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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 {try to another. An
exanpl e of a method of soﬁﬂgg?&g&gmkﬁNsolder 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 gojnat@ NG ®eeepf or 15 using
flux for soldering. According to this technlque a
substrate board for which soldering is provided is
di sposed Mﬁthin a vacuumroom Bunps of solder are
igtd pr edet er i ned | ocations on the board. The
the vacuumroomis reduced to a vacuum

ﬁ#%zjure th t
Q0] ¢ hat! Niswiveatisngglaienép a sotdesinga@etisad. gas in the
@géggﬁ&ggydrogen radicals to the vacuumroom the
re wwthin 20 the vacuumroomis raised to the
ng t t f h [
(T2 T SPBEr B, i hab e dhul§bhalits WEfbRrEr solder, are
sufenees Wldbﬁéd SntAEcEHBPbhesl sy ewtag@ft %ggi‘ﬁmgn'cﬁubrbr a printed

a nolten state. [0005] It "has been oun

csmttdtsboalgi insoxar to ddcititate usectgichhcsnndatidhnofasiesh eiryiditrg to another.
not go out fromthe sol dered sol der bunps so that
/t\ﬁeexazraolgmfp@ neethof f| saldering swhkrsoddarobdmgeds doselosed in a patent

é%qﬂé solder bunps the bunps nmay bl ow up. Such
F1"¢%oh i s considered to be caused by the hydrogen

9393 rapp%tehﬂdf) BRLIED S9DA6]5e08 £} OW NG UP s

caus renova oxi de he nol ten

ssmlod?er by Ttﬂeetéb/rﬂf@t@@nsﬁow W'tﬁls""@b imehe c%ﬁnél'lrﬂH%Lﬂélt%e need for

supplied even after the solder is heated t

usanpeﬁlax uoe aﬂdmengts Amﬁjdrdmg poithis ﬁ@cfﬂh@ungeat SubstBite board for
UId phase and by goi ng out of the voids from

lp,i@ S dining fs pﬁ@/lded]us alq@ﬁ)gg@ within 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

met hod according to the present invention, the

h
gl i B syp%@wﬂ@ﬁgn@vworﬁx'ﬁsﬁd%é to
HOMGuUM Ahebjed §ff BRr mﬁ?@amlm%ﬁdde 9?&%&6‘%89 %és%ldering method

t he vacuum room wth I ch an oxi [ mtover

sodhleng highrquiaitedoldrigy. to that, the generation of
the free-radical gas is |nterrupted to make the

atmosphere in t heDIGCLABURDAMBHENWENTION and the
enpe{a re of ﬁhe solder is raised above the nelting
é%?ﬁﬁ—@kﬂﬂhgﬂﬁﬂuﬁér, cau5|ng the solder to melt within

non [ at nps re, The sol der y consi st
@ﬁ%éﬂy ofq? ﬂ g ﬂ%“ gn@PﬁHEIEWPHNQH@ Ghé drpigseat invention, the

f Y I p L ndi.u

! %E‘Jﬂf ?ﬁ'é%%i@ﬂ%@?ﬂ %M@'aﬁqg“wf}arag% i state solder is
digposad therbi, iexedme) tPHt v
gages can be used, [0008]Ei Vsagpg@r tgﬁ tﬁgre{we;\eghgﬁddé%a‘s generated
loxthéevaidulum ovem, intth whichagre oxhidt filne\wesr &ie golder is removed.  After
g rature Iomer than the melting point of the

P def\pdatiexioddheifren-cadiealt gas |Ssm|t@lreuptedntobmake the atmosphere
sol der to a free-radical

t@&r ggﬂ&ffg}erxo%sé@gnwﬁ@mg he"d dhe deaperaiuse qfh@e Solder is raised
a%%'v@e'fh Sméﬁﬁ'ngngo i gftt 5"p§({| éw%%tfﬁ%etptﬁhgﬂlgegutﬁpﬁ?plt within the

poi nt ter r Vi ng OXI

- bhdliﬁ?%’[l‘h@gbﬁé\*e 9a$he5§d?ﬂ’é’reﬁi1agbéd§1"é"l#lgﬁdf@llxocﬁf @rtﬂeor may include

sol der sel dom occurs because the

tireand exdieadr eady. sa‘Femtebe‘rasmrﬁlve@Vl@@d\/\’ﬂ@ﬁpéh%:ﬁﬁhﬁﬁﬁndifum and zinc.
nolten, no free-radical dqas is trapped in the sol
Thenéeetadical pgas, may brehydrogenartideels géor aszsmbleerbutzsther various

