﬁﬁm?te‘\r/af tftmuzaﬁ@a%enoon}m @and connected

teltisPAREELs | he vacuumroom 2, and |eads to the
heater 14 %ﬁ%@%ﬁt of the vacuum room 2, while

L 0 o SO0 (it AhBul), WA EEHBT S8R Fo BRtact with the

connected 5 to the heater po

eptits lawerduwiface 6hite sippun tab’l@ﬂ@h;%?@e&gpel\ﬁffﬁﬂ t%%o\ﬁcuum room 2

.contact with the entire |ower su the 'sup

Nt §HFB amMannerdas dostel seiadiivelyt beowgttuinto T8t dfftontact with the
mann as to be selectively brought into and

h
Ioﬁfﬁcrl %Lﬁ'f%‘iﬁw{’g@?e ﬁ)r'?[PPﬁt fable| bier E}ﬁt&@lé}@?ﬁvm isLtIOpt:;Cidl the support
P : evice IS O COoo e Su or
tattbgpt@b\&éh{@@i %Lﬁcﬁégi%@?e%uch as water. [0015] \F/)\gen t he
14w ' I : t._th Kpi 0,
A ool e dRe MRARE1S i Syt oBRlze e Mot ahe dppsbplece 10, the
caclbige deRicewhenatsnf ydAct Wth ﬂ?éN%fuipﬁHﬁpla}blé%h%hereas, when the

p&?grt er 1i4 {s”i] nzherzel;tpﬁ ed, the cooling device T's
U§HPPIYNt the oved 4iis hintdreuptedeth s wok [ '
@ﬂ grt thIe 12 to cool the tg%le 12. 1gﬁg?n%%“%ﬁgSknotht”“0
¢ Etg Pith Pe'oﬂffh%%rf%ffﬁaqu thﬁe{SgﬂDOUatﬂiﬂ'tet%'thlroam?gl the table 12,
: g ool in e support table are
S'@ggsﬁh& 8%?%?%})%!:92@?%&?‘@3( theidal hapasityngapigaheating and rapid
covling & theds RN b 03l Lati ng device 16, is

disgosed in thetﬁ%%%?Qc'g er'@gft 4b of the chanber
[0916] The hy Bresgeadicaldi g @@r@%ﬁhbn%ﬁéﬂ’é,c%.&ﬁ émlfﬁarogen radical

hydr ogen gas plasmatic by the

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 g 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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20 use of plasnma generating neans, to thereby generate
hydr ogen radi cals. The hydrogen radical generating
device 16 includes a m crowave generator 18 di sposed
out si de the upper chanber part 4b. A wavegui de 20 for
transmtting mcrowaves generated in the mcrowave
generator 18 is nounted to the upper wall of the

gﬁﬁOQUPPmﬂ@eﬂe@M,te@-aTm.r@@égfvgizﬁfd?Héglgrﬁfoe?@é is disposed. The

m crowave 25 introducing ‘w nd

AP @eR\gasi wnMﬂdubmﬂv\MpmmZ@dr@PiéE hdfroﬁPémﬁobé’n gas source

éﬂﬁe t he S%Fpprt tabl e 12 and over e entir
1SR0&edioutRdlestigpeaauum avor 220 tTéusterioneftherupwateshamber part
4P iq-th Bhﬁ upper chanberé;sar,t 4b through a w de area

Cover'i g APYEN PAR SAWERcE &§ arrengashsor asttabbepy ascontrollable

d%@a%ﬁﬁﬁﬁﬁpf%’ﬁé’%iﬂ*ﬁ?ﬁéﬁfﬁﬂ%s%a&%&@gr%}'}ig%@é%echanged to
T LT Eas iy uleef ECHEERROBRL 3 Baton RE microwave

isluppuding Windiege? sasthbrey Qeﬁ&fﬁtggﬁﬂrt@ﬁgnf@@i@ﬁ%rZg}'he hydrogen

di sposed outside the vacuum room 2 t©0

redicalsppes, iieantied tpdhe entive atba oTyIHeORBFkHaSe SOUT f s?rfg through a
n 0

ed so . as to supply a controllabl’'e 5 ano

[ rr.an _
”Iﬁgﬁi ﬂ’tsB%Pﬁ@ VléS'HHﬁbt@s Ulppherh@hammﬂ pert dtydn mgder g@gaip%re undesired
-t t t
AR Dabfcie] SRIE A% idme IS EBaGice bel Mot plurality of such
i i d di | s. h
PRSI shi Bl \FDES L 49EP BB Rel ! B RS Bubandag means, e.g.

aofitrmoige nvwpas gy fibe RPRSS|sn h ;
di spose\émvm t hlpﬁg,t he upper Scﬁlasﬁ)bgi?#gg?? 'ﬂgﬁlgng@)re_cfe?h?rgber part 4b.