B RBE) 4P oPranibe BRda 11 ox o an 23&2‘.’52"'&?&“”

[DEGHIPS NOSbff Wifids FoIna Pl Bn"BLRE MR BvSPIRIAINEX b5t 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 fiim 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 ao 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 according to

an enbodi nent oBR|EE r@EscﬁmPTI@N@r THE D'ﬁA?v"
schematically shows how the tenperature an pressure

(6010 the BiipdRat tisschlemanticiatly IHEURE ah & Ff)lj:(?d‘r@ﬁrs/\h@@dtrhethe soldering
sol dering nmethod is carried out, FIGURE 3 is a
perthpéacrowling davastembedmest of tkelpdesertidhventsor.i xed to

a wor kpi e ar at s shown in FIGURE 1. BEST
MODE FOR %ﬁ&r@ié«% a4l maEe A Knahem RO Wo! heotemperasurehah pressure in

U S LSBT BESs 3 e motnd 1 card

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

i ncl udes #IGUREG ishapbaipaRavs v‘?fé\N%'}‘r%vﬁﬁ‘g WBRES s%'(l}?é’FbtgéH is fixed to

part 4b. The | ower chanber part 4a i s box-shape
hawrkpieopdnithg apparatps sfloenuippRIG URENWer part 4b is 15

joined to the | ower chanbe art 4a b means of, for
exanpl e, a RifgeMPREQR Qfe“gR}éHﬂ@ @u cTHﬁéNVENTlh@bler

4a. The | ower and

@@3@ nghla é? &8?‘5@2@“@% # 4P eAMdarRRATa8URc HSethaR the soldering

h
R, SO0 ST, P B AP ltaos  vouur
foeepPe hEFhﬁexrécQJ%'m rgdrha.?‘?d%r‘g izl tﬁ%r é’rﬁ\‘@%u%hrch includes a

punp 6, is coupled to 20 t bott om of’

lowamodia et p a4 4 aCored ahlrmperfcﬁaimebera@wmprﬁWhﬁ rrrw@h chamber part
t he upper chanber part 4b covering the | ower chanb

45ars bex- %hﬁdtelﬁiaﬁéé haﬁeam epegringroroftop.he Mm:umpercmhanﬂzer part 4b is
. The vac i,s of a type havin control | abl e

Qe 0 egolisEe é&‘a"[%mftw i O 8 001 @¥AMGda 2NiNge 50 as to be
4016 thoUBEe B M erP@Ydnifiguin fiRE (GRS 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 parr 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

Havicegnayalel usgcher mal capacity, such as ceranic or
carbon. An electric heater 14 is enbedded 30 in the

KUt t ablkeater powepl sweplof (riotes e)vast fdrctmae#ie%'terl‘m is disposed
an |nfrared heating 3 device nay be used.
Auisids %wapu@mpfppm 2nend deade Yo the hehbarrfbﬂaeeaf |e1d4c>us of the vacuum

ﬂdojﬁ%f | kts ide % & vacyum r oom 2, and |l eads to the

e While,Kgepiad thet edf“%ﬁ@'%ﬁi@mﬁthedt&ﬂuzm whome2, and connected
tate of th 2. 'and

KeRR il EP%QQ%@@% state of the vacqunogclaz]mA an

connec heat er power supply

[oeal4] ng d%’b&@llr(ed‘%w%gc(%r shg\@hﬂ}ytﬁgﬂ&aﬁf@gﬁ ecggltotgoqqntact with the

contact with th entrre

erathleclobhr siusfadesdianedupbbhi tap} é“? %g#ﬁggb%fd’%ﬁlmg vacuum room 2

such a manner as to be selective y into
iBus UGt acovanaet asi td beheelektively IsWufgﬁt:ent@f ahH'eoLﬁU@fp%ﬁtaot with the

tabl e 1é The cooling device is to cool the suppor
oW er S cg0fihers unperdiabledi. as Thateo|inh 0lssde VWmcbbEthe support