Thaptitrogenrghsssupply tabe R¥agisdused to cglungsHmrngﬁ, %9§‘5from a nitrogen
| t shoula Be,noted that a plurality of 'such™ hydrogen

982 S04 fHEy D rdisRasethoulsidethaiyeeuumiroongérintathe upper chamber part

4.5-_3pﬁ@%qﬁ@ﬁ%@z%aﬁeﬁ%?@aagbte{; ﬁ%ﬁ%gﬁ isfgfagl %@Tsuu%%lmgaa’controllable
e YRS o B Bl ber ks " Sour ce " 27b. di sposed

CHe, L corRoL s 28,6l AOREN ARAIMGqdR s source 25
theonitiagsiny gas souree27hbired theryantumf poinbr @gem @PresddteOgauge 29 is
prtor\]/?deccr'aorﬁbet%ed'bhamber 4 for use in the control provided by the control
apparatus 28.

[0019] A soidering 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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[0018] A control apparatus 28 is used to control the
hydr ogen gas source 25, the nitrogen gas source 27b
and the vacuum punp 6. A pressure gauge 29 is

provi ded on the chanber 4 for use in the contro
provi ded by the control 20 apparatus 28. [0019] A
sol dering nmethod according to one enbodi nent of the

uippeesurfaoe aisthegvdrkchléoi(}?%"si KL\ RRE H?%Ecggaag);hgfsolder balls 13

carried out in the owi ng manner shown

385 signosedrinride, reckssesppbito thereby ivaid sdilBet BaRBARER position
@@ﬂ}a .prg-forned silicon wafer or printed circuit '
[¥02810 i s Bftspdbei, thes upper whakyticrcpartosh 2 elsede and the vacuum

r bl . Aplurality of solder |ayers or
Pééﬁ%@r'%béﬁ@?eq}i@ cf’rYagHgtet B{foéagmhzréomeio(;'\%msisplearaﬁout 0.01 Torr
i r%tgﬁ I e el.n Space rom eac
('g'{'her. %ggsﬁ@é’%f@e?Eﬁ%Fﬁﬁ%Pdﬂghﬁ%@a&i}%i%t@a vacuum. Next,

hpdiogley ghst isn,suﬁPlié&‘Ct'o“ﬂ?esq iaﬂwt?e'?déag??gg@,pgﬁé “oressure within the

conponents selected fromsilver, |

charshat #, becudiesTrandabaitre 1 Tone e abOEY 11 TRYE(i%. Som Uttt 13.3 Pa to

alli&are di sposed directly on the workpie
apept Bikhapf @), fomexampleder balls are used, recesses 15
5 upper surface of the workpiece

[@r&ﬁ];grsh \Rjﬁ'r‘]i{mggp@mrs,maﬂte toha@nsidrddr bbedmes 1fhis asressure, the
"EHEP Blleldifed ST Toodmrkniater TOMtara tomporainee of, 6.9, about
e RemBR 1S 160e! ol PREalERE opk 5 §plBkad dns temperature
isatmaintahelll. ToR rths (tém%era}ﬁ%”co%d?t?’ofa?hef\@i[%foqﬁi%ﬁ%ator 18 is

pressure in the chanber to a vacuum

ORfigtadstas gppetatel hydragen chiledierin 4he Bhambedrhe PITIHESHE feration of the
(0]

chanber, 4 becomes from about 0.1 Torr

ithin the
hyﬁ&%?” fagteals (§ cantinvednfabahout e P tunutbovtiertBy. Be hydrogen
Ja f anple. [0021] When the pressure in the
ragﬁ)gé%egdﬁ%éegﬁﬁeée%ﬂyg %}“Q@sg'l‘@? apgociatechamitler thes sodder, at the
' i 10 t t t
tompRraNEEdole M i RMHABARES {'ower than The el ting
[0p22]t of Aftee taal, dRe. opigtibhiof tﬁ@%%m%‘%eﬁgebgréator 18 is stopped to

mai ntained. In this tenperature con
thekedyolRdeisuplethe generatidni of hydreyshaddicalgessd € vacuum pump 6 is

op%gtre%gfsonrédaudcgecﬂ%es pirc-Jnssturr]ee ir(|:Qﬁgbcehran?BerTEetog:Qc?Jtaa.IOC‘)lnTgrr (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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hydrogen radicals is continued for, about one (1)

m nute, whereby the hydrogen 15 radicals reduce and

renove oxide filns associated with the solder, at the
tenperature |lower than the nmelting point. [0022] After

that, the operation of the m crowave generator 18 is

stopped to thereby interrupt the generation of
fgaswgen Thei caltrol @nget ' er at ed

o reduce the pressure i%%??ﬁﬁpggwqgﬁﬁé%iﬁ ggsoyource 25 and
themitrpger gaspaurce@7h. i33d e by Therceatiotrap %irétrug%'ir??ésponse to a
i.s suppl.ied fromthe nitrogen gas source g?a into the
péﬁ%%%rs'gﬂalvﬁ&pg']@ﬁ frore theawessrevdaugen26 eovidedtiarthd chamber 4.

ke , of f bout 0.1 Torr t
[gg%j N :Jr ?E?pgﬁe_ag]ﬁ{lﬁﬁagﬁb\& frgrg?rg]d?!};a??gﬁsaw@hogsrmagﬁogen radical,
. li.ed he h
PRI et I8 RECHBHafeas” The so Bl i canobetieduced without need
fovoukipigetiax 10 RieNemde, WBidd Pk &&'ggégregﬁ tréaﬁgﬁﬁllagg;s{@?pﬁied over to

whereby the sol der on t he wor kp
thenwoplomiece t1d trhe doaditin oftferaSeratitenBiler aRdn tHE melting point of the

cool i ng, devi ce is brought into contact w

seldspopxidet tlmse car heoremoved heforver thei s6idet Gnelfdie Further, since the
Li.n i.? | sg carried out rapidly so that the ’
S&@%Rﬂ? gE%' 4% and capledcftes theomsiderfimsaate eemoved on a non-oxidizing
J). mnute. . It should be noted that,
a@%ﬁﬁe@ﬁ&l é)h\?ﬂgh Q%Pe'fﬁégémdng'tefm%éham@pmg, ittmaver happens
th3Q thETHyr NN hed is adjusted to brjng .
thempr essagéén {gg%z;?%gé;bdﬁe!r ﬁc{h%Gmﬁtggs%&agr'Th V&hifr@void is formed

inothe beldeac it ume veunipa phe ns e ab YHIS Ctg@n%eﬁgie ?ﬂb‘\ﬁ/ﬁeof ?%?lrr\(a triggered by

the nitrogen gas source 27b is e con
thepieananal 9T 2eidenfitres simesesitah @xiderfﬁmurﬁawesbéélmremor\]/ed before.
t he

(0088 er S FoBnamblsccsaléer Bl pxhimliog iaanelting point of 183 °C)
R4 BBl P TS oL AR S Somecea ot Pb, and
sﬂ?ﬁﬂéﬁlg‘é"(%ﬁf@?‘i&ig@ﬁﬁ?g !ftc_aq ?%iﬂgogw iﬁgrb%‘@hg{”@eameter of 400
M orpnadLi b0 % oM L% B ACBRETS W i Blperimontes
Tf}%rﬁS\W}Q{ befler werddraatedewitteld Sred=vadibar a8 Bemd réfilnglied for 60
sefcghggg@' ?ﬁmnﬁgf?gﬂ[eg%%@ﬁgfql{édggfrggkogggm%:;&%yéﬂrﬁcggm °C, and
159P8C | thﬁpféql’?ﬁjerja%r%stal?s a?lhl%w%?rthgh thé n?(?l}/i% pho?rﬁ)tpgfntshe solder, 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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that the hydrogen gas is trapped in the nolten sol der.
Even if a void is formed in the solder, it never

happens that the bunps are bl own off, being triggered

by the renoval of oxide filnms since such oxide filns

have been renoved before. [0024] As an exanple, solder
b?als (exhibiting a nelting point of 183 C) 15 having
s0lderametyebe dfxediOby nhe ryzes s fo ! O, n._ .

nd 37 9% of Pb. and s%{édgfgggtff?rE@P%i%‘&?.’%ﬁ”gé ndresidual, e.g. a

fi e aghesiveof sthicRmaidr bavstitgent i @I&@h@lo%gfé)ﬁc acid,

@h(z‘ ns incIHdi ng 96 %of Sn, 3.0 %of Ag and 0.5 % of

[ re expdhe ralivediescribedsembedirbent, solderebumest 8% formed on a
d

1 4R 8.frnee-radi cal gas bejng supplied for 60 seconds
V‘:Mnr‘kp'ee erbZ'?d[én%yoﬁﬁi rangewnin thefotlewing sanner. 50BEC the use of the
' ' t eratures are all | ower
sPhtering B debotingt T e | 4B desCribadd embodiment. solder bumps
aréefoemielde ld alls : e d to 225, C, C
E\¢hi chis hpgﬁlﬁt?ﬂgn%tﬁﬁg J"luhns Wﬁéﬁgo\@%ﬁ%fo?r taheoré'ﬁPGeP'.fCU't board,
detrodesulan ragositdrdellicoH MAaf&CLE | t dp 4 14 :
scanni ng el ectron m croscopy gﬁdﬂ)@gﬁi Fg?/&ﬁ bdérd are brought into
COPtAE nviEBi e thne farmeas sbtderd buhmds. no Afuti esatvefh® chamber 4 is
of .the solder balls experinented. As for