BB TRolh HEGSUR S 68 o1 Contact with the suppor
(0025, "1 RS R netiiTeld T haPBeiardlyRheth beat % workpiece 10, the

dvodinghtieV n i dth 0 "L RS 19f
Bt GO NIROLSEAV IR 2 e, whon

mmoswpmaubethbzhamrmmahd e eruRed d, CERAEH b 1Y rd@mc% is brought into
heating and rapid cooling of the support ta
C;S’@é%fithéth [fmia\]veprseﬂétacadpt:athegasp;geneteate M@ m@am the table 12,

¥ dBeFHrTh IR L hanaSmall (harmohBasecine asidimaating and rapid
cﬁod gQﬁtH¥% Bgﬁgéhggl??%rgﬁﬁggﬁggng devi ce 16 mmkes

en gas use of plasna

0816 10 el 88" SANERE SIS grogon radice
gieneratéregs davioe citoviendés mpseeriatthe Wfber 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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di sposed - out si de the upper chanber part 4b. A
wavegui de 20 for transmtting mcrowaves generated in
the m crowave generator 18 is nounted to the upper
wal | of the upper chanber part 4b. The wavegui de 20
has a m crowave 25 introduci ng wi ndow 22 therein, The
m crowave i ntroduci ng wi ndow 22 is shaped such as to

fgae supelsuppoetns able 42yamneg@yerds i He . A
surface of the supporgte taygl eg 12?6’%3%?;5‘!&@%% ggo%géssoosed. The

g@ydrﬁg@ntgﬁé By teberfdesupriels Marbheou@’ Romwh 45 des&ah gas source
%%%%rln the entire surface of the support table 12 as
i RITEROSE dpRUts her BiRsVaau UM GURE 2 to 3e [@1GH oWthdiuppehehamber part

upper hanber part 4b, nearby the w ndow 22, hydrogen
4''gas pﬁy&%”wgﬁﬁss,oué%.z Iyl F e gasasdppsypplube controllable

g . [ 24

T T M 08, U 3 o+ chnges t
e, A TR R Hi s e
iistradueingewirain @ X @0 Stbl@%b\y Qeﬁ@t’h‘téégwhoig{;gn SRyt Sofhe hydrogen

gas into the chanber 4. The Suppli _ ogen gas i
¢RaitgE ate thenaded toyhe remtime caroweofeth el Wb FQUBEL 0i PaSsing through a
4 through the m crowave introducing

th hanber hr.
ﬂeﬁcacﬁ@'@@see W'lﬁ@ﬁgt%@ gRifer cliamberdpaetd imdirdad so capkire undesired

adicals are, then, led to the entire area
NIRRT R8s Bl Hsn s ot ARG ba hadl St 3 plurality of such

i L Lhi ah in ord
ARt ST By OBV T8 TBRY, LRl Sa8 STBRu Iy means, e.g.
bt nistogehdgde snepBdtdbkap7a @l HFS%' is¥o94d $H%he (PPYOGRIMber part 4b.

gas supply tubes 24 can He_use . Nitrogen gas

tippiyoggn rgmsnsypmy dube 2 i Bth@@apﬁwpmkabe@§7@m a nitrogen

is al so disposed in the upper chanber part 4D. he

BR% SOYEse éag deppred eulsidethe vacwsedoom 4uptol he upper chamber part
Ltr g!ﬂ@s froma nitro%9H ., gas source 27b di sposed

ghtsiog@ tHECGEL AR P8BS 2/ Rtl§ BHENARPeIO @Satosipphr @ controllable

' /b is arranged so as
%@Ogﬁégfgﬁg&%%tgggﬂﬁggﬁ8§$§hﬁ%“%”of nitrogen gas into

[0t 8¢ harbex céntrbPAASArafy £ 281§ @lsedRB i

to control the hydei%%]en gas soarege %@q@ﬁﬁgﬁiyt%@eilngas source 25,

Q%shétﬂﬂ%egasrtsoamb Qib arat thenwpouwpm6pump B.esSUpeeBagL auge 29 is
i

prowdsed on the chamber 4 for use in the control provided by the control

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

o
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provided on the chanber 4 for use in the contro
provi ded by the control 20 apparatus 28. [0019] A
sol dering net hod according to one enbodi ment of the
invention wusing this soldering apparatus can be
carried out in the follow ng manner shown by way of
exanple. First, the upper chanber part 4b is opened,