epﬁé@%ggp §§¥5tar dregriadigalt gas s generathdc at duoemperdtasd above the
T DI PP T e R acemid mahery tu
:az:gégvaif%ﬂ:iofgﬁg %?tgﬁgmréﬁ‘i& ﬁ'%é’rdcgf ?“rﬁ?@@??gﬁﬁ%gﬁrg{. In this
gboveg?gscri bed g%ggiﬁﬁt@!v@?ﬁ?s&?j}kgt ?(I)tr?l}@%@ol}"d@ﬁ%be arranged
that, atiendhiea pressure of doeehayn berakisnes dieledeto éWa%f@Bﬁ?iﬁngee-radical

fornmed in %ezap wor kpi ece, but 7 solder may be fixe
IeheS RSRte] At & tempatatess belowalienmenting qmiintual the solder, and,

. r. .adhesi ve of which najor constituent is
thglrg%ft@i' tﬁ%%k&iﬂ?@éi@%. [0026] In the above-described
di me S S on_a,, workpi ece,
T "y e P BB o PE Fad PR B PR bt ner Webs g waters or
nistedodiréiie boardsowitard i i
pabov,e-descriob'cpad eﬁ‘gosdcji]ﬂeeﬂtspm?gl@g@ggﬁn%gedarfgypﬁpr%%d%ﬂng method
aGqosdingoldetheaaboverdassiibéd embuafimenpare ppsvigkad CTﬁ@téi(iel'(ijcon wafers

boarﬁlq. El e,&trodes on another silicon wafer or prin
Of-PHRIRY cispuit Poards e RJAced b dhe chamber 4 with corresponding 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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contact with the thus forned sol der bunps. After that,
the chanber 4 is evacuated. After a free-radical gas
is generated at a tenperature above the 1o nelting
poi nt of the solder, the solder is nelted and, then,
cool ed, whereby two silicon wafers or two printed
eii rtg&t bo;ﬁrds are sol dered together. In this
etitere npags obesthe nvolddring Ofmediess B qused. ) ,
Al ternatively, it g;ﬁ bengrar?ged % cgotr’b?n tstgr tp%eabove described

epRaditeat ofre hyephtatber The siliceduordeiso od PAREIMCITDR boards are
i's generated at a tenperature bel ow

pﬁ%cgeeq}éﬁ?:ﬂfél g}ﬁﬁferoﬂ W sihledsoldemdumps hroeghafings , contact with
STl Ines oM TbkSTaie” FralingiBVemn wdhens tbe pressure within the
chambiePd gi;/rl;‘eﬁigkggl ;?f%ééﬂﬁn%@ﬁghgerc.&gg%%ggc%ﬁ géaéjqqés generated at a
contacted. Then, the pressure in tg?e c?llarl%bwggl IAlSternatlvely, it may
be &flanaed thas, aeuthe pressdraof thechamibeald gawdused tooallc vacuum, the

rated at .a tenperature above the nelting point
fr?ﬁg%ggqajeqqs ﬁ&ﬁ“e{?ﬁ@%sél dertemparatore ploivt theeawditing point of the

r I | der, is. then cool ed for sol dering.
S%Htagr%ﬁitbgf%/aﬂbﬁt ﬁ%ag(ﬁggrésrmtﬁé’d that, after the

[GD293SUr e e tfbﬁoﬁeh?”ga‘;ralﬁoiféa @gé‘.ced%tﬁlé L aater Lor Minted circuit

bfrede-radi cal gas genera at

oaidovhavieg melectmdepgiads afn tREicRO!