apdeasuﬁaeefoéltmmd/o% BEOM 0\ r i r ot
board i s disposed, aﬂg t he ﬁé%glog@)e'% Fm@gEg {TLH he solder balls 13
3 &P@Sﬁdbnéhﬂzeceﬂss;elsu‘rﬁaia thereby siltdersdi@arel &N 3 in position.
E@rﬁﬁ aldéff which are to becone sol der bunps, are

ged @'héh%\torlhﬁl él@réeflohaméengna;pa@edsfciomdaaehd the vacuum

0 is in solid-state and consists
g%’ltﬁg 'gfoe@ﬂ!ed o eHapirighei chamaer brie. dor e¥e@ple, about 0.01 Torr
pYys s

@‘Hs'w%tbﬁ AR T e p§§,55§r drtosovaghum.  Next
hedrogedr gadli| §p92ﬁ9$&‘{q é@ctth'ey AmbBf Hor kil @zeogiga%lre within the

For exanpl e, n s are used, S

d?«?eﬂbe:rr frébat com efshfeom SabeRIp e | FuFrf (ac k
as_shown in FlI GURE 3, and'ihéﬁ% tdt?@n%@% H?g?gbOUt13 3 Pato

%Bo@@d ﬂﬁtfm“&)@&ﬂe;ﬁses 15 to thereby fix the sol der
[0020] After that, the upper

@ﬂlhf) 13 M]éo tion.
atber heghpsPrassyead in alhe chémbacwrbeq@mqs Ghusspressure the
d: .t th hanb 4 t f
o) 'alé’ﬁ-%ﬁfz"eéaﬁq hg Al Yo HeTRpigte 1) 14 & tasmibiatelieot, e.g. about
Next
&(Eslggmgu%rg“él Mo aRCthedmbAid E{S‘%ﬁ?z}{hets)r(%d%rr e 98 Romperature

isi maimatnee. chanbier téhn s b
about 1 Torr (i.e. froﬁw@g%t C:‘ig@' @ao‘f‘% 9“ gut Vf_sgggerator 18 is

qq»@)ratefdotro @&rmmlaahy@l@)@m]raﬂmm trhﬂwepm@r_ﬂbéem n Th@feneratlon of the
Hanber i F mes thlivgressure the io heater 1
WHEOSRT, & '108 ShSagoRtiuadofKpiabest voet (d )antrm’tp,ewaemtey the hydrogen

rBicals SpaBE"bag abinSis, e sl Fusaseecialad path The  solder, at the
tmupemur@@bwémwawtﬁelrggnaﬁ@ Haige_condition, the

m cr owave gener at or oper at ed to generate

[6§22]ogen A#dr ¢iadts the opbeatiasbaTe mlch%vge%@rTé}ta &”183 stopped to
the hydrogen radicals is continued for on 3
the el dNtarnertethy gersration ederydirsgemdadiabl, radute a@@bum pump 6 is
E 8 oxide filnms associated with the solder at the

to"reduce the pressure in the 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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tenperature |l ower than the nmelting point. [0022] After

that, the operation of the m crowave generator 18 is

stopped to thereby interrupt the generation of

hydrogen radi cals, and the vacuum punp 6 is operated

to reduce the pressure in the chanber 4 to about 0.01

Torr (i.e. about 20 1.33 Pa). Thereafter, nitrogen gas
ipgesspel | edhér hir g r 7 into_ the

gﬁanber 4, Qﬁé?ggyhﬁggh%R@gggpeaapéﬂgnﬁg%ﬁy@ﬁgﬁ@e a%sourmaQS and

itke métragered at soarc@bIsidenef by FHEMGHOY oot s
about 1 Torr (i.e. from about %3.3 Pa ttag%%ﬁg@gfggﬂgesponseto a

P&§SsUrpeignaltsdipatieditorothe pressusegpuiged proiéeMentiss chamber 4.

| incrgased to raise the tenperature of the
M‘?@i ece 16CaEVRIGNHe e dtivagreriadicet garessch derhydsgen radical

Y“ﬂg[’g%@ %Ssl?‘%gﬁ%é/g(?rgwe%fﬁ%,k?@gég@%g _ZﬁaTg]q?gggSéeedr without need
E‘ﬁf,lf,%'?? ﬂ?)\é'blceeffd{gne:?@gg%g%irﬁoﬁéﬁ\ﬁgﬁﬂé’rﬁ)g@@wﬁ%ﬁc%ggare supplied over to
trao Wiokigh ik Se 8l0sia é3'e‘6rﬁdiiggn‘%h’tte b SHuYe SQwE PRl an wag}elting point of the

wor kpi ece 10 is cooled to roomtenperature 1n

esldep! exiderfédms1danmbeuteenoveldt befoeethe ey @8t RbIfshat Further since the

si nmul t aneously with the beginning of the cooling, tf1e

se/daroumeltsd Bnd cogiad sttppithemxide dthsastredretmoved hga non-oxidizing
at nospheric 6 pressure. The control of

e t
%ﬁ@%eﬁ%% 'PJrPE“%Qe'i Shifdrasiyead giato dbarefwmbendd it nieger happens
: . i by th tral L

fhat 0O dPGTeP BHS 3¢ 1RDet n 1RR Ty et Soul ey naiven if a void is formed
, . . i i t :

DL SoHehr RMAEE hRpBEAYRaOMIBuFPSARY bt of, 'S¥ng triggered by
theerenail oaloxighesti nsusin cas ual o il m adizgal bedh ieﬁnovedbbefore.

e

Lied over to the workpiece 10, sol der oxide can

[MSE ed wiAshaltexaserle, fsotdarsbaids flexixbithg aheretiome.point of 183 °C)
hSi\F _tae h drog rd radi cals are supplied over to the

v@aﬂﬁ@.ae @Mgef ] 2 QRS GoBIstiBaRSr 63 (b fl Dnandt hade of Pb, and

g [ , | d id i
e Re b Pt L shBinongpPE oic2Ebher] aded f ilameter of 400
@l i tapd o o) [ fA .
e oy AT kg o R AT M B e R pporimentea

Tgues sioiderodatiedvert ordated,chatiber frbe-iddidRYgas NBERENSupplied for 60
that the hydrogen gas is trapped in the nolten sol der.
SE¢aRds finatarmperatyef 6pnagitions not heomotateperaturene§er°C, 100 °C, and

1Ig>?pp§,n®hfclﬁatten1tp%?a&l#e 3réafl Ig\l.vgmaonf {h’e %%ilt?r?g tp[)gn%go?rtﬁg 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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the renoval of oxide filns since such oxide filnms have
been renoved before. [0024] As an exanpl e, sol der
balls (exhibiting a nelting point of 183 C) 15 havi ng
a di aneter of 400 microns consisting of 63" % of Sn and
37 %of Pb, and solder balls (exhibiting a nmelting
poi nt of 220 C) having a dianeter of 400 mcrons

isotderdinag t&ﬁflﬂ’(e@fbysme gs& o% Fluﬁgoraé‘&jh&lg’ O(%é’wmd"’gégdual e.g. a

experinmented, The sol der s wer e 17 eat

ﬂuee}rrmeeale glwhlohi mgj oﬁslu@lﬂlsu%nft% a&Q)hofF%‘P%'ﬂg%l'crbCé%
n&eir ature conditions of roomtenperature
d 20 Ipsthecabowi-dascerbgubeathodém eat,esalder Ibowess Bhg@formed on a
the neltlpﬁ poi nt of the solder, and, thereafter, the
YOrgarceabit ey Heaiaaged inothedolleminy manmérgheBy the use of the

iRl n‘ﬁﬁnﬁémgo%‘i@o@&p?@gﬁ A ld%gﬁeégﬁfﬁrhégé%u salder burps
R eRy o da e o ds s G A A5 0BT welle” sbi aer Biati §oult board.