t hereafter, the soIdeer i's nellted.%?}%%rzgimgﬁsrtﬁé? n{)orrén’ed by the

ke -flopering thgomeriaggmetiiad is pedparenossilice-a &ilkbohi Wafer or printed
rint ecf circuit board with sol der bunps

waf.
cu}r"@ﬁégg@ﬁ@ylg&q g@t@o@ﬁ;agdgwyﬁégvhicmygtd;e prfgsltggés iaptglied is prepared.
r 0 e ove- cri ped enpodil nent,
T@%Wg?‘gsg?@gt@% ab%np Cash Mo Hen chameer duithoter solder tbumps on the
t4 l.ectrod b o
eleeirege d@d@_éﬁtﬂtﬂ@%@gégé%{?gn gﬂ; g%{r%‘gﬁggg&@_egféggr%psgpbads being in

the sol'dering net cordrng to
cantboudi neifte, pressreepartad. chbmber! 4R ruafes
rinted circuit boards are placed in the cha

fregvadicak ogsl segenerated atoagtemperatureonbowé thiet Melting point of the
plating |ayers. Then,

oci ate nes of the sol der
SQ?@% gpg@gﬂﬁ@evﬁq@%pym@s and the solder paste in contact with them are
melted.  After that, they are cooled to solder them together.  Alternatively, it

a vac
& /acuum, and a

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



5 chanmber 4 is reduced to a vacuum and a free-radica

gas is generated at a tenperature above the nelting

poi nt of the solder, and the contacting solder is

caused to nelt. Then, the solder is cooled for

soldering. Alternatively, it may be arranged that,

afterﬂ;he pzfssure of the chanber 4 is reduced to a

YRparatys cae bef medifieaidicckévealan it

%q{gper ature bel ow the nelting g%.t h%ﬁgh %h'élhc?l yar kplece can be
inthHreeahamper ﬂhenmllthbérpartsthmhgbdvhlbﬁ)%Z@brk'B?@ce can be sent out

al so feasible. A silicon wafer or print ea ’

%74 @uP?mgﬂéﬁmeh%”W@ diseeseddestivaes the wethndodutst ports.  With
th d bed sol d
R B g EmenLER uhtecqoear B drpresheduuagessivapy.i ni ed

circuit board having el ectrode pads over which sol der
paste is applied is prepared. 15 The wafers or boards
are placed in the chanber 4 with the sol der bunps on
the electrode pads and the sol der paste on the
correspondi ng 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 solder paste in contact with them
are 20 nelted. After that, they are cooled to sol der
them together. Alternatively, it mnmay be arranged
that, after the pressure of the chanber 4 is reduced
to a vacuum the free-radical gas is generated at a
tenperature bel ow the nelting point of the solder,
and, then, the solder is nelted. [0030] The sol der
useable in the present inventionis not limted to the
25 descri bed 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 conposition,
for exanple, solder consisting solely of tin, and
solders including tin and one or nore nenbers
selected fromsilver, |ead, copper, bisnmuth, indium
and zinc, can be used. Further, not only solder balls
but al so 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 nodified to have an
inlet port through which a workpiece can be

10
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sent into the chanber 4, an outlet port through which
a wor kpi ece can be sent out, and a sem -vacuum
portion di sposed between the inlet and outlet ports.
Wth this arrangenent, workpi eces can be processed
successively. 5 10 What is clained is: 1. A soldering
nmet hod conprising the steps of: reducing the pressure
Bthad is ctaimexh isoom wi t h a wor kpi ece pl aced therein to a
vacuum said workpi ece having 5 solder thereon in the
solid state consisting solely of tin or including tin
ﬁnd oni or, more conponents selected fromsilver, |ead,
0

pper A ngﬁupg,mpﬂmqja@mpdstthe stéyy e&f teafucing the pressure of 3
SRR od oAb Ed (s vt 000 12, e having
%gﬁr‘r ttﬁfoeirgq% ‘?rﬁntariégisﬂuérsZ?@g@og{?iﬁbggggl@ixogfaigd&;\J%ﬁé@mm tin and one or
oy MpoREm s Aot o SE erll” RBFOSH 'sfaii, T841m and zinc;

sai d sthledeafter, gereeaehy aCﬁééﬁraﬁPda‘?(g%%: &eﬁéiﬁﬂxé@m om to remove

The sol dering nmethod according to
Aap¥dedileen isaid saldér; 4%dt o sai d wor kpi ece, the fixing

bei ng done, by formng a recess in said workpiece and

pl aci OBBi”@yg‘tﬂ deneiatiogaptisaicctres-radicaltyassty ¢afd R8cuum room to

. to d ai 1, wh i i d | d .
PR ael SERES st Rpr a8l eiculim xionqh beamgxuliogbyancreraising the
. i i Si | cohol o
t%@ggﬁ{tg?eaglf gégigé%lﬁrgrgj?%:avtgg}pfggﬂ@ﬁgpﬁ@:eggpémgl%n% 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.

1