VOi wer e forrre

Ei@lﬁrfddé%nbﬁdand‘tfhef Osﬁllédhetvﬁég@ rZErIﬁEJQGVL@FJ&nOfbo%gbGG%B Brought into

produced bunps, that of consisting o

@@ntﬁnt it t38 Yhuf fSkm&\@Sscbldeﬁ sunge of Afteorhat, 2tH\|3tcﬂwamber 4 is
that of the solder including 96 % of Sn,

d
%VED?U% @‘?n g‘\féﬁ‘fdaofrse%diﬁabgams generatechge aftefrpemaflirl above the
B ikt Bl 08, SUIASk HE Bt Beiel P dntig, raawisd, Whereby two
f [ k
T L ME R
iultjerlﬁfg PO EkaYs %@WILB@OFM#?&I{’%S‘ U?ed*se @Fe:ﬂa \/é'gdﬁergaylge arranged

adhesi ve | eaving no residua ux or

tbat, wftemt heep s s canst {Heuedm bsr &'l@@@@ﬂjcéﬁ t@%%ﬁ&m@cﬂh‘é free radical
[0026] In the above-descri bed enbodi nent, sol

%A% ¥ (Qﬁrﬁ@ﬂat@d al awernkpretise helowi thamwelbegapananqﬁdthlensolder and,
n nanner y the use of the 5 soldering
thefensfrratibrde

RG'S WeltRd. above- described enbodi rrent

(BEREF" o7 P, B e, Al e b et (R e itios DO SiTon wafers or
pﬁﬂﬁé@&ﬁrc@it' b&8s WatIe s ol r YU sefci{ﬁiéo?méregﬁaiaﬂg@ §oldering method

TOUgt into contact with t orne
degopding Abttee dbvat:; dedmelbebaém&bdlﬁwerﬁ arevovRieRld. Ahb&dilicon wafers

a free radical gas is generated at a tenperature above

of Harinted circuit boards are placed in the 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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1o nmelting point of the solder, the solder is nelted

and, then, cooled, whereby two silicon wafers or two

printed circuit boards are soldered together. In this

sol dering process, no flux or adhesive is used.

Alternatively, it may be arranged that, after the

p[essure of the chanber 4 is reduced to a vacuum the
Presdradedinedls byashe ssgdasingt etbthod aateomiéngt i ethbelabwye-described
th nelticg Point of the_solder, and, 15 thereafter,

?WZ’OQHT‘BE fIE RESRAEE. [ 0D sileam, wafiees @1 Ipoiwtedy circuit boards are

HC%?%E”EW&[?W@%%L < mﬁ’%ii%igé%“f@éﬂ Bt into contect wih
D SRl PR BTF e e Miegsre within the

oedreber 4ois pedindeRd t€id Gdictufo 2 ol 0. the
chanber 4 with correspondi%§'§% déffgg Eﬁﬁg@ @53.9 generated at a

icomeretwe. alftven the el pn@smunteol thé he|ddrarher tife icdntacting solder is

reduced to a vacuum and a free-radi cal gas is

Gitiédateteds albemplbeasalder sbovaleter weldarivgy. poiAiternhtively, it may
he sol der contacting with each

t he sol der,, Thenp,

Rg ﬁéﬁanﬁéﬁtt??t’é&régﬁ depsswe afHba cheotal 4 by rediader fong vacuum, the
ALS50RS1 S8, P " L B e i of o
foneer. il ohreang, the SR ARISTRYR Y 2 erperature

bel ow the neltin oi nt of the sol der, and,

[06@8paft eThe fdlRvaRY deraliss feRlsigg, [@Ogiﬁhoﬁ“\f&%f@rﬂl:’gﬁ'inted circuit
the foll ow ng arrangenent is al so possible. sil1con
hegrer hawingr i eleeldods rpads boamdichi téoldet deumpynpse formed by the

f.ormed on. el ectrode pads thereon by the soldering .
arpélvﬁéﬂge%{?é@@rdds?ﬂée&”&ﬂ fEhagds erapamd. bed | smbadiliean wafer or printed

; i1J.con fer or,printed circuit board with
BRI Py Bole iidstar iR stolder pasiepacbmipd is prepared.
eg t had rdi e, de | bed
ToRe A 0TS0 BEE0TL00 S AJPUTIAESEINFmos on o
e ¢tnd ¢l pads euidtthbaa I ' ' ing i
Petirode pats mad! bun:)dfrbﬁ)ﬁ%r?? PebriEsd il @ffodt pads being in
cQosadi at élieopeassufe tinethsol chamiprati ng teajerd. tdhenvacuum, and a

. he pressure within the 5 chanber 4 is reduced to a .
Kﬁfc[ﬁ[ﬂwa'aﬂas dSryelsratedi ahia damppratyenabtavedthe melting point of the

sg)ﬁfyigﬁtgéflﬂﬁeg%é@'ehg@ﬁg tain'agtr%()isgfde?fpgsqg ROLSRGet S 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




caused to nelt. Then, the solder is cooled for

soldering. 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 1o solder,

and, thereafter, the solder is nelted. [0029] The
FBPPEAM A FaNsbamslifiehss bree an isidtimmohtiwatigh veitichrd Woektbiece can be

' i board havj ng el ectrode pads on which sol der

%hhﬁﬁ”é#@eﬁﬁﬁﬂgﬁrﬁy h@“ﬁ358Véim@§©hH%@dhébW@éMﬂagecan be sent out,
h IS _ .Also, a silicon wafer or printed .

gﬁ?célji%tenﬁo\gcgﬁﬁgigﬁtﬂldé%q%gaeb%%”% IMAE @Rdsevdel ports.  With
BES telr d gy AR L] ' : e, waf ers.or, boards
are aglrdan?ed [ r¥’ tﬁﬁékpéﬁgﬁgsﬁ i)gvﬁqbﬁeﬁqeed %‘F(‘oeests'\fﬁh‘rps 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 sol der paste in contact with them
are 20 nelted. After that, they are cooled to sol der
themtogether. Alternatively, it may 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 invention is 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
sel ected fromsilver, |ead, copper, bisnuth, indium
.and zinc, can be wused. 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 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
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thi s arrangenent, workpi eces can be processed
successively. 5 10 dains 1. A soldering nethod
conprising the steps of: reducing the pressure of a
vacuum room wi th a workpi ece placed therein to a
vacuum sai d workpiece being 5 a silicon wafer or a
printed-circuit board and havi ng sol der di sposed on
the upper surface thereof, said solder being in the
C$aihisd state and consisting solely of tin or including
tin and one or nore conponents selected fromsilver,

| ead, copper, bisnuth, indiun1and zinc; placing said
Jvacuum erature n the.me

aCUUR LSS A SERSTAES LSloohal ABGRM Wessure of &
vé&@rﬁ%&m'vﬁﬁ%‘ﬁo{;\(g@% Ié(%%mﬁe?elhet'ané’@aaﬂﬂn Oé‘él@ﬁ‘/vcfrkbl@be being

on said reafter, stopping t

agtilanalafen oofa s tddioyduddeard adddmlvmgasnﬂdaaﬁlspgsed be the upper
at nosphere in said vacuum room non-oxi di zi ng
syraacs Hgredle sehpaldet beiag ipfthe splid séataeand; @pwstmg so!ely of tin or

BR800 5 AR SRR BpBlocsPoth SHETehe, cooper

bgﬁ{@ﬁrlna@nnghggm@ccor ding to daim1, wherein said
der 1s fixed to said workpiece, t he fixing being

done bhacfnar saidgvaa uuec sxen iah asteintherettkpileger thandthe melting point
gla0|n said solder in said recess

: ss. 20 3, The
sRidesaley Avd @@ae@éwerwqﬁeg%r@ﬁaalﬁw 0, sajhdeet WmsgPe to remove
S d wor kpi ece, the fixing being
aﬁg)%gﬁbf)}h\ %@Sé? oA@@r Sé?Pux or adhesive conprising
illlcohmer@éft@{ geppenpeiedgaseratioRio?safP Ap@dgeh rabigaroknd making
the atmosphere 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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